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A B S T R A C T  

Background 

Dysglycaemia is an increasingly common complication of cystic fibrosis (CF). It ultimately 
results in the development of CF-related diabetes, which is associated with increased 
mortality and morbidity. Low glycaemic index (GI) diets are recommended for non-CF 
diabetes and GI dietary intervention could help manage dysglycaemia in CF populations, 
but evidence is lacking.  

 

Aim 

To increase knowledge related to the dietary management of dysglycaemia in CF and to 
explore the feasibility of GI dietary intervention for people with CF and glucose 
abnormalities.  

 

Methods 

Three studies were conducted. The first study was a systematic review of dietary 
interventions for managing dysglycaemia in CF. The second study assessed the feasibility 
of implementing a GI dietary intervention, developed by the researcher, in a sample of 24 
individuals with CF and dysglycaemia. Baseline and follow-up assessments completed 
after 12-weeks of dietary intervention included measures of glycaemia, dietary intake, 
and clinical status. The third study was a qualitative acceptability assessment of the 
intervention and feasibility study processes. Semi-structured interviews were held with 
study participants and some of their parents (n=7). In addition, three focus groups were 
held with 23 CF healthcare professionals (HCPs) to gain their perspectives on the 
intervention and the broader management of dysglycaemia in CF. 

 

Results 

The review identified a lack of robust evidence to support dietary interventions for 
managing dysglycaemia in CF. The feasibility study and acceptability assessment indicated 
that the proposed GI dietary intervention and study processes were feasible and 
acceptable to people with CF and dysglycaemia and to HCPs. The feasibility study also 
provided preliminary evidence that the intervention may have a favourable effect on 
reducing dietary GI. 

 

Conclusion 

This thesis presents preliminary data that indicates GI dietary intervention is feasible and 
acceptable for dysglycaemia management in CF. Further research is needed to confirm its 
effectiveness and clinical utility. 
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IN TRODUC TI ON  
 

Thesis aims  

The overall aim of this thesis was to increase knowledge related to the dietary 

management of dysglycaemia in cystic fibrosis (CF). A programme of research was 

undertaken, consisting of three studies: a systematic review, a feasibility study, and an 

acceptability assessment. The specific aim of each study was: 

1. To systematically review the literature to determine what is known about dietary 

interventions for managing glucose abnormalities in CF. 

2. To assess the feasibility of a novel glycaemic index (GI) dietary intervention for people 

with CF and dysglycaemia. 

3. To explore stakeholders’ acceptability of the GI dietary intervention and the feasibility 

study processes. 

 

 

Thesis outline 

Chapter 1 introduces CF, including its clinical features and medical and nutritional 

management. Background on the phenomena of dysglycaemia in CF is presented, and the 

clinical implications and current management strategies for the spectrum of glucose 

abnormalities in CF are explained. Low GI diet recommendations for non-CF diabetes 

management are introduced and the rationale for exploring the use of this dietary 

management strategy in the context of CF is put forward.   

 

Chapter 2 presents a systematic review of the literature related to dietary interventions 

for dysglycaemia management in CF. The objective of this review was to determine what 

is currently known about the effects of dietary interventions for managing glucose 

abnormalities in people with CF. 
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Chapter 3 describes the development of a novel GI dietary intervention designed to help 

manage dysglycaemia in people who have CF. It provides an overview of best practice 

guidance used to inform the intervention development and details the range of methods 

employed. 

 

Chapter 4 presents a non-randomised, single-arm feasibility study, conducted across two 

UK NHS CF centres, to assess the feasibility of a novel GI dietary intervention for people 

with CF and dysglycaemia. The objectives of the feasibility study were to:   

 

• Examine recruitment and retention rates, and attendance at research visits. 

• Examine the feasibility of data collection of the following outcome measures: 

glycaemia, dietary intake, anthropometrics (height, weight, derived body mass 

index), lung function and health related quality of life. 

• Explore potential intervention promise and safety through examination of the 

change in the outcome measures between baseline and follow-up.  

• Assess acceptability of the dietary intervention and the study processes. 

 

Chapter 5 details the acceptability assessment component of the feasibility study. Semi-

structured interviews were conducted with the study participants and some of their 

parents to explore their perspectives of the GI dietary intervention and the study 

processes. Focus groups were conducted with dietitians, nurses and physicians involved 

in CF clinical care provision to gain their perspectives of the GI dietary intervention, the 

feasibility study, and the management of dysglycaemia in CF more broadly. 

 

Chapter 6 summarises the key findings from each chapter of this thesis, discusses the 

clinical implications of the research, highlights its strengths and limitations, and presents 

possible directions for future research.  

 

Figure i.1 presents a timeline of the activities undertaken throughout the researcher’s 
PhD. 



22 

 

 

• PhD thesis production and submission 
• Cochrane systematic review 
• ECFS conference: 2 x poster presentations (feasibility study) 

2016      2017            2018                    2019   

• Pump priming study  
• Dietetic CF research 

placements - 
Minnesota, CHOP, USA
  

• Commence NIHR CDRF 
• UK CF Trust VIA awarded 
• PPIE activities 
• GI dietary intervention 

development 

• Bristol YPAG review 
• Dietetic CF research 

placement – Sydney, 
Australia 

• Systematic review 
• NIHR CDRF Feasibility 

study commenced 

 

2020     2021           2022        

• Maternity leave • Feasibility study data 
analysis and write up 

• Cochrane systematic 
review  

• PhD thesis production 

•NIHR CDRF 
Feasibility study 

• ECFS conference: 
oral and poster 
presentation 
(systematic review) 

CDRF: Clinical doctoral research fellowship; CF: Cystic fibrosis; CFRD: Cystic fibrosis-related diabetes; CHOP: Children’s Hospital of Philadelphia; ECFS: European Cystic Fibrosis 
Society; GI: Glycaemic index; NIHR: National Institute for Health and Care Research; PPIE: Patient and public involvement and engagement; VIA: Venture and Innovation Award; 
YPAG: Young Persons Advisory Group 

Figure i.1: Timeline of PhD activities 
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1.1 Chapter overview 

This chapter provides an overview of cystic fibrosis (CF) and its management. 

Dysglycaemia in CF is introduced and the rationale for exploring the use of glycaemic 

index (GI) dietary intervention in the context of CF is presented.   

 

1.2 Epidemiology of cystic fibrosis 

CF is the most common, life-limiting, autosomal recessive disease in the UK, affecting over 

10,500 people (2). Globally, around 90,000 people are currently living with CF, with the 

highest prevalence (1 in 2,500 live births) in Europe, North America, and Australia (2-4). 

CF occurs primarily in Caucasians, but its incidence has been reported in most, if not all, 

major racial groups (5, 6).  

 

1.3 Pathophysiology of cystic fibrosis  

CF is caused by mutations of the cystic fibrosis transmembrane conductance regulator 

(CFTR) gene, which codes to produce the CFTR protein; an ATP-binding cassette (ABC) 

transporter-class ion channel protein that  is expressed on epithelial cell membranes (7). 

The CFTR protein plays a central role in transepithelial fluid and electrolyte transport 

regulation (8), and  dysfunction of this protein disrupts the normal transport of water and 

electrolytes across cell membranes.  

The CFTR gene is located on chromosome 7 and there are over 2000 recognised 

mutations, although not all are considered to cause sufficient protein dysfunction to 

definitively cause CF (9, 10). It is a multisystem disease as the CFTR protein is expressed 

on the surface of the epithelial cells of all mucus producing organs throughout the body, 

although the organs principally affected are the lungs, pancreas, gastrointestinal tract, 

liver, and exocrine glands (11, 12). The precise mechanism of dysfunction varies 

depending on the specific gene mutation. Six classes of mutations have been proposed, 

grouped according to the nature of the CFTR defect, which cause varying degrees of 
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disease severity (Figure 1.1). The result of all mutations is decreased secretion of chloride, 

and increased resorption of sodium, into the cellular space. The increased sodium 

reabsorption leads to increased water resorption and manifests as thick, dehydrated 

mucus secretions on epithelial linings and more viscous secretions from exocrine tissues 

(7). The thickened secretions that characterise CF predispose airways to chronic infection 

and lead to obstruction, scarring and eventual destruction of affected organs.  

 

Figure 1.1: CFTR mutation classifications  

 

 

Adapted from Hine et al, 2020 (13) 

 

1.4 History of cystic fibrosis  

 

CF was first recognised in Europe several centuries ago. The underlying ion channel defect 

leads to high sodium concentrations excreted in sweat, and historically infants with CF 

were identified by faltering growth and salty sweat. Children with CF were believed to be 

cursed (14); German folklore dating back to the eighteenth century cautioned ‘woe to the 

child who tastes salty from a kiss on the brow, for he is cursed and soon must die’. It was 

not until the early twentieth century that the clinical manifestations of CF were clarified. 

Andersen first described CF in the 1930s (15); children who presented with poor growth, 

abdominal distention and steatorrhea were often mistakenly diagnosed as having coeliac 

disease, but autopsy examination of infants who died from meconium plugging showed 

Less-severe disease More-severe disease 
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changes in lung, pancreas and liver structures, and Andersen linked fibrotic changes in the 

pancreas with bronchiectasis in the lungs (15). This pivotal paper led to recognition of CF 

as a disease of exocrine pancreatic insufficiency and recurrent pulmonary infections.  

 

1.5 Life expectancy of people living with cystic fibrosis  

Until the mid-twentieth century, life expectancy was measured in months as people with 

CF rarely survived beyond infancy or early childhood (15). A combination of malnutrition 

and lung disease was the main cause of death. However, increased understanding of the 

pathophysiology of CF, the introduction of new-born screening and advances in medical 

management have led to dramatic improvements in survival (Figure 1.2). In the 

UK, average life expectancy is now 50.6 years (2), and recent data from the USA CF 

Foundation (CFF) Registry demonstrated a median predicted survival age in 2020 of 59 

years (16). It is anticipated that further advances in life expectancy will be seen following 

the recent introduction of CFTR modulator therapies that target the underlying genetic 

defect (section 1.7.1) (17).  

    

    Figure 1.2: Median predicted survival in CF  

 

       Source: CFF annual report data 2020 (16) 
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1.6 Clinical features of cystic fibrosis  

The clinical manifestations of CF present throughout the body and include pulmonary 

disease, pancreatic insufficiency leading to gastrointestinal complications, hepatobiliary 

disease, bone disease and urogenital tract disease. Of the list of CF manifestations, it is 

pulmonary disease and gastrointestinal complications that account for the majority of 

morbidity and mortality (18). Despite the impressive improvements in life expectancy, the 

rate of mortality is still high; CF continues to cause progressive respiratory and digestive 

dysfunction, and people with CF often experience prolonged periods of ill-health before 

dying prematurely due to respiratory deterioration (3). 

 

1.6.1 Pulmonary disease  

CF pulmonary disease involves chronic airway infection, inflammation and pulmonary 

exacerbations resulting from dehydrated mucus secretions (19). Mucus plugging in the 

bronchioles causes obstructive lung disease, which creates an optimal environment for 

bacterial growth in the airways, leading to purulent sputum production. The inflammatory 

response includes neutrophil production, which functions as a secretagogue, thereby 

setting in motion a cycle of viscous mucous secretion with persistent inflammation and 

infection (7).  

 

1.6.2 Pancreatic insufficiency  

The pancreas is a key organ in metabolism and glucose homeostasis. It has both exocrine 

and endocrine functions, controlling the synthesis and secretion of digestive enzymes into 

the duodenum to regulate digestion of carbohydrate, protein and fat, and pancreatic 

hormones into the blood stream which play a crucial role in glucose handling (7, 20). The 

pancreatic islets of Langerhans contain endocrine cells, which secrete polypeptides 

including glucagon (α-cells) and insulin (β-cells). These counter-regulatory hormones 

operate synergistically to regulate glycaemia; glucagon is a catabolic hormone that 

increases blood glucose levels, while insulin exerts an anabolic effect, promoting the 
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synthesis of carbohydrate, fat and protein (21), and decreases blood glucose levels (22). 

Insulin secretion from the β-cells is a dynamic two-phase process that is stimulated by 

elevated blood plasma glucose levels (hyperglycaemia), as occurs after food consumption, 

and is reduced when blood glucose levels are low (23). The first phase response sees a 

rapid increase in insulin secretion which lasts for approximately three minutes, followed 

by the second phase response - a more prolonged increase in secretion that can last 

several minutes to hours (24). Insulin binds with specific membrane receptors on muscle 

cells, adipocytes, and hepatocytes, forming an insulin-receptor complex that is taken into 

the cell by endocytosis. This triggers signalling pathways that facilitate the uptake of 

glucose through cell membranes, thereby lowering blood glucose levels (25). Insulin also 

stimulates hepatic storage of glucose, as glycogen, via glycogenesis. When blood glucose 

levels are low (hypoglycaemia), such as in between eating episodes or during periods of 

sleep, the pancreatic α-cells release glucagon into the bloodstream, which drives 

glycogenolysis and gluconeogenesis in the liver and kidney to increase blood glucose 

levels (20).     

Pancreatic function is negatively affected in CF; impaired CFTR protein on the pancreatic 

duct epithelium leads to viscous secretions which damage the exocrine pancreas by 

obstructing the pancreatic ducts (26). This obstruction affects the secretion of digestive 

enzymes; the overall pH of the enzymes is reduced due to decreased sodium bicarbonate, 

causing reduced neutralisation of the gastric acid. This leads to degradation of the 

digestive enzymes and results in nutrient malabsorption, which can present as 

steatorrhea, bloating, flatulence, undernutrition or faltering weight (7). Exocrine 

pancreatic tissue damage begins in utero and is often severe at birth (27). Pancreatic 

insufficiency, defined as inadequate activity or deficiency of the pancreatic enzymes 

resulting in maldigestion and malabsorption (28), is a key complication of CF. It occurs 

when there is loss of ≥85% pancreatic function, and is present in 85% of the CF population 

(29), causing malabsorption of fat, protein and the fat-soluble vitamins A,D,E and K (30, 

31). People with CF who are born pancreatic sufficient usually progress to insufficiency by 

three years of age (32, 33).  
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1.6.3 Dysglycaemia  

In comparison to the damage to the exocrine pancreas, endocrine pancreatic function is 

largely preserved in early life. However, continuous accumulation of viscous secretions in 

the pancreatic ducts gradually causes fibrosis, fatty infiltration, and atrophy of the islet 

cells in the endocrine pancreas. The islet cells eventually cease to function, causing an 

impaired insulin response which leads to dysglycaemia (7, 34). Abnormalities in glucose 

metabolism are common as the endocrine pancreas becomes progressively damaged; few 

people with CF have normal glucose tolerance (35) and it gradually deteriorates over time, 

eventually leading to the development of CF-related diabetes (CFRD), the most prevalent 

comorbidity of CF (36). Dysglycaemia is discussed further in section 1.8. 

 

1.7 Clinical management of cystic fibrosis 

Preventative management and symptomatic treatment of CF commences in early 

childhood and involves significant nutritional therapy to achieve and maintain optimal 

nutritional status, alongside a range of oral and inhaled medications, intravenous 

antibiotics, physiotherapy, and exercise, to prevent and treat chest infections and to 

reduce the levels of mucous in the body.  

 

1.7.1 CFTR modulator therapies 

The introduction of CFTR modulator therapies in the last decade has dramatically changed 

the clinical course of CF, resulting in significant improvements in clinical status, quality of 

life and life expectancy for people with CF (17, 37). CFTR modulators are a novel class of 

drugs designed to target the molecular defects in the CFTR protein to increase its activity. 

There are two main classes of modulators; ‘potentiators’ which target CFTR gating defects 

by increasing the length of time the CFTR channel is open, thereby improving ion transport 

(38, 39), and ‘correctors’ which stabilise the 3-D conformation of the CFTR protein to 

increase trafficking to the cell surface (40). These precision medicines have revolutionised 

CF treatment, which previously has only been able to address downstream effects – 
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symptoms and complications. The current selection of CFTR modulators potentially 

provide options for about 90% of people with CF, according to genotype, and ongoing 

research is being conducted which may result in similar targeted therapies for rarer CF 

mutations (13). Access to these high cost medications has been a limiting factor to their 

use, but availability is now becoming more widespread in the UK CF community (13, 41). 

The longer-term outcomes need to be monitored and evaluated, but it is likely that the 

development of CFTR modulator therapies represents a highly significant, disease-

modifying intervention with major patient benefits (17, 42).  

 

1.7.2 Nutritional therapy 

Nutritional therapy is an essential component of clinical care for people with CF (31). 

Negative energy balance and weight loss can occur in CF due to increased energy 

requirements and decreased appetite, that can be caused by numerous factors, including 

chronic inflammation, infection, exacerbations, nutrient malabsorption and abdominal 

discomfort (43). Lung function is critically dependent on maintaining a healthy weight and 

nutritional status is recognised as an independent determinant of survival (44).  

Guidelines from the US CFF (45) and the European Cystic Fibrosis Foundation (ECFS) (46) 

provide evidence-based and expert consensus opinion recommendations on nutrition-

related care for infants, children and adults with CF. Nutritional therapy has traditionally 

emphasised the avoidance of undernutrition through high-fat and high-protein intake, to 

ensure adequate energy intake and adequate protein for growth and repair, with the 

overall aim of optimising nutritional status. An energy dense, high-fat CF diet has been an 

integral part of CF management for decades, contributing to improvements in clinical 

status and survival (47, 48).  

Early diagnosis, improved management and intensive nutritional intervention have 

significantly decreased the prevalence of undernutrition in CF however (49), and 

increasing levels of overweight and obesity are now being observed in the CF population 

as a result of the continued improvements in care (50-52). Recently, CFTR modulator 

therapy has been reported to increase weight in CF (53), and the longer-term impact of 

https://www.sciencedirect.com/topics/medicine-and-dentistry/malnutrition
https://www.sciencedirect.com/topics/medicine-and-dentistry/caloric-intake
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these new therapy options on nutritional status remains to be seen. The historical 

emphasis of CF nutritional management on promoting weight gain to optimise clinical 

status may need to be re-evaluated to ensure that dietary therapy is appropriate for the 

contemporary CF population.  

 

1.7.2.1 Nutritional status 

The main aims of CF nutritional therapy are to achieve normal growth, development, and 

nutritional status, and to maintain this throughout life. Undernutrition in childhood 

results in stunted growth and development (54) and is associated with lower lung function 

in later childhood, and decreased survival (44, 55).  

 

Nutritional status of the CF population has been improving over the past 20 years 

however, and the introduction of new-born screening has played an important role in this 

(56). New-born screening became widely available in the USA from 2001 to 2010. It was 

introduced in Scotland in 2003, and in the rest of the UK in 2007. Early CF diagnosis allows 

for intensive nutritional intervention to be initiated in the first year of life, thereby 

increasing the potential to optimise nutritional status. This has proved to be a major 

contributor to improvements in long-term survival and decreased morbidity (57-62). A 

body mass index (BMI) ≥50th percentile is advised for children and young people (2–20 

years), and for adults with CF a BMI ≥22 kgm-2 for women and ≥23 kgm-2 for men is 

recommended (45). These goals, based on analysis of CFF Patient Registry data, are 

associated with optimal lung function measures (forced expiratory volume in 1 second; 

FEV1) (45). Data from the most recent (2020) UK Cystic Fibrosis Trust annual data report 

(2) demonstrate achievement of these BMI recommendations in the UK CF population; 

median BMI percentile in children was 56.4; median adult female BMI=22.5 kgm-2, median 

adult male BMI=23.5 kgm-2 (Figure 1.3). 

 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/critical-flicker-fusion
https://www.sciencedirect.com/topics/medicine-and-dentistry/patient-registry
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Figure 1.3: Median BMI by age  
 

 
Source: Cystic Fibrosis Trust annual data report 2020 (2)  

 

1.7.2.2 Nutritional requirements 

As in any clinical group, individuals vary in their specific nutritional needs and CF dietary 

management must be tailored to meet these needs. Country-specific CF dietary guidelines 

exist, which set out the full range of nutritional requirements for people with CF at 

different life stages (45, 46, 63-66). These guidelines tend to reflect national practice, 

which varies from country to country (67), and it is recognised that a consistency of 

approach is needed in this vulnerable population (64, 68). A summary of the European, 

USA and Australian and New Zealand energy and macronutrient recommendations is 

presented in Table 1.1 and the European recommendations for energy and the key 

nutrients of relevance in CF management are described in detail below.    
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Table 1.1: Nutritional management of CF - energy and macronutrient recommendations 

 European (46, 69) USA  (45) 
Australia and New 
Zealand (65, 66) 

Energy 
110-200% of 
general population 
target EI 

110-200% of general 
population target EI if >2 yrs 
old 

110-200% 

Fat 

 

35%-40% EI 

No restriction on 
type of fat 

35-40% TEI 
>100g/day if over 
5 years of age  

Protein 20% EI 

2-3 yrs: ≥13g/day;  

4-5 yrs: ≥ 19 g/day; 

2-5 yrs at high nutritional risk: 
110%-120% EI, with increments 
of 10-20% until 200%  

15-20% 

Carbohydrates 45-50% EI 
Individualised but monitored to 
achieve glycaemic control 

As required to 
meet energy 
requirements 

EI: Energy intake         

 

Energy 

Energy requirements vary widely between people with CF; they are dependent on a range 

of factors including age, gender, nutritional status, degree of malabsorption, lung 

function, level of chronic inflammation and presence of acute respiratory exacerbations 

(46). CF energy needs are estimated to be between 110%-200% of the estimated average 

requirement (EAR) for healthy individuals of the same age and gender (45, 69), and 

individualised dietary assessment is key. 

 

Fat 

Dietary fats are an efficient energy source, and a high fat diet enables the increased 

energy requirements of CF to be met more easily. Fat is therefore a critical nutrient in CF, 

https://www.sciencedirect.com/topics/medicine-and-dentistry/chronic-inflammation
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despite the fat malabsorption caused by pancreatic insufficiency. A higher proportion of 

fat is recommended for people with CF; UK population dietary guidelines advise a 

maximum of 35% of total energy from fat (with saturated fat comprising no more than 

11%), while CF guidelines recommend 35%–40% of total daily calories from fat (46, 70). 

According to the World Health Organisation (WHO) recommendations, the intake of 

saturated fat for the general population should be less than 10% (71), but no restrictions 

are currently placed on the types of fat consumed in CF. Concerns related to 

increased saturated fat intake in the energy dense CF diet have been acknowledged (46, 

72). The long-term consequences of high-energy, nutrient-poor diets in people with CF 

are currently unknown, but the risks of cardiovascular disease and other conditions 

associated with the high consumption of saturated fatty acids may increase with 

improvements in survival (73, 74). Achieving a balanced and healthy diet is therefore 

becoming increasingly important in CF, and the use of poly- and mono-unsaturated fats as 

the predominant fat sources is recommended in contemporary CF nutritional 

management (46, 75).   

 

Protein 

Protein is a vital nutrient to ensure provision of essential amino acids and maintenance 

and repair of bodily structures and functions (76). Adequate protein intake is known to 

reduce muscle and bone mineral loss and is associated with improved survival in CF (77). 

However, protein digestion and absorption is negatively affected in CF; faecal loss of up 

to 50% of consumed protein has been recorded (78). Pancreatic enzyme replacement 

therapy (PERT) significantly improves absorption, but does not fully correct it, resulting in 

protein malabsorption. Protein needs are therefore likely to be higher in CF but currently 

there are no evidence-based recommendations available for daily protein requirements 

for people with CF (45, 77). The UK population dietary guidelines recommend 15% of total 

energy from protein (79, 80), and CF expert consensus opinion guidelines recommend 

20% of total energy intake from protein (46, 81). This is consistent with protein intake 

needs for individuals with other inflammatory diseases (77). Published data suggests that 

protein intake is positively correlated with energy intake, and it is generally assumed that 

https://www.sciencedirect.com/topics/medicine-and-dentistry/polyunsaturated-fatty-acid
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protein provision is adequate if the elevated energy requirements of CF are achieved (68, 

75, 82). This may not be the case if a poor quality diet is being consumed however, and 

further research is needed to develop guidelines for optimal protein intake in CF (46, 77). 

 

Carbohydrate 

The focus of CF dietary therapy has traditionally been on high-fat and high-protein intakes 

and less emphasis has been placed on carbohydrate intake (83). Carbohydrate 

recommendations for CF are 45%–50% of total energy intake (46, 84), which is similar to 

the UK population dietary guidelines (50% of total energy from carbohydrate) (79, 80). 

Current CF guidance recommends that daily intake of carbohydrates should generally not 

be restricted in CF, particularly in individuals who are struggling to meet nutritional goals 

or who are underweight, but it is advised that the intake of highly refined sugars, 

particularly sugary beverages, should be limited in quantity and consumed only with 

meals (45, 70). 

 

Vitamins 

Fat malabsorption means people with CF are at risk of fat-soluble vitamin deficiencies 

(vitamins A, D, E, K). Vitamin A is involved in immune function, lung, and bone health; 

vitamin D plays important roles in bone health and has immune and anti-inflammatory 

functions; vitamin E compounds function as antioxidants; and vitamin K is an essential 

factor in blood coagulation and bone metabolism (85, 86). Optimising fat-soluble vitamin 

status in people with CF is an important clinical goal and daily supplementation is standard 

practice in CF care (46).  

 

Sodium 

CFTR dysfunction results in disturbed reabsorption of sodium and chloride, causing 

increased losses in sweat. This increases the risk of electrolyte imbalance, such as 

hyponatremia, in people with CF (87). A high salt diet is recommended to replace these 

losses and sodium intake in CF should be adapted to age of the individual, and to losses 

https://www.sciencedirect.com/topics/medicine-and-dentistry/carbohydrate-intake
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through sweat, for example, during exercise (88). Currently there is a lack of evidence to 

enable specific individual recommendations to be formulated and international 

guidelines vary in their recommendations (46, 63, 65, 88).  

 

1.7.2.3 Pancreatic enzyme replacement therapy 

Pancreatic insufficiency can lead to significant energy losses (steatorrhea) and vitamin 

deficiencies. Oral PERT is a long-established treatment for malabsorption due to 

pancreatic insufficiency (28, 89, 90), and has been shown to be safe and effective for 

improving nutritional status in people with CF (91). Currently all PERT formulations are 

derived from porcine origin (92) and the majority of preparations are available as enteric 

coated microspheres, presented in capsules of differing doses (91). The enteric coating 

prevents the enzymes from being denatured in the stomach by gastric acid; instead the 

coating dissolves in the duodenum, thereby delivering the enzymes to their intended site 

of action (93). PERT dosing is based on the fat content of a meal or snack; individuals are 

taught how to adjust doses according to the amount of food consumed and how to 

distribute a dose throughout an eating episode to ensure even coverage. The response to 

PERT can vary significantly between individuals and finding the ideal dose is often an 

iterative process. Fibrosing colonopathy is a severe intestinal fibrotic process that is 

associated with very high doses of PERT in CF patients however (94), and care must be 

taken to avoid exceeding the maximum recommended doses (95). Provision of 

appropriate PERT is critical for normal growth and development in children with CF, and 

for maintenance of weight in adults with CF (31, 91).  

 

1.7.3 Treatment burden  

CF is a multisystem disease and its burden of care can be considerable (96, 97). As outlined 

above, CF management involves multiple therapies and requires adherence to complex 

and time-consuming daily treatment regimens, which often have considerable impact on 

daily activities and can represent a significant treatment burden (98). A USA study 

reported the mean time spent on treatments per day was 108 minutes when people with 

https://www.sciencedirect.com/topics/medicine-and-dentistry/growth-development-and-aging
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CF adhered to their prescriptions (97). Variable adherence to CF treatments is reported, 

with studies indicating a 30%–70% adherence in adults (99-101), which is similar to other 

chronic diseases (100), and overall adherence below 50% in children (aged 6-13 years) 

(102). Adherence is a complex issue (103) and the longevity and complexity of CF and its 

management strategies have been highlighted as major determinants of therapeutic 

adherence (104). 

 

1.8 Dysglycaemia in cystic fibrosis 

Dysglycaemia is an increasingly important complication of CF as longevity increases (3). 

The first phase insulin response is impaired in dysglycaemia in CF, which delays and 

reduces the amount of insulin released in response to an oral glucose load (105). 

Progressive deterioration of pancreatic β-cell function ultimately causes insulin deficiency 

(106, 107). Insulin deficiency has a detrimental impact on glucose metabolism and 

nutritional status, leading to a catabolic state with excessive protein and fat breakdown, 

reduced protein synthesis and nutritional losses related to glycosuria. In addition, glucose 

tolerance is also modified by factors that cause varying degrees of insulin resistance, such 

as recurrent respiratory infections, inflammation and corticosteroid use (108). 

With varying severity of pancreatic damage, a spectrum of progressive glucose 

abnormalities occurs in CF. The clinical definitions of the recognised glucose tolerance 

categories are presented in Table 1.2. These classifications are based on one- and two-

hour plasma glucose concentrations during a standard 75g oral glucose tolerance test 

(OGTT). 

Impaired glucose tolerance (IGT) affects approximately 20% of 10-year olds with CF and 

82% of the CF population by the age of 30 (109). Early abnormalities in glucose tolerance 

contribute to deterioration in clinical status, and progressive pulmonary and nutritional 

decline may precede the diagnosis of CFRD by several years (110-112). The rate of decline 

in lung function has been shown to be directly proportional to the degree of glucose 

intolerance and insulin deficiency (113). 



38 

 

Table 1.2: Glucose tolerance categories 

Category 
Fasting glucose 

(mmol/L) 

1-h glucose  

(mmol/L) 

2-h glucose  

(mmol/L) 

Normal glucose tolerance (NGT) <5.6 <11.1 <7.8 

Impaired fasting glucose (IFG) 5.6-6.9 <11.1 <7.8 

Impaired glucose tolerance (IGT) <7.0 <11.1 7.8-11.0 

Indeterminate (INDET) <7.0 >11.1 <7.8 

Cystic fibrosis-related diabetes 
(CFRD)  

≥7.0 N/A ≥11.1 

Adapted from Hubert 2015  (114)  

 

Indeterminate glycaemia (INDET) is the term used to describe a 1-hour elevated glucose 

level of >11.1mmol/L when baseline and 2-hour glucose are normal, measured by OGTT. 

INDET has recently been recognised in CFRD clinical care guidelines (70); it may be 

associated with early onset CFRD, but the long-term clinical significance of INDET is 

currently unclear (115).  

 

1.8.1 Cystic fibrosis-related diabetes 

Diabetes is a metabolic disorder resulting from a defect in insulin secretion, action, or 

both (116). Impaired insulin response results in chronic hyperglycaemia with disturbances 

of carbohydrate, fat and protein metabolism (117). CFRD is a distinct form of diabetes 

that shares features of both Type 1 diabetes (insulin deficiency) and Type 2 diabetes 

(insulin resistance). The key characteristics of CFRD and Type 1 and Type 2 diabetes are 

presented in Table 1.3. Defective insulin secretion is a recognized feature of CFRD, but its 

pathophysiology is complex and not fully understood (Figure 1.4) (118). It occurs in 

association with pancreatic insufficiency and is characterized by insulin deficiency 

secondary to pancreatic β‐cell destruction (119), but fluctuating levels of insulin 

resistance also play a role and can cause hyperglycaemia to develop at any time (112).  
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Table 1.3: Characteristics of CFRD, Type 1 and Type 2 diabetes 
 

CFRD Type 1 diabetes Type 2 diabetes 

Onset Insidious Acute Insidious 

Peak age of onset Mainly young 
adults 

Mainly children and 
adolescents Mainly adults 

Islet specific antibody 
presence Rare Yes No 

Insulin secretion 
Severely 
decreased but 
not absent 

Decreased to absent Increased then 
gradually decreased 

Insulin sensitivity Somewhat 
decreased Normal Severely decreased 

Treatment Insulin Insulin Diet, insulin, oral 
medications 

Propensity to ketoacidosis Rare Yes Rare 

Dietary recommendations Energy dense 
diet 

Carbohydrate 
counting. Balanced 
diet for normal 
growth 

Monitor 
carbohydrates and 
calories to promote 
weight loss 

Macrovascular complication No Yes Yes 

Microvascular complication Yes Yes Yes 

Cause of death Pulmonary 
disease 

Cardiovascular 
disease and 
nephropathy 

Cardiovascular 
disease 

Adapted from Moran et al 2010 (120) 
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Figure 1.4: The complex pathogenesis associated with CFRD            

 

Source: Granados et al, 2019 (112)
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CFRD is associated with increasing age, affecting approximately 20% of adolescents and 

up to half of adults with CF aged over 40 years (Figure 1.5) (120, 121). It is typically 

diagnosed in late adolescence or early adulthood, with a median age of onset of 20 years 

(36, 118, 121),  but youth does not preclude a diagnosis and it can present at any age 

(122). Other risk factors associated with development of CFRD include more severe CFTR 

genotypes and female sex; about 80% of those with severe mutations have CFRD after 

the age of 40, with a higher prevalence in women (123).  

 

Figure 1.5: Prevalence of CFRD by age 

 

 Source: Granados et al, 2019 (112) 

 

1.8.2 Clinical implications of cystic fibrosis-related diabetes 

The combination of CF and diabetes is associated with increased mortality and morbidity 

(112). Up to a six-fold increase in mortality has been reported, caused by the detrimental 

effects of hyperglycaemia on lung function and nutritional status (123-126). For reasons 

that are not well understood, females with CFRD are particularly vulnerable; the decline 

in lung function associated with established CFRD can be as much as 20% in females but 

not males (126-128). 
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Microvascular disease is a significant chronic complication related to the duration of CFRD 

and glycaemic control, although the prevalence of retinopathy and nephropathy is 

thought to be lower than in other forms of diabetes (129, 130). In contrast to Type 1 and 

Type 2 diabetes, macrovascular disease is uncommon in CFRD (131, 132), but with 

improved life expectancy, macrovascular complications may become more prevalent in 

the CF population (133). There is growing evidence of spontaneous hypoglycaemia in CF, 

which occurs in the absence of any glucose lowering medication and may be related to 

inadequate food intake and delayed, and then amplified, insulin secretion (134, 135).  

 

1.8.3 Clinical management of cystic fibrosis-related diabetes 

CFRD clinical care consensus guidelines have been collaboratively produced by the US CFF, 

the American Diabetes Association and the Paediatric Endocrine Society, providing 

recommendations for screening, diagnosis and medical management of CFRD (70).  

 

1.8.3.1 CFRD screening  

Detecting CFRD can be challenging as it is often clinically silent. Early diagnosis and 

optimisation of glycaemic control are needed to improve clinical status and survival, and 

therefore annual screening using OGTT is recommended from 10 years of age (70, 136). 

CFRD clinical care guidelines (70) recommend performing the OGTT using the WHO 

protocol, which involves the consumption of 1.75g/kg glucose dissolved in water 

(maximum dose 75g), during a period of stable baseline health (137) . Glucose levels are 

measured at baseline and 2-hours. Despite variability of the OGTT, there is evidence that 

a CFRD diagnosis by OGTT correlates with clinically important CF outcomes (138). 

However, the OGTT is time-consuming, inconvenient for the patient as overnight fasting 

is required, and a single OGTT result may be misleading as glucose tolerance is variable in 

the CF population. Considering these limitations, other methods, including glycated 

haemoglobin and continuous glucose monitoring, have been trialled to screen for CFRD, 

with variable results. Glycated haemoglobin (HbA1c) reflects blood glucose control over 

the preceding 2-3 months and is a widely used clinical measure of glycaemic control (66). 
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HbA1c is used for monitoring purposes in CFRD as an overall assessment of glycaemia, but 

it does not correlate with mean blood glucose readings in CF (139), and levels are often 

falsely low due to increased red blood cell turnover in CF caused by chronic hypoxia (131). 

Elevated HbA1c is therefore not recommended as a screening test for CFRD (70). 

Continuous glucose monitoring (CGM) has been proposed as an alternative validated tool 

to screen for CFRD (140-143); it records interstitial fluid glucose levels every 5 minutes for 

up to 6 consecutive days, generating detailed glycaemia assessments of usual diet and 

activity profiles. CGM technology shows promise to detect glucose metabolism 

derangements in CF but further research is needed to establish the measures and 

thresholds that correlate with important clinical outcomes, and to inform the 

development of CF-specific CGM guidance (144).    

 

1.8.3.2 CFRD diagnosis 

Prompt diagnosis and aggressive management of glucose abnormalities are required to 

improve life expectancy, as optimising glycaemic control is known to improve clinical 

status and reduces mortality in CFRD (36, 122). Detecting CFRD can be challenging 

however, as the initial presentation is often clinically silent; the classical symptoms of 

polyuria and polydipsia that are common in other forms of diabetes have been reported 

to occur in only 33% of people with CFRD (131).  

During periods of stable health, CFRD can be diagnosed using the same criteria as for 

other forms of diabetes, but testing should be conducted on two separate days (70, 

145). Diagnosis criteria are defined in Table 1.4 (146, 147). There is currently insufficient 

evidence available to determine whether more stringent diagnostic thresholds are 

needed for the CF population given the negative impact of CFRD on clinical status (70). 

The current clinical care guidelines for CFRD include guidance to aid the diagnosis of CFRD 

during periods of clinical instability, acute exacerbations, pregnancy and enteral feeding 

(70).  
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Table 1.4: CFRD diagnostic criteria 
Test Diagnostic criteria 

2-hr OGTT ≥11.1mmol/l (≥200 mg/dl) 

Fasting plasma 

glucose 
≥7.0 mmol/l (≥126 mg/dl)  

Random plasma 

glucose 
≥11.1 mmol/l (≥200 mg/dl) + classical symptoms of diabetes (polyuria, 
polydipsia)  

 HbA1c 

 

≥6.5% (≥48 mmol/mol) 

N.B. <6.5%/<48mmol/mol does not rule out CFRD: HbA1c is often low 
in CF 

Adapted from North American CF Consensus Committee 2010 (70) 

 

1.8.3.3 CFRD medical management 

Insulin therapy has demonstrated improvements in glycaemic control, nutritional status, 

pulmonary function and survival in CF (148-152), and it is the only medical treatment that 

is currently recommended in the management of CFRD (70). There is little evidence for 

the superiority of any specific insulin regimen (153); options for insulin therapy delivery 

that are commonly used in CFRD management include basal insulin alone, meal coverage 

alone, and multiple daily injections (MDI), which include a long-acting basal insulin in 

combination with meal coverage (136).  

 

Use of diabetes technologies such as continuous subcutaneous insulin infusion (insulin 

pump therapy) and CGM systems, which are associated with improvements in glycaemic 

control in Type 1 diabetes, is low in the CFRD community (154, 155). Improvements in 

body weight and lean body mass have been demonstrated in people with CFRD when 

insulin is delivered via insulin pump rather than MDI (156), but despite the potential 

advantages, insulin pumps are rarely used for reasons that are unclear (154, 155). 

Hypoglycaemia is an important acute complication occurring in insulin treated CFRD, 

although severe hypoglycaemia may be less common (157).  
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CFRD should be managed by a multidisciplinary team (MDT) of healthcare professionals 

(HCPs) with expertise in both CF and diabetes (158), and clinical judgement of the MDT 

should be used to identify the most appropriate insulin regimen based on an individual’s 

clinical and nutritional status, and their level of understanding.  

While insulin therapy is the primary means of controlling glycaemia in CFRD, evidence is 

lacking on how best to manage dysglycaemia before CFRD is diagnosed (35, 70). The 

development of diabetes represents the onset of a second chronic disease, adding to the 

complexity of the daily CF treatment regimen. Insulin treatment for impaired glucose 

tolerance (IGT) is controversial as it increases patient burden but it is not yet known 

whether early initiation of insulin reduces morbidity and mortality in the longer term (35). 

No guidelines currently provide recommendations for prevention of progression of IGT to 

CFRD, and determining the optimal therapy for the pre-diabetes state is regarded as an 

urgent priority by the US CFF, the American Diabetes Association and the Paediatric 

Endocrine Society (70). 

 

1.8.3.4 CFRD dietary management  

Dietary management of CFRD aims to normalise blood glucose levels, whilst also meeting 

the increased energy requirements of CF to achieve and maintain good nutritional status 

(64). The dietary recommendations for CFRD and for Type 1 and Type 2 diabetes are 

presented in Table 1.5.  

To date, CF dietary therapy has primarily focused on high-energy diets with education 

recommending high fat intakes and no restriction of carbohydrate (45, 46). This is 

contrary to the low-refined carbohydrate, low-fat diet advocated for non-CF diabetes 

management (159). Any conflicts between dietary therapy of CF and diabetes should 

generally be resolved in favour of the energy dense, carbohydrate-rich CF diet to ensure 

that energy balance and consequently adequate BMI is maintained (153), but high refined 

carbohydrate intakes often results in detrimental hyperglycaemia in people with CF who 

have abnormal glucose tolerance (160).  
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There is limited evidence to guide dietary therapy for dysglycaemia in CF; there are no 

meta-analyses of dietary interventions in CFRD (161) and current guidelines are based on 

clinical expert opinion consensus (122, 162). As there is no evidence specific to the dietary 

management of people with CF with dysglycaemia, standard CF nutritional 

recommendations are frequently applied (35, 70).   

Carbohydrate is the primary macronutrient responsible for postprandial hyperglycaemia 

(160) and therefore dietary intervention with an emphasis on carbohydrate intake should 

be explored, as manipulating carbohydrate intake may have a role in managing 

dysglycaemia in CF. 

 

1.8.3.5 Low glycaemic index diets for diabetes management 

The GI is a measure of carbohydrate quality that numerically classifies carbohydrate-

containing foods based on their postprandial effect on blood glucose levels (163). The GI 

was designed to classify carbohydrates based on their physiological response rather than 

on their chemical structure (i.e., simple sugars and complex carbohydrates). Foods that 

have high GI values are rapidly absorbed by the body and cause high blood glucose levels 

after consumption, while foods with low GI values are absorbed more slowly, and 

produce lower and slower postprandial blood glucose excursions (163, 164) (Figure 

1.6). The glycaemic response to a food is also affected by other factors, including the 

method of cooking or processing, the degree of ripeness, the overall meal or snack size 

and the effect of other foods eaten at the same time (165, 166). Glycaemic load (GL) 

extends the concept of GI by considering the quantity of carbohydrate in a food, or meal, 

along with the quality. GL is the product of carbohydrate content and the GI value, and it 

has been shown to be a strong predictor of postprandial glycaemia and insulinaemia 

(167). 

Low GI dietary intervention has demonstrated benefit in non-CF forms of diabetes, 

including improved insulin sensitivity, glycaemia and quality of life in both Type 1 and 

Type 2 diabetes (117) and low GI diets are recommended as part of dietary management 

of these conditions (145, 159).  
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Table 1.5: Dietary recommendations for CFRD and Type 1 and Type 2 diabetes  

Nutrient 

Type 1 diabetes and Type 2 

diabetes CFRD 

Energy ≤100% of normal for age and 
gender 
Monitor/restrict energy 
intake to prevent overweight 

110%-200% of EAR for healthy 
individuals of same age and gender 
to prevent underweight 

Fat <35% of total energy  
Limit saturated fat to <11% 
total energy 

35%–40% total energy for weight 
maintenance 
No restriction on type of fat 

Protein 15% of total energy; not > 
1g/kg body weight  

20% of total energy 

Carbohydrate 45%-50% of total energy 
Individualised; carbohydrate 
intake should be monitored to 
achieve good glycaemic 
control 
Non-nutritive sweeteners are 
safe within established 
consumption guidelines 
Low GI diet recommended 
(117) 

45%-50% total energy 
Individualised; carbohydrate intake 
should be monitored to achieve 
good glycaemic control 
Non-nutritive sweeteners should be 
used sparingly due to lower energy 
content 
Highly refined simple sugars, 
particularly sugary beverages, 
should be limited in quantity and 
consumed only with meals 

Salt Low intake, ≤6 g/day  Liberal intake, especially in warm 
weather and/or when exercising 

Vitamins No supplementation 
necessary unless deficiency 
noted 

Routine supplementation with 
additional fat-soluble vitamins A, D, 
E, and K 

IGT Weight loss of 5%–10% if 
overweight/obese 

No weight loss. Spread 
carbohydrates throughout the day 

Adapted from Kaminski et al, 2019 (56) 
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Figure 1.6: Comparison of the effect of high and low glycaemic index foods on plasma glucose 
concentrations over 2 hours in individuals with normal glucose tolerance 

 

  

Source: Balzer et al, 2015 (83) 

 

 

1.9 Rationale for current research 

Further research is needed to improve understanding in relation to the dietary 

management of dysglycaemia in CF. Manipulating intake of dietary carbohydrate to 

reduce dietary GI or GL could offer potential benefit to individuals with CF and 

dysglycaemia, by preventing marked postprandial glucose and insulin excursions, which 

may help to reduce β-cell stress and preserve pancreatic function, and consequently may 

prevent or delay the development of CFRD.  

  

  



C HAPTER 2 .  SYSTEMATIC  REV IEW : DIETA RY 

IN TERV EN TION S FOR M AN AG IN G  

DYSG LYC AEMIA IN  C YSTIC  F IBROSIS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 50 

2.1 Chapter overview 

This chapter presents a systematic review of the literature related to dietary interventions 

for managing dysglycaemia in CF.  

 

2.2 Introduction 

Glucose dysmetabolism is common in CF and a spectrum of progressive glucose 

abnormalities occur. Glucose tolerance deteriorates over time due to impaired insulin 

secretion, caused by gradual pancreatic β-cell destruction, but variable glucose tolerance 

can also occur at any time, as acute exacerbations can cause hyperglycaemia related to 

fluctuating insulin sensitivity (131, 168). Progressive impaired glucose tolerance (IGT) 

eventually leads to the development of CF-related diabetes (CFRD) (169). 

 

Optimising glycaemic control improves clinical status and reduces mortality in CF (36, 

122). Insulin therapy is the primary means of controlling glycaemia in CFRD (70) but the 

use of insulin to manage IGT is controversial as it would increase patient burden and there 

are no definitive data on its use in the context of IGT (35).  The management of glucose 

abnormalities in CF has been identified as a high-priority research question (119), but to 

date there has been little research on dietary therapy. Management of dysglycaemia in 

CF aims to achieve and maintain optimal nutritional status and glycaemia (64, 169), but a 

lack of evidence based dietary guidance means that standard CF nutritional guidelines are 

frequently applied (35, 70).  
 

2.2.1 Low glycaemic index dietary intervention 

Low GI dietary interventions have demonstrated benefits in non-CF forms of diabetes 

(117), and low GI diets are now recommended as part of the dietary management of Type 

1 and Type 2 diabetes (145, 159). Importantly, ease of implementing and complying with 

a low GI diet has been reported in people with non-CF diabetes (170-172). Dietary GI 

manipulation could offer potential benefit to people with CF and dysglycaemia by 
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preventing marked postprandial glucose excursions which could help to reduce β-cell 

stress and preserve pancreatic function, without unacceptably adding to their treatment 

burden.  

Low GI carbohydrate foods have been positively associated with satiety and reductions in 

subsequent energy intake however (173), and this is not consistent with the dietary aims 

of CF management. Energy needs in CF are estimated to be between 110%-200% of the 

EAR for healthy individuals of the same age and gender (45). Any dietary intervention 

must be able to incorporate the specific CF aim of optimising nutritional status, in addition 

to achieving good glycaemic control.  

Whilst carbohydrate is the macronutrient that predominately influences postprandial 

glycaemia, dietary protein and fats also affect the glycaemic response (160); protein 

increases insulin secretion when ingested with carbohydrate, which increases glucose 

clearance from the blood (174), and fat slows gastric emptying and glucose absorption, 

blunting the postprandial glycaemic response (175, 176). Combining high GI foods with 

dietary fat or protein, or both, therefore lowers the overall GI (177), and this approach 

may help to improve glycaemic control in people with CF whilst ensuring sufficient energy 

intake to optimise their nutritional status.  

A previously published systematic review that assessed the evidence for low GI dietary 

interventions in people with CF concluded that whilst low GI diets are theoretically 

attractive, there is a dearth of evidence in this area, and further scientific study in relation 

to the clinical utility of a low GI diet to improve glycaemic control in CF was recommended 

(178). 

 

2.2.2 Carbohydrate counting 

Carbohydrate counting is another established dietary intervention to achieve optimal 

postprandial blood glucose levels in the management of non-CF diabetes (145, 159, 179). 

Carbohydrate counting is a method of estimating the grams of carbohydrate consumed 

at meals and snacks; it focuses on the total amount of carbohydrate consumed and its 

effect on the postprandial glycaemic response, rather than the source or type of 
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carbohydrate. Two levels of carbohydrate counting have been defined; a basic and an 

advanced level (180). Basic carbohydrate counting aims to increase carbohydrate 

awareness to improve overall glycaemic control. Advanced carbohydrate counting is used 

by individuals on insulin therapy; it builds on basic carbohydrate counting and 

involves counting the number of grams or portions of carbohydrate eaten and 

using insulin-to-carbohydrate ratios to calculate insulin doses.  

Whilst carbohydrate counting is a frequently used nutritional strategy for managing 

glycaemia in non-CF diabetes (179), its use in the management of CFRD is largely unknown 

at present. The current CFRD clinical care guidelines propose that the use of carbohydrate 

counting to guide insulin doses in people with insulin treated CFRD may assist with 

achieving optimal postprandial blood glucose levels (70), but evidence is lacking. 

 

2.3 Review objective 

The objective of this review was to systematically review the scientific literature to assess 

the evidence for dietary interventions for managing dysglycaemia in people who have CF.   

 

2.4 Methods 

This systematic review was conducted in accordance with the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (181). The review is 

registered on PROSPERO International prospective register of systematic reviews 

(www.crd.york.ac.uk/prospero/); registration number: CRD42018085569 and an open-

access protocol paper has been published (182).  

 

2.4.1 Review update 

Reviews provide a snapshot of the evidence available at the time the review was 

undertaken. This systematic review was originally conducted in 2019. An iterative process 

of regularly updating reviews is recommended to ensure that the latest research is 

http://www.crd.york.ac.uk/prospero/
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captured (183). This chapter presents an update of the original systematic review; this 

update was conducted in October 2021.  

A Cochrane Review proposal was prepared and submitted by the researcher and was 

approved by the Cochrane Cystic Fibrosis and Genetic Disorders group editorial board. The 

researcher then prepared a Cochrane Review protocol, entitled 'Dietary interventions for 

managing glucose abnormalities in people with cystic fibrosis', which updates the earlier 

published systematic review protocol (182). At the time of thesis production (April 2022), 

the Cochrane Review protocol had been accepted for publication in the Cochrane 

Database of Systematic Reviews (CDSR) in the Cochrane Library (Appendix 2.1). The 

researcher is working collaboratively with the Cochrane Cystic Fibrosis and Genetic 

Disorders group and the NIHR Bristol BRC systematic reviewer, Dr Rachel Perry, to revise 

and reformat the review in line with Cochrane Review requirements to facilitate 

publication of the review in the CDSR in the Cochrane library. 

 

2.4.2 Deviations from protocol 

Two amendments to the review were introduced after the original protocol paper was 

published (182); it was originally stated that searches would be conducted from 2000 

onwards to reflect the evolving improvements in CF management. However, searches for 

studies should be as extensive as possible to reduce the risk of publication bias and to 

identify as much relevant evidence as possible (184). To ensure the search for this review 

was extensive as possible, all databases were searched from their inception to September 

2021. The original protocol paper also detailed ‘standard CF dietary therapy plus insulin 

therapy for individuals with CFRD’ as a comparator and was amended to ‘standard CF 

dietary therapy plus existing insulin therapy for individuals with CFRD’. 

 

2.4.3 Eligibility criteria 

Exclusion and inclusion criteria were defined based on the Population, Intervention, 

Comparator, Outcomes and Study design (PICOS) framework presented in Table 2.1: 
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Table 2.1: PICOS criteria for inclusion and exclusion of studies 

Population 

Individuals ≥5 y with CF and IGT or CFRD (definitions in Appendix 2.2). No 
restrictions on upper age, gender, CF mutation or other demographics  

Pregnant women and people with CF post lung transplant excluded. Individuals 
attending out-patient and community settings only; studies solely involving in-
patient care excluded  

Intervention 
Any dietary intervention (e.g., low GI diet, carbohydrate counting) to manage 
dysglycaemia in CF, with or without the use of insulin therapy; ≥ 2-month 
duration 

Comparator 
Standard CF dietary therapy (energy dense, high-fat diet) for individuals with 
IGT; Standard CF dietary therapy plus existing insulin therapy for individuals 
with CFRD 

Outcomes 

Primary  
Glycaemia before and after dietary intervention (measured by OGTT, HbA1c or 
percentage of CGM time >7.8 mmol/L (110))   
Secondary  
Nutritional status:  

• weight (kg or weight-for-age percentile for children and adolescents) 
• Body mass index (BMI) (kg/m2) or BMI standard deviation score (BMI-SDS) 

for children and adolescents) 
Lung function:  

• forced expiratory volume in one second (FEV1) % predicted, FEV1L 
• forced vital capacity (FVC) 

 
Adverse events  
Acceptability of dietary intervention: 

• burden of treatment (measured using a standardised scale e.g. the 
Treatment Satisfaction Questionnaire for Medication in people with CF 
(185)) 

• self-efficacy (as measured using a standardised scale, e.g. General Self 
Efficacy Scale (186)) 

Quality of life (measured by a validated disease-specific tool, e.g. CF 
Questionnaire-Revised (CFQ-R) (187)) 

Study 
design 

RCTs, quasi-RCTs and non-randomised studies of interventions (NRSI)  
 

NRSI were included because initial scoping of the available evidence suggested 
a small number of RCTs were anticipated (188).  
 

Non-randomised experimental studies (where investigators allocate 
participants to groups being compared using a non- method) with the following 
study design features were eligible (189):   
• the intervention (and comparator) was allocated to individuals (rather than 

groups of individuals) 
• primary outcome (glycaemia) was measured in the same individuals before 

and after intervention and comparator 
• the authors attempted to control for confounding using observed covariates  
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2.4.4 Search strategy 

The following electronic databases were searched from their inception to September 

2021: AMED, Embase, MEDLINE via OVID, Web of Science, CENTRAL via Cochrane library, 

ISRCTN registry, ClinicalTrials.gov, OpenGrey. The first 20 pages of Google Scholar were 

also searched. Search strategies were developed with help from Dr Perry (NIHR Bristol 

BRC systematic reviewer). The search strategies were adapted for each database to 

accommodate differences in controlled vocabulary and syntax rules; the search strategy 

developed for the MEDLINE database is presented in Appendix 2.3 as an example. No 

restrictions were applied regarding date or language of articles. Conference abstracts 

were used to identify potential studies. Reference lists of included articles were hand 

searched to identify any additional relevant studies.  

 

2.4.5 Study selection  

The titles and abstracts of all articles retrieved in the initial search were independently 

screened for eligibility and coded by the researcher and Dr Perry. Search results were 

downloaded and managed using EndNote X9 reference management software. Full text 

versions of potentially eligible articles were retrieved and reviewed. Any discrepancies in 

screening and selection of studies were resolved by discussion between the researcher 

and Dr Perry, with a third member of the review team (Professor Julian Hamilton-Shield, 

PhD supervisor and clinician) arbitrating as required. The study selection process is 

presented in a PRISMA flow diagram in Figure 2.1.   

 

2.4.6 Data extraction  

A standardised data extraction template was used by both the researcher and Dr Perry to 

independently extract data from articles to be included in the review (Appendix 2.4). The 

template was piloted by both individuals prior to commencing the review to ensure 

consistency. The following data were extracted from each study where available:  

• study characteristics (author, country, publication year, study design, duration, 

funding, limitations, conflicts of interest) 



 56 

• sample characteristics (size, inclusion and exclusion criteria, sex, age, 

socioeconomic status) 

• dietary intervention (details of the dietary intervention and comparator(s)) 

• analysis methods 

• outcomes measures (glycaemia; nutritional status; lung function; adverse events; 

acceptability of dietary intervention; quality of life) 

 

Disagreements in opinion of extracted data between the researcher and Dr Perry were 

resolved through discussion, with Professor Hamilton-Shield arbitrating as required. 

 

2.4.7 Risk of Bias 

The risk of bias of the primary outcome measure (glycaemic control before and after 

dietary intervention) was assessed. Risk of bias was assessed using the risk of bias tool for 

randomised trials (RoB 2) (190) and the Risk Of Bias In Non-randomized Studies - of 

Interventions (ROBINS-I) tool (191). RoB 2 assesses each study on the following five 

domains: 

• Domain 1: Risk of bias arising from the randomisation process 

• Domain 2: Risk of bias due to deviations from the intended interventions 

• Domain 3: Risk of bias due to missing outcome data 

• Domain 4: Risk of bias in measurement of the outcome 

• Domain 5: Risk of bias in selection of the reported result 

 

RoB 2 uses signalling questions and algorithms to reach a proposed risk of bias judgement 

for each domain. The judgment options are low risk of bias; some concerns; or high risk of 

bias. Risk of bias judgements are mapped within domains to reach an overall risk of bias. 

The judgement options for an overall risk of bias are the same as for individual domains 

(190).  
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The ROBINS-I tool assesses risk of bias of a specific result by comparing a non-randomised 

study to a hypothetical RCT of the intervention of interest, conducted on the same 

participant group and without features putting it at risk of bias (191). The intervention 

effect of interest was the effect of assignment to intervention at baseline (intention-to-

treat). Signalling questions guide risk of bias judgements within seven domains: 

• Domain 1: Risk of bias due to confounding 

• Domain 2: Risk of bias in the selection of participants into the study 

• Domain 3: Risk of bias in classification of the intervention 

• Domain 4: Risk of bias due to deviations from intended interventions 

• Domain 5: Risk of bias due to missing outcome data 

• Domain 6: Risk of bias in measurement of the outcome  

• Domain 7: Risk of bias in selection of the reported result  

 

Overall judgements for a specific result are informed by the judgements for each domain. 

The categories for risk of bias judgements are low, moderate, serious and critical, with low 

risk being interpreted as comparable to a well performed RCT, and critical risk as too 

problematic to provide any useful evidence (191). 

Possible confounders identified as important included sex, ethnicity, age, pancreatic 

insufficiency, use of insulin and mode of insulin delivery, use of other medication for CF 

management and evidence of liver disease. Discrepancies in risk of bias judgements were 

resolved through discussion. 
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2.5 Results 

The electronic searching of the specified databases identified 9090 potentially relevant 

studies. After removing duplicates, 5620 studies were reviewed based on titles and 

abstracts against the eligibility criteria (Table 2.1). In total, 59 full text articles were 

retrieved and examined. The study selection process, presented in a PRISMA flow diagram 

(Figure 2.1), details the number of papers excluded at each stage of the review process 

and the associated reasons. 

Two studies were identified for inclusion in the review; the characteristics and results of 

these studies are presented in Tables 2.2 and 2.3, respectively. A narrative description of 

the findings from the included studies is presented. Meta-analysis was not performed as 

the studies identified for inclusion were not comparable. Excluded studies and the reason 

for exclusion are presented in Appendix 2.5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DATABASE SEARCH 

Total references retrieved = 9090 

Duplicates removed = 3470 

Titles and abstracts screened = 5620 

Full text articles retrieved = 59 

Total full text articles excluded = 
57 

Eligibility criteria not met = 36 

Conference abstract = 12 

Review = 9 

Papers identified from 
hand searching full text 
articles = 0  

Articles excluded based on title 
and abstract review = 5561 

Total articles included = 2 

Figure 2.1: PRISMA flow diagram of the study selection process 



Table 2.2: Characteristics of included studies 
Author  

year  

country 

funding 

Study design: 

sample size(n); sex(%F); 

age(mean±SD); 

ethnicity 

Inclusion/ 

exclusion criteria 

Study setting & dietary intervention 

 

Duration; 

follow-up 

1. Ntimbane (192) 
2008 

Canada 

Funding: Diabetes 
Quebec; Canadian 
Institutes for 
Health Research; Eli 
Lilly Canada Inc. 

Cohort study 

n=31  

42% F 

Age (baseline):14.0±0.2 y 

Ethnicity: not reported 

 

 

Inclusion: 

• Documented CF 
diagnosis 

• Age>10 y 
• Previously normal 

glucose metabolism 
• Follow-up by a 

collaborating 
physician 

Exclusion: 

• Medications known 
to interfere with 
glucose metabolism 

• Psychological 
problems 

• Acute/chronic illness 

Setting: Paediatric CF outpatient clinic 

Intervention: Patients with IGT at one site 
(n=9) received nutritional 
recommendations from a dietitian to 
avoid simple concentrated sugars and high 
GI foods. Patients with IGT at the second 
site (n=3) did not receive the nutritional 
recommendations 

Patients with CFRD (n=2) referred to an 
endocrinologist 

Duration of dietary 
intervention: one 
session within long 
term education 
programme. No 
definition of the 
long-term nature of 
the education 
programme 
reported. 

 

Duration of study:  

24 months 
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2. Piechowiak 
(193) 

2015 

Poland 

No funding 
reported 

Retrospective cohort study  

n=12 

67% F 

Age (baseline):12.09 ± 3.57 y 

Ethnicity: not reported 

 

Inclusion: IGT/CFRD 

 

Exclusion: Not reported 

 

 

Setting: Diabetes outpatient clinic, 
Medical University Warsaw & CF Centre, 
Institute of Mother and Child, Warsaw 

 

Intervention:  

Patients with IGT (n=7): high GI product 
restricted diet recommended. Dietary 
education delivered verbally by a dietitian 
with written leaflets as part of an 
education programme 

Patients with CFRD (n=5): insulin therapy  

Duration of dietary 
intervention: 

12 y follow-up 
(retrospective 
study) 
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Table 2.3: Results from included studies 

BMI: body mass index; CFRD: cystic fibrosis-related diabetes; FEV1: Forced expiratory volume in 1 second; FVC: forced vital capacity; GI: glycaemic index; HbA1c: glycated haemoglobin; 

IGT: impaired glucose tolerance; NGT: normal glucose tolerance; OGTT: oral glucose tolerance test 

 Glucose tolerance classification Outcome parameters Study limitations 

1 

31 participants 

Baseline: 16 NGT (52%); 13 IGT (42%); 2 CFRD (6%)  

12/13 IGT participants OGTT retested 6-24 months later. 
Of 12 retested; 75% (n=9) received nutritional 
recommendations, 25% (n=3) received no nutritional 
recommendations 

Nutritional recommendations group: 6 reverted to NGT, 1 
remained IGT, 2 developed CFRD by 12 months 

Non-nutritional recommendations group: all IGT at 6 
months and all progressed to CFRD by 12 months 

OGTT 

HbA1c  

BMI z-score  

Lung function (FEV1, FVC) 

Insulin resistance 
(HOMA) 

 

 

Small sample 

Lack of objective measures of compliance to nutritional 
recommendations 

Limited evaluation of nutritional status 

Allocation to intervention or control group by 
outpatient clinic attended 

Only 2 clinics included in the study 

2 

12 participants (baseline): IGT n=7 (58%); Mean HbA1c: 
5.6±0.6%. CFRD n=5 (42%); Mean HbA1c: 6.6±2.5% 

During follow-up: high-GI product restricted diet 
recommended to participants with IGT (n=7).  

4/7 who received dietary intervention did not require 
insulin. Mean HbA1c: 5.5±0.2 

Deterioration of glucose tolerance occurred in 3/7 IGT 
participants – commenced insulin therapy 

HbA1c 

BMI z-score 

Small sample 

Retrospective study 

Cross-over between groups. 

High probability of confounding (by indication) 



2.5.1 Paper 1: Ntimbane et al, 2008 

Oxidative stress and cystic fibrosis-related diabetes: a pilot study in children (192) 

 

This pilot cohort study investigated the relationship between oxidative stress and glucose 

metabolism in 31 individuals with CF, aged 10-18 years, across two paediatric CF centres 

in Canada. Dietary intervention was not the main focus of this trial. The aims of the 

investigation were to evaluate glucose metabolism in the sample, to determine whether 

markers of oxidative stress correlate with glucose metabolism in CF and to evaluate if 

plasma fatty acid profiles were related to markers of oxidative stress or glucose tolerance 

in CF (192). 

The average age of the sample was 14.0±0.2 years (mean±SD); 58% male (n=18) and most 

individuals had the ΔF508 homozygous CFTR mutation. The sample comprised of 52% 

individuals with NGT (n=16), 42% with IGT (n=13) and 6% with CFRD (n=2), at baseline. At 

one of the two participating centres, individuals with IGT (n=9) received a dietary 

intervention which consisted of nutritional recommendations to ‘avoid simple 

concentrated sugars and high GI foods’ ((192), p. 374). The dietary intervention was not 

provided to individuals with IGT at the second participating CF centre (n=3).  

All individuals classified as having IGT underwent a repeat OGTT at 6-24 months; one 

participant with IGT was excluded from the study as they transitioned to adult care during 

follow-up. In the OGTT retested group (n=12), all three participants who did not receive 

nutritional recommendations remained IGT at 6 months follow-up and had developed 

CFRD by 12 months. However, of the nine participants who received the dietary 

intervention, one remained IGT (11%), two progressed to CFRD (22%) and six subjects had 

normalized their glucose levels to NGT by between 6-12 months (67%). 

No further details of the dietary intervention were reported in the published manuscript. 

The researcher emailed the study authors requesting additional details. They advised via 

return email that the nutritional recommendations were delivered verbally, by a dietitian, 

in one information session, as part of a long-term education programme. No further 

details of the education programme, or definition of its long-term nature, were provided. 
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The authors confirmed that no specific targets or goals were set or recorded, and that 

adherence to, and acceptability of, the dietary intervention were not assessed.  

2.5.2 Paper 2: Piechowiak et al, 2015 

The course of glucose intolerance in children with cystic fibrosis: a retrospective study - 
preliminary report (193) 

This study presents the results from a retrospective evaluation of abnormal glucose 

tolerance in children with CF in Poland. Analysis of the medical records from 2002-2014 

of 12 children (eight female, mean±SD age at baseline: 12.1±3.6 years) with CF and 

pancreatic insufficiency was conducted. Diabetes control was assessed through 

retrospective HbA1c analysis, and the method of treatment of dysglycaemia, use of 

corticosteroids, clinical status, BMI z-score, CF genotype and other co-morbidities were 

recorded.  

Mean±SD HbA1c of the sample was 6.2±1.8% at baseline and 6.0±1.1% at follow-up. IGT 

or CFRD was diagnosed based on an OGTT. Five of the 12 individuals (42%) had CFRD. 

Seven of the participants (58%) were diagnosed with IGT and, during the 12-year follow-

up, four of these individuals (57%) developed CFRD. The mean age at the time of diagnosis 

of dysglycaemia was 13.0±3.7 years for females and 10.2±2.7 years for males. The five 

children who had CFRD were treated with insulin therapy. Three of the seven children 

with IGT, who were initially recommended the dietary intervention, started insulin 

therapy during the 12-year follow-up period due to further decline in their glycaemic 

control. No details were provided on when insulin therapy commenced.  

The dietary intervention described was a ‘high-GI product restricted diet’ ((193), p. 82)  

and this was recommended to the seven children with IGT. No further details of the 

dietary intervention were provided in the published article. The researcher contacted the 

lead author of the study by email to request additional information about the dietary 

intervention. The lead author advised that tailored dietary advice was provided based on 

the individual’s dietary patterns when dysglycaemia was diagnosed. If large amounts of 

sweetened drinks and sweet products were being consumed, it was recommended that 

those items be excluded from the diet, and blood glucose levels measured two hours after 

meals. If blood glucose levels were elevated after routine meals, low GI products were 
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advised, and an individually tailored list of what should be eaten, and what should be 

avoided, was provided. Dietary advice for CFRD was provided by a dietitian every three 

months during follow-up in outpatient clinic, and during every hospital in-patient 

admission. The lead author advised that an education programme on diet for CFRD was 

provided to patients and their parents, appropriate for the age and lifestyle of the 

individual patient. The author also reported that food diaries were regularly utilised, 

which were analysed during outpatient clinic appointments. 

The study reported that the high GI product restricted diet produced ‘good clinical effect’ 

((193), p. 82) in four cases; mean HbA1c improved from 5.6±0.6% at diagnosis to 5.5±0.2% 

during follow-up in these individuals, who had received the dietary intervention. 

However, the results also demonstrated a deterioration in nutritional status in the group 

receiving the dietary intervention; BMI z-scores deteriorated from 0.66 prior to referral 

to the diabetes service to 0.35 during follow-up.  

The authors concluded that ‘patients in a good condition with good compliance to a low-

GI product diet start insulin later’((193), p. 90). Additional information was provided by 

the lead author of the study, via email, following a request from the researcher for an 

explanation on what constituted ‘good compliance’ and ‘good condition’. In relation to 

compliance, the author advised that in addition to measuring HbA1c at every outpatient 

follow-up clinic appointment (every 12 weeks), patients were also asked during these 

appointments about their compliance to the low-GI product diet and which low-GI 

products they found most problematic to implement and adhere to. The lead author 

reported that she thought people usually reported truthfully and therefore reported that 

this was an appropriate method to check compliance. She also advised that ‘good 

condition’ meant a HbA1c that was not elevated or increasing, and no further 

exacerbations in comparison to the previous 6-12 months before the individual’s 

dysglycaemia diagnosis. 

 

2.5.3 Risk of bias 

Three members of the review team (the researcher, Dr Perry and Dr Alexandra 

McAleenan, Senior Research Associate in Research Synthesis) independently assessed 
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each of the two included studies using the ROBINS-I tool (191). Dr McAleenan helped 

develop the ROBINS-I tool (https://www.riskofbias.info/welcome/home/the-team); she 

supported the researcher and Dr Perry in the use of the ROBINS-I tool, in addition to 

participating in the risk of bias assessments. Risk of bias assessment summaries are 

presented in Table 2.4 and the full ROBINS-I assessments are in Appendix 2.6. Both studies 

were assessed as being at critical risk of bias due to confounding related to the non-

randomised study designs, which resulted in critical overall risk of bias.  

 

Table 2.4: ROBINS-I risk of bias assessments 
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2.5.4 Relevant studies that did not meet the review inclusion criteria 

Due to the very limited number of studies identified for inclusion in this review, a 

summary of studies that that were closely aligned to the review objective, but that did 

not meet the inclusion criteria, is also presented.  

One other study that utilised dietary intervention to manage glycaemia in CF was 

identified, but the eligibility criteria for this study included a confirmed diagnosis of CF 

and NGT, measured as a normal OGTT result (194), whereas confirmed CF and IGT or CFRD 

were required inclusion criteria in the current review. The study was a double-blind RCT 

in which participants were randomly allocated to a three-month dietary intervention of 

either a high-fat and high-calorie (HFHC) diet (n=22) or a low GI (LGI) diet (n=22) (194). 

The HFHC diet comprised 40% fat, 20% protein, 40% carbohydrate, and all sources of 

carbohydrates with different GI were allowed, while the LGI diet had a similar 

macronutrient composition to the HFHC diet, but participants were instructed to 

consume only low GI carbohydrates (GI<50). The authors reported significant decreases 

https://www.riskofbias.info/welcome/home/the-team
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in fasting blood glucose (FBG) (103.8±15.9 vs 92.9±11.6mg/dl; p=0.003) and HbA1c 

(6.2±0.7 vs 6.0±0.8%; p=0.002) after LGI dietary intervention, whilst in the HFHC diet 

group FBG significantly increased (89.2±6.2 vs 94.6±13.5mg/dl; p=0.038). 

 

Two dietary intervention studies of relevance were registered on the ClinicalTrials.gov 

database. At the time of conducting the reviews most recent update (October 2021), both 

of these studies were reported as completed on their trial records, but no results had 

been posted on the ClinicalTrials.gov database and no published articles relating to either 

of these studies were identified.  

 

The first study, Nutritional Intervention and Glycaemic Improvement in Patients with Pre-

diabetic Cystic Fibrosis (ClinicalTrials.gov identifier: NCT03205904) (195), was a 

randomised study of 20 individuals with CF and dysglycaemia, over 10 years of age, 

conducted in Brazil (195). The aim of the study was to evaluate glycaemic improvement 

after ‘nutritional orientation’; the intervention group received nutritional guidance at the 

beginning of the research, the control group received no nutritional guidance. The 

intervention described was a nutrition booklet with guidelines on types of fats and 

glycaemic index. The primary outcome measure was glycaemia, measured by OGTT, 

before and after 12 weeks of dietary intervention. Secondary outcome measures were 

glycaemia measured by HbA1c, lung function measured by FEV1 and FVC, and nutritional 

status measured by BMI, before and after 12 weeks of dietary intervention.      

 

The second study, The Effect of Soluble Fiber to Reduce Post-prandial Glycaemic Excursion 

in Adults With Cystic Fibrosis (ClinicalTrials.gov identifier: NCT02810691) (196), aimed to 

evaluate the feasibility and effectiveness of a soluble fibre supplement 

to reduce postprandial glycaemic excursions in adults with CF in Canada (196). Using a 

randomised crossover design, the impact of two doses of the fibre supplement on 

postprandial glycaemia were investigated in controlled conditions in 22 adults with CF 

and either IGT, INDET or CFRD. The primary outcome was glycaemia measured by plasma 

glucose area under the curve; secondary outcomes included plasma insulin area under 
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the curve, mean plasma glucose, post-meal peak plasma glucose and side effects of the 

fibre supplement. 

 

The PIs of these studies were contacted via email to request updates on the anticipated 

timeframes for the publication of the study results; at the time of thesis production (April 

2022) no response had been received from the PI of the Nutritional Intervention and 

Glycaemic Improvement in Patients with Pre-diabetic Cystic Fibrosis study (195). The PI of 

the Effect of Soluble Fiber to Reduce Post-prandial Glycaemic Excursion in Adults With 

Cystic Fibrosis study (196) replied via email to advise that their submitted manuscript was 

currently undergoing peer-review.  

 

One study relating to the use of carbohydrate counting in CFRD was identified in the 

electronic database search, but it did not meet the inclusion criteria for this review as no 

measurement of glycaemia was conducted (197). This descriptive study utilised a 

participant completed questionnaire to determine the prevalence of individuals with 

CFRD who carbohydrate count, to explore barriers to its use and to assess the accuracy of 

carbohydrate counting, in a sample of 17 hospitalised adults with CFRD, who were all 

receiving insulin therapy. This study is the first investigation of carbohydrate counting use 

by people with CFRD, and it found that less than two-thirds of the study sample used 

carbohydrate counting as a diabetes management tool. Three-quarters of the sample felt 

that carbohydrate counting was difficult, citing reasons which included difficulties in its 

application, it being time-consuming and feelings of stress and anxiety being triggered by 

carbohydrate counting (197). The significant treatment burden associated with CF and 

the emotional impact of managing two chronic conditions were acknowledged by the 

study authors and felt to be reasons for the limited uptake of carbohydrate counting as a 

diabetes management strategy in the CF clinical population.       
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2.6  Discussion 

To date there has been little research on dietary therapy for managing dysglycaemia in 

CF. This review includes two studies, both of which utilised GI dietary intervention to 

manage glucose abnormalities in individuals with CF. However both studies were assessed 

as being at critical risk of bias using the ROBINS-I tool and critical risk is interpreted as too 

problematic to provide any useful evidence (191).  

 

The study by Ntimbane et al (192) appears to be the first study to consider low GI dietary 

intervention as a possible therapeutic option for managing dysglycaemia in CF; the 

authors report that their preliminary data suggest a possible benefit of low GI dietary 

intervention in slowing the progression of IGT to CFRD. Dietary intervention was not the 

main focus of this trial however and, in addition to the critical risk of bias related to the 

lack of randomisation, limitations of this research include poor reporting of the dietary 

intervention, lack of objective measures of compliance with the intervention and a small 

sample size. The study authors recommend that clinical studies specifically designed to 

assess dietary interventions for managing dysglycaemia in CF are conducted. 

 

The paediatric study by Piechowiak et al (193) provides the only other source of evidence 

available on the use of dietary intervention to manage glucose abnormalities in CF. Some 

benefit, in terms of improved glycaemic control, was seen in a proportion of the study 

participants with IGT who received a low-GI diet. Deterioration in the nutritional status of 

these individuals was also observed however, reflected as BMI z-score reduction. The 

study authors suggested that a reason for this negative impact on nutritional status may 

be due to less food being eaten as a result of increased satiety from the consumption of 

low GI foods. This is not consistent with the dietary aims of CF management, whereby 

appropriate dietary intervention in this context must be able to incorporate the specific 

CF aim of optimising nutritional status in addition to achieving good glycaemic control. 

 

Non-compliance with diet was cited as an important clinical challenge in adolescents and 

the authors also stressed the difficulty of achieving beneficial dietary therapy in 
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individuals with CF and dysglycaemia, due to attempting to combine the conflicting 

dietary management principles of CF and diabetes. It should be noted that some of the 

individuals who received the dietary intervention crossed over into the insulin-treated 

group and were analysed in the insulin-treated group. An interesting observation from 

this study was that the majority (63%) of the individuals receiving insulin utilised insulin 

pump therapy, which is contrary to the low use of insulin pumps in the CFRD community 

reported elsewhere (154, 155). 

 

The study authors acknowledged the small sample size and the retrospective nature of 

the study as limitations, and they recommend prospective studies in the CF population to 

better understand the associations between dysglycaemia and clinical status. This study 

was also assessed as being at critical risk of bias and the poor reporting of the dietary 

intervention, lack of objective measures of compliance with the intervention and small 

sample size are also clear limitations of this research. 

 

In the non-CF population, there is a growing body of evidence to support low GI dietary 

intervention in diabetes management to improve glycaemic control (117, 164). It has 

demonstrated benefits in non-CF forms of diabetes, including improved insulin sensitivity, 

glycaemia and quality of life in both Type 1 and Type 2 diabetes (117), and is 

recommended as part of their dietary management (158, 198). The evidence for low GI 

and low glycaemic load (GL) diets for the treatment of diabetes mellitus was examined in 

a Cochrane Review (117); eleven randomised controlled trials (RCTs) with dietary 

interventions lasting 1 to 12 months, involving 402 participants, were identified. Ten of 

the trials compared a low GI diet with a higher GI diet and one trial compared a low GI 

diet to a diet measured using carbohydrate exchanges; details of these GI dietary 

interventions are presented in Appendix 2.7. The review identified a statistically and 

clinically significant reduction in glycated haemoglobin (-0.5% HbA1c) with low GI diets 

(117).  

 



 70 

2.7  Conclusion 

Evidence is lacking for the dietary management of glucose abnormalities in CF. Two 

studies of dietary interventions for managing dysglycaemia in CF were identified. Both 

studies used low GI dietary interventions, but the limitations of these studies mean that 

their results are of limited use. A recommendation for further scientific study in relation 

to the clinical utility of low GI dietary intervention in CF has been made previously (178). 

This recommendation still holds true; well-designed clinical trials, with outcomes related 

to GI and glycaemia, are urgently needed to provide robust evidence in relation to the use 

of GI dietary intervention for people with CF and dysglycaemia. 
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C HAPTER 3 .  DIETA RY IN TERV EN TION  
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3.1 Chapter overview 

This chapter describes the development of the GI dietary intervention that was assessed 

in the subsequent feasibility study (Chapter 4). An overview of best practice guidance and 

the range of methods employed to develop the intervention are detailed.  

3.2 Introduction 

Best practice when developing complex interventions is to use the best available evidence 

and appropriate theory (199). Complex intervention development research does not 

always begin with new interventions; a key source of intervention development is the 

adaptation of existing interventions into a new context (199) and intervention design can 

be guided by drawing on components that worked in previous effective interventions 

(200). 

In this case, the intervention development process started with the researcher 

considering how GI dietary intervention currently used in non-CF diabetes management 

could be adapted to fit the context of CF nutritional management. During this process, 

she considered known components of effective dietary interventions more broadly and 

drew on strategies proposed by Balzer et al to reduce the overall GI of a meal/snack by i) 

substituting high GI carbohydrate sources with lower GI options, ii) combining higher GI 

foods with low GI foods, iii) adding protein and/or fat and iv) adding acidic foods (83). 

These strategies are detailed in section 3.2.2.1. The researcher also studied the GI dietary 

interventions examined in the Cochrane review of low GI diets for non-CF diabetes 

management (117) (Appendix 2.7) and the studies included in the systematic review 

(Chapter 2) to identify elements that may be appropriate to include in the intervention 

under development. Having established some preliminary ideas, the researcher then 

undertook various intervention development activities. These are detailed in this chapter 

and an overview of the timeline of these activities is presented in Figure 3.1. 

 

 

 



 

 

 

 

 

 

 

2016                2017       2018       2019   

• GI dietary intervention 
development 

• Pump priming study  
• Dietetic CF research 

placements - Minnesota, 
CHOP, USA  

• Commence NIHR CDRF 
• GI dietary intervention 

development 
• UK CF Trust VIA awarded 
• PPIE activities 

• Feasibility study - Bristol YPAG 
review 

• Dietetic CF research 
placement – Sydney, Australia 

• Systematic review 
• NIHR CDRF Feasibility study 

commenced 

 

• NIHR CDRF 
Feasibility study 

Figure 3.1: Timeline of GI dietary intervention development activities 

CDRF: Clinical doctoral research fellowship; CF: Cystic fibrosis; CHOP: Children’s Hospital of Philadelphia; GI: Glycaemic index; NIHR; National Institute for Health and Care 
Research; PPIE: Patient and public involvement and engagement; VIA: Venture and Innovation Award; YPAG: Young Persons Advisory Group  



3.2.1 Complex interventions 

Modern health care interventions that target health behaviours with the aim of improving 

the well-being of people with health and/or social care needs are often described as  

complex interventions (199). An intervention can be considered complex due to its 

intrinsic properties, such as the number of components; the behaviours targeted; skills 

required by those delivering and receiving the intervention; the number of groups and 

settings; or the permitted level of flexibility of the intervention or its components (199). 

Complex interventions can produce a range of outcomes. The effects of complex 

interventions can be the product of the interventions themselves and also of the contexts 

in which they are implemented, such as infrastructure, availability of resources and 

cultural practices, beliefs and attitudes of those delivering and receiving the intervention 

(201, 202). The relationship between the dimensions of complexity of an intervention, its 

implementation context, and the possible implications of these on outcomes must all be 

considered throughout the development and evaluation processes (199). 

 

3.2.2 Developing complex interventions 

According to the UK Medical Research Council’s (MRC) influential guidance on developing 

and evaluating complex interventions, development is a key phase of complex 

intervention research and refers to the ‘whole process of designing and planning an 

intervention, from initial conception through to feasibility, pilot or evaluation study’ (199) 

p. 6). The preliminary intervention presented in this chapter addresses some of the core 

elements that require consideration when developing an intervention, specifically, 

considering context and engaging stakeholders (Figure 3.2). A variety of sources and 

methods were employed in the iterative process of developing the dietary intervention, 

including consultation with the intended recipient population and relevant HCPs, and 

peer-review by clinical academic and research experts. Future work will be needed to 

address the other core elements including programme theory, refinement of the 

intervention and economic considerations. 
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Figure 3.2: MRC framework for developing and evaluating complex interventions  
 

 

          Source: Skivington et al (199) 

 

3.2.2.1 Adaptation of an existing intervention for a new context 

Carbohydrate is the primary dietary macronutrient responsible for postprandial 

hyperglycaemia (160), and therefore carbohydrate quality could be an important factor 

in the management of glucose excursions within the spectrum of dysglycaemia in CF. Low 

GI diets decrease postprandial insulin requirements and may improve insulin resistance, 

which are two aspects of the glycaemic metabolism abnormalities seen in CF (83). 

Manipulating dietary GI may be an area for intervention to help improve glycaemic 

control that could possibly delay the development of CFRD in people with CF.  

Context is a crucial consideration when developing an intervention; low GI dietary 

intervention is known to improve glycaemic control in non-CF diabetes (117, 164), but 

potential concerns regarding the use of low GI intervention in CF have been raised (178). 

Low GI foods have been associated with increased satiety and reductions in energy intake 

(173), which could lead to reduced food intake, negative energy balance and weight loss. 

This is not consistent with the aims of CF dietary management, and dietary intervention 

must be able to incorporate the specific CF aim of optimising nutritional status in addition 

to achieving good glycaemic control.  

The systematic review that was conducted to identify the existing evidence base for 

dietary interventions for managing dysglycaemia in CF (Chapter 2) found that evidence is 
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lacking. The two studies that were included in the review utilised GI dietary interventions, 

but the interventions were poorly described, thereby limiting the ability to identify 

potentially useful content. Recommendations for further scientific study in relation to the 

clinical utility of low GI diets in CF have been made (178). 

To adapt the concept of GI intervention for the context of CF dietary management, four 

key strategies have been proposed (83) and these were incorporated into the GI dietary 

intervention developed by the researcher: 

 

i) Substitution  

Substituting high GI carbohydrate sources in the diet with lower GI options reduces the 

overall GI, while maintaining appropriate macronutrient proportions e.g., substituting 

high GI white potato for sweet potato (low GI), or white bread (high GI) for lower GI 

multigrain bread. At least one low GI food per meal is recommended.  

 

ii) Combination of higher GI foods with low GI foods 

Combining high GI foods with low GI foods reduces the overall GI of a meal. This strategy 

may increase acceptability of the diet as some high GI food items may still be able to be 

consumed in moderation. For example, dairy foods are low GI so combining full-fat milk 

with high GI cereal (e.g., cornflakes) creates a medium GI meal.      

 

iii) Addition of protein and/or fat 

Adding protein and/or fat slows the digestion and absorption of carbohydrate, thereby 

reducing the GI, e.g., peanut butter on white bread, adding butter and cheese to potato. 

Protein and fat are also good energy sources and this approach to lowering GI may be 

more appropriate for people with CF, rather than simply encouraging consumption of low 

GI foods, to ensure that the energy content of the diet is not compromised.  
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iv) Addition of acidic foods 

Acidic foods slow gastric emptying, thereby lowering the GI of a meal. Adding acidic foods 

like lemon/lime juice, or vinegar, helps to lower the GI, and naturally acidic foods, such as 

sourdough bread, have a lower GI. Acidic foods do not need to be directly applied to the 

carbohydrate source to exert their GI lowering effect, just consumed in the same meal. 

 

3.3 Elements of effective dietary interventions 

Dietary interventions that support individuals to make sustained dietary behaviour 

changes often include the use of components such as behaviour change theory and 

behaviour change techniques (BCTs) (200, 203, 204). Behavioural theory-based nutrition 

interventions with the use of BCTs have been shown to be more successful at achieving 

dietary behaviour change than just knowledge-based programs (205). Other common 

elements of effective dietary interventions include some facility for support for change, 

whether from family, feedback or multiple contacts, use of appropriate and personalised 

advice, and dietary assessment or some active involvement (206). The use of face-to-face 

methods has also been highlighted as a component that can potentially improve the 

effectiveness of nutrition interventions (200). 

 

3.3.1 Behaviour change theory 

Dietary behaviour is intricately linked to social, cultural and environmental influences in 

addition to individual psychosocial and cognitive factors (207). Theories of behaviour 

change can help to make sense of how and why behaviours occur. The importance of 

identifying appropriate theory in the development of complex interventions has been 

highlighted, based on the understanding that application of theoretical concepts is 

required to support behaviour change (208), and evidence that the use of theory is more 

likely to result in effective interventions (202).  

 

Many different theoretical models have been developed and there is no single model that 

addresses all possible determinants of behaviour. Many theories are variations of others, 
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sharing key constructs or assumptions. Common theoretical constructs incorporated into 

nutrition interventions include stage of change, perceived benefits and barriers to 

change, perceived health risk, self-efficacy regarding behavioural change, knowledge for 

change, social support, and interaction between the individual and their environment 

(209, 210).  

 

Whilst the MRC framework advocates the use of theory in the development of complex 

interventions, it offers no guidance on how to select or apply theory (211) and further 

research is needed to identify which behaviour change theories are most salient in dietary 

interventions (212). The decision process of choosing the most appropriate theory is 

inevitably selective and therefore open to bias, and an additional consideration is that 

interventions are often based on other forms of evidence, such as what worked in 

previous interventions, which is akin to the use of theory (200).  

 

In the context of CF, efforts have been made to understand behaviour in CF management 

through the application of Bandura’s self-efficacy concept (213, 214), the health belief 

model (HBM) (100, 215, 216), and the experiences of young people with non-CF diabetes 

have been explored within the theoretical framework of the extended health belief model 

(EHBM) (217, 218). Self-efficacy and the HBM are components of the EHBM, which was 

selected as an appropriate theoretical framework to inform the GI dietary intervention 

under development. Descriptions of these theoretical models and how the EHBM was 

incorporated within the intervention is detailed below.  

 

Self-efficacy 
 

The concept of self-efficacy is concerned with the extent of an individual’s belief in their 

own ability to complete tasks, and it directly relates to whether a person performs a 

desired behaviour (213). It is widely used in the context of health behaviours and is a 

construct in many behavioural theories. Interventions that emphasize self-efficacy may 

increase the likelihood that positive behavioural changes will be executed (219). In CF 

focused studies, self-efficacy has been associated with better quality of life in adults (220, 

221), and it has been recommended that educational programs for people with CF 
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address improving self-efficacy to influence the improvement of self-management 

treatment (222).  

 

Health belief model 

The HBM is the most established and highly researched and substantiated social cognition 

model used in the field of health psychology and behaviour change for explaining, 

predicting, and understanding health behaviours (223-225). Constructs central to this 

value-expectancy model of health behaviour, on which health decisions are based, consist 

of perceived susceptibility and perceived severity of a health condition, and perceived 

benefits and perceived barriers to enacting a recommended health action. Research 

suggests that for a change in nutrition behaviour to occur, the perceived benefits of the 

behaviour must outweigh the perceived barriers (226). The HBM asserts that people will 

act if they feel personally susceptible to disease worsening and if they believe 

the severity of the disease will compromise their functioning in some capacity. In addition, 

people consider whether engaging in the health behaviour would be beneficial and that 

the barriers to treatment are worth overcoming (223).  

 

Extended health belief model  

The construct of self-efficacy is frequently included in applications of the HBM (214, 223) 

and assumes that the likelihood of taking action is a function of an individual’s belief that 

they are capable of achieving the desired outcome, in addition to their beliefs relating to 

the outcome (214, 223). Two additional constructs were therefore added to the original 

HBM to form the EHBM (218): i) self-efficacy: a person’s confidence in their ability to 

successfully perform a behaviour and ii) cue to action: the stimulus needed to trigger the 

decision-making process to accept a recommended health action. The EHBM is based on 

the assumption that individuals will take a health-related action if they believe a negative 

health condition can be avoided, hold positive expectations that taking a recommended 

action will result in avoiding the condition, and if they believe they can be successful in 

enacting the recommended action (227).  



 80 

The GI dietary intervention was designed using the EHBM to encourage and support 

healthful dietary behaviours in the context of dysglycaemia in CF, by increasing 

knowledge about the GI through dietary education, and the inclusion of a dietary planning 

component to allow for exploration and modification of participants’ beliefs about the 

benefits and barriers to making dietary changes and their ability to do so. 

 

3.3.2 Behaviour change techniques  

BCTs frequently comprise part of nutrition interventions in chronic disease (200), and 

commonly used BCTs include motivational interviewing (MI), goal setting and self-

monitoring (203, 204, 228). Available evidence indicates that applying ‘self-regulatory’ 

BCTs, which include, among others, goal setting and self-monitoring, and barrier 

identification and problem solving, may be related to improved intervention effectiveness 

(229-231). However, the mechanisms of action through which individual BCTs exert their 

effects are not completely understood at present (228), and a better understanding of 

the links between BCTs and their mechanisms of action is needed to assist the 

development of effective interventions (232).  

 

MI and goal setting were incorporated into the GI dietary intervention; an overview of 

these BCTs is provided below:    

 

Motivational interviewing  

MI is a person-centred approach for enhancing personal motivation to elicit behaviour 

change by exploring and resolving ambivalence (233). It is well-established as an effective 

treatment and can be used successfully even in brief or one-off encounters (234). MI can 

be used to enhance an individual’s motivation to change their behaviour in order to better 

manage illness or to promote a healthier lifestyle, and it has been adopted into the 

treatment of several chronic conditions, including CF and diabetes, in both adults and 

children (103, 233, 235, 236). Practicing MI involves many techniques and strategies 

including reflective listening, expressing acceptance and encouragement, affirming an 

individual’s autonomy and self-direction, assessing the degree of readiness to change, 
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recognising and managing resistance, and negotiating and facilitating the development of 

change plans (237).  

The GI dietary intervention was designed to be delivered verbally, using the MI elicit–

provide–elicit approach (238). This technique involves eliciting what an individual already 

knows, providing information and then eliciting the individuals’ reaction. This method 

engages the recipient in processing the information provided, making it more likely to be 

retained (238). The researcher who delivered the dietary intervention has undertaken MI 

training and has utilised MI throughout her clinical dietetic career. 

 

Goal setting 

When an individual feels ready, and has committed to making behaviour changes, they 

need to feel confident in their ability to implement the agreed changes. Goal setting has 

been shown to be important in an individual’s ability to control their own behaviour (239); 

it is a technique that is frequently used to help people change their behaviour in health-

related settings (240) and it has been specified as an important strategy in nutrition 

education interventions (207, 241). Setting pragmatic and realistic targets in the context 

of an individual’s lifestyle is important to facilitate change, and HCPs advice can be an 

important  part  of  this  process when the individual is ready to hear it (103).  

 

Dietary goals, tailored to the participants’ usual dietary intake, preferences, and lifestyle, 

were identified, agreed, and recorded during the dietary planning component of the GI 

dietary intervention. 

 

3.4 Stakeholder involvement 

Consultation and collaboration with stakeholders is essential to ensure that research 

remains relevant and produces meaningful data, and there is evidence that recruitment 

and retention in complex intervention studies are likely to be better if an intervention is 

valued by potential participants (199, 202). Patients and the public are key stakeholders, 

and patient and public involvement and engagement was embedded throughout the 

development of the dietary intervention and the subsequent feasibility research process. 
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3.4.1 Pump priming study 

The researcher secured funding from University Hospitals Bristol and Weston NHS 

Foundation Trust (UHBW) Research Funding Committee (Appendix 3.1) to undertake a 

pump priming study to inform the development of the dietary intervention and the 

planned feasibility study. This preliminary work was conducted from April – July 2016 and 

comprised of a small-scale study of the planned feasibility study. It was conducted with 

young people with CF and dysglycaemia to explore their views of the proposed dietary 

intervention, study design and methods.  

 

3.4.1.1 Aims of the pump priming study 

The aims of the pump priming study were to:  

• Generate preliminary data to inform the development of the GI dietary intervention  

• Enable the researcher to establish working relations with the Bristol CF clinical teams  

• Support funding applications to undertake the feasibility study reported in Chapter 4 

 

3.4.1.2 Pump priming study methods 

The methods used in the pump priming study largely reflect the methods used in the 

feasibility study presented in Chapter 4. To avoid repetition, these are described in brief 

here and in full in Chapter 4. Full details of the pump priming study are provided in 

Appendix 3.2: Pump priming study protocol. 

 

Sponsorship and approvals 

The pump priming study was sponsored by the University of Bristol and approved by East 

Midlands – Leicester Central Research Ethics Committee (REC); Ref: 15/EM/0185 

(Appendix 3.3).  
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Study design and setting 

A non-randomised, mixed methods study design was used. The study was conducted at 

UHBW; the paediatric CF service at the Bristol Royal Hospital for Children and the adult 

CF service at the Bristol Royal Infirmary were the two recruiting sites. The researcher was 

the chief investigator (CI) of the study and led the protocol development, approval, and 

implementation of the study at both sites. The pump priming study comprised of four 

research visits per participant over a 6–8-week period; an overview of the study design is 

presented in Figure 3.3 and details of the research visits are provided below.  

 

Research visit A: Baseline - Usual dietary intake and glycaemia (60 mins) 

Glycaemia was measured for 3-5 days using a CGM system (Ipro2®, Medtronic). The CGM 

sensor was inserted by a CF Clinical Nurse Specialist during research visit A, which took 

place at the participants’ usual CF care centre. Following sensor removal, the CGM data 

generated were downloaded by the researcher for analysis. 

Dietary intake was recorded over the same period using an on-line, 24-hour dietary recall 

tool (INTAKE24; https://intake24.co.uk/). An interactive tutorial on how to use the tool 

was provided by the researcher during research visit A, at CRICBristol, a clinical research 

facility specifically designed for research studies in clinical populations in Bristol. 

 

Research visit B: Dietary intervention delivery (60 mins) 

Research visit B was conducted within four weeks of completion of baseline glycaemia 

and dietary intake assessments. Clinical status was assessed via telephone prior to 

research visit B by means of a short checklist to highlight any hospital admissions, 

antibiotic/corticosteroid therapy or any changes to insulin regimes (if applicable) since 

research visit A. If any change in clinical status had occurred, the time to research visit B 

was extended until the participant reported they had recovered to their ‘usual’ clinical 

status.  
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Figure 3.3: Pump priming study design 

 

 

  

Study design 
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Depending on participant preference, research visit B was conducted in the participant’s 

own home or at CRICBristol. A participant feedback report was developed by the 

researcher (Appendix 3.4); this document visually presented the participant’s baseline 

CGM assessment, provided simple information in relation to dietary carbohydrates and 

their effects on glycaemia, highlighted carbohydrate sources that the researcher had 

identified from the participant’s baseline dietary intake, and provided space for dietary 

goals agreed during the dietary planning component to be recorded. During research visit 

B, the researcher used the feedback report to introduce the concept of the GI, providing 

verbal education and advice in relation to sources of high GI carbohydrates in the 

participant’s diet. The researcher also conducted collaborative dietary planning with the 

participant; dietary goals were agreed based on the participant’s usual dietary intake. The 

aim of the dietary goals was to manipulate the individual’s food and drink intake to reduce 

dietary GI whilst maintaining energy intake. In addition, the researcher verbally provided 

the participant with behaviour change advice and practical tips to address any challenges 

that implementing the agreed dietary targets may provoke. 

Following research visit B, the participant was asked to implement the agreed dietary 

goals for two weeks. Participants were provided with the feedback report document to 

support their dietary changes in writing, and the researcher was available via telephone 

and email for the duration of the implementation period to provide advice and support 

as required.  

 

Research visit C: Follow-up assessments 

Dietary intake and glycaemia were re-measured during the second week of the dietary 

intervention implementation period using the same methods employed during baseline 

assessments. 

 

 Research visit D: Acceptability assessment  

The final research visit comprised of a qualitative interview between the participant and 

the researcher to explore acceptability of the dietary intervention and participants’ 
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perspectives of dysglycaemia in CF more broadly. Interviews were audio-recorded and 

analysed. 

 

Pump priming study sample  

A target sample of 10 participants, receiving care from Bristol CF services (paediatric and 

adult), was set for this preliminary exploratory work. The pump priming study eligibility 

criteria were:   

Inclusion criteria:  

• CFRD/IGT  
• 11-35 years 
• Stable insulin regime 

(if applicable) 

 

Exclusion criteria: 

• Pregnancy/planning pregnancy 
• Clinical exacerbation 
• Corticosteroid therapy 
• English not of a sufficient standard to ensure 

informed consent and full participation in the 
research 

 

 

Pump priming study recruitment 

Potential participants were identified by the clinical CF teams at the recruiting sites 

through review of CF clinic lists. A study invitation letter and participant information sheet 

(Appendix 3.5) were handed out by members of the CF clinical teams during routine clinic 

appointments to individuals who fulfilled the inclusion criteria. Individuals considering 

participation could contact the lead researcher using the details on the study paperwork 

or, with their consent, the lead researcher made contact one week later to confirm study 

participation. 

 

Pump priming study consent 

All participants provided written informed consent to participate in the study. This was 

obtained at research visit A, prior to commencing data collection. The researcher was 

responsible for the consent process. For individuals under 16 years of age, a parent/carer 

was required to give informed consent, but participant assent was also obtained. The 
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consent and assent formed are presented in Appendix 3.6. Copies of the signed 

consent/assent forms were filed in the pump priming study master file and participant’s 

medical records, and participants were given a copy of the signed consent/assent forms.  

 

Data collection 

Participants were assigned a unique study number and anonymised participant data were 

collected on purpose-designed case record forms (CRF). 

 

Data analysis 

Descriptive analyses of participant characteristics, study recruitment and retention were 

conducted. The interview audio-recordings were transcribed and analysed, and the 

findings used by the researcher to inform the development of the feasibility study 

(Chapter 4).   
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3.4.1.3 Pump priming study results 

Seven individuals under the care of UHBW CF services were recruited to the pump priming 

study (Table 3.1).  

Table 3.1: Pump priming study – participant baseline characteristics  

 
 

 

 

 

 

 

 

 

 

 

All participants took part in baseline data collection of dietary intake and glycaemia. Two 

participants (siblings) were lost to follow up after baseline data collection. Four 

participants undertook the dietary intervention element of the pump-priming study, 

implementing the individualised dietary goals as per protocol. Dietary intervention was 

not required for one participant as baseline CGM assessment indicated that they were 

achieving optimal glycaemic control. The four participants who implemented the dietary 

intervention took part in follow-up assessments of dietary intake, glycaemia, and 

qualitative interviews. 

 

3.4.1.4 Pump priming study conclusion 

The pump priming study enabled the planned study design and methods of the 

subsequent feasibility study to be explored on a small scale, generated preliminary data 

Variable Sample (n=7) 

Age (y), mean (range) 17 (12, 25) 

Gender (n, % female) 4 (57) 

Ethnicity (n, %) 

White 

Asian 

 

6 (86) 

1 (14) 

BMI (kgm-2), mean (range)  18.8 (17.25, 20.7) 

Lung function: FEV1% predicted (%), mean (range) 78 (65, 96) 

Pancreatic insufficiency (n, %) 7 (100) 

IGT (n, %) 

CFRD (n, %) 

5 (71) 

2 (29) 
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to inform the further development of the dietary intervention and feasibility study, and 

allowed the researcher to establish working relationships with the Bristol CF clinical 

teams. This development work was crucial in enabling the researcher to demonstrate 

relevant research in preparation of the planned feasibility study and provided a valuable 

contribution to the researcher’s successful funding application (Appendix 3.7) to 

undertake the feasibility study presented in Chapter 4.  

 

3.4.2 Patient and public involvement and engagement   

A patient and public involvement and engagement (PPIE) group was established in 2017 

(Figure 3.1) to contribute to the iterative development of the dietary intervention and the 

associated feasibility study. The group comprised of three young people with CF and 

dysglycaemia under the care of the Bristol CF services (2 female; 17 years, 1 male; 16 

years) and one of the group members mothers. Group PPIE meetings were not possible 

due to CF cross infection restrictions (242, 243); people with CF should not meet in person 

as they carry bacteria in their lungs that can be harmful to each other. Instead, PPIE 

activities were held individually with group members during CF clinic visits or inpatient 

admissions, and via email communication. In addition to the formal PPIE group, the 

researcher worked with the Bristol CF clinical teams to identify individuals willing to 

discuss the proposed feasibility research in a more informal, one-off basis during clinic 

appointments and hospital admissions, to gauge interest in the research. Five young 

people under the care of UHBW CF services, and some members of their families, agreed 

to speak with the researcher during these ad-hoc stakeholder involvement sessions. 

Support for the proposed feasibility research was strong from the people with CF and 

their family members who participated in these stakeholder consultation activities. 

The PPIE activities provided valuable insights into the challenges of managing two long-

term health conditions and confirmed the dietary management of dysglycaemia in CF as 

a research priority from the stakeholders’ perspective. Importantly, the stakeholders 

reported that the nutritional advice they received for CF and diabetes management was 

often conflicting, which created confusion regarding what foods should be consumed to 

manage both CF and diabetes. Involving stakeholders with a lived experience of 
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dysglycaemia in the context of CF enhanced the dietary intervention and feasibility study 

development by ensuring due consideration was given to how these could be 

implemented without unduly increasing patient burden. Specific feedback received from 

the PPIE group was that they spent significant amounts of time in the hospital setting for 

routine CF management and they would not be keen to attend additional appointments 

for research purposes. They also advised that people with CF often have large and 

complex treatment regimens and would not want lots of new information which would 

further increase this burden. Scheduling research visits to coincide with routine clinic 

appointments, offering home visits where possible, and ensuring that any information 

provided was concise and simple, were felt by the PPIE group to be important design 

features of the proposed feasibility study. The group also participated in the review 

process of the participant-facing feasibility study documents, providing feedback on 

document drafts, and helping to ensure all the necessary information was presented in a 

clear, understandable format for potential study participants.  

 

3.4.3 Additional stakeholder involvement  

Stakeholders not only include individuals who are targeted by an intervention, but also 

those involved in its delivery, and those whose personal or professional interests may be 

affected by an intervention (199). In addition to the PPIE contributions outlined, 

consultation with a range of other appropriate stakeholders was also integral to the 

development of this research from the outset. These stakeholders included CF HCPs, CF 

researchers and the UK national CF charity, the Cystic Fibrosis Trust. Their involvement is 

detailed below.  

 

3.4.3.1 Peer-review: NIHR Clinical Doctoral Research Fellowship and Cystic Fibrosis Trust 

After the preliminary pump priming study, the researcher secured a NIHR Clinical Doctoral 

Research Fellowship (CDRF) award (Ref: ICA-CDRF-2016-02-014. Appendix 3.7) to conduct 

the systematic review (Chapter 2), to further develop the GI dietary intervention (Chapter 

3) and to conduct the subsequent feasibility study and acceptability assessment (Chapters 
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4 and 5). The CDRF was undertaken from 2017-2022 (Figure 3.1). To secure this award the 

researcher participated in a rigorous application process, where the proposed research 

was scrutinised by a selection panel comprising of 14 UK clinical academic experts. 

Feedback in relation to the proposed research was provided (Appendix 3.7) and this 

feedback was incorporated in the iterative intervention and feasibility study development 

process.  

The preliminary data generated from the pump priming study enabled the researcher to 

establish a collaboration with the Cystic Fibrosis Trust. The researcher presented the 

pump priming work and the proposed feasibility research to the Head of Research at the 

Cystic Fibrosis Trust. The Cystic Fibrosis Trust research team confirmed the importance of 

CFRD research, reviewed the proposed feasibility study plans, provided feedback which 

was incorporated in the ongoing development of the intervention and the feasibility study 

design, and awarded the researcher a £25,000 Venture and Innovation award (VIA) 

(Appendix 3.8) to support the planning, delivery, and dissemination of the feasibility 

study. The VIA ran from 2017-2021 (Figure 3.1).  

 

3.4.3.2 International peer-review: overseas CF dietetic research placements 

The researcher felt that engaging with CF clinical and research experts would be beneficial 

to the development of the dietary intervention and the feasibility study. Funding was 

secured from the British Dietetic Association education trust fund for international 

research opportunities (Appendix 3.9), which enabled the researcher to undertake 

dietetic research placements at leading CF centres in the USA and Australia (Figure 3.1). 

Two one-week placements were undertaken in the USA in August 2016, and a ten-day 

placement was undertaken in Australia in February 2018. These placements were hosted 

by Professor Antoinette Moran, Division Chief of Paediatric Endocrinology and Diabetes 

at the University of Minnesota; Dr Maria Mascarenhas, Nutrition Paediatrician and 

Medical Director of the Clinical Nutrition Department at the Children’s Hospital of 

Philadelphia, and Professor Kate Steinbeck, Endocrinologist and Adolescent Medicine 

physician at the Children’s Hospital at Westmead, Sydney. These clinicians are renowned 

specialists, leading extensive research programmes with specific research interests in 
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CFRD. Professor Moran has authored the current clinical CFRD guidelines (70) and 

Professor Steinbeck leads the research group whose work was integral to the original 

conception of this programme of research on GI dietary intervention in CF (83, 178).  

These placements provided a unique opportunity for the researcher to present her 

proposed feasibility research plans and to participate in face-to-face peer-review with 

expert leaders in the field of CFRD research. The placements were also an invaluable 

experience for the researcher’s continued clinical dietetic development, enabling her to 

gain first-hand experience of international CF care provision at these different CF centres. 

Of particular relevance to the proposed feasibility research was the opportunity to meet 

with Professor Jennie Brand-Miller, Professor of Human Nutrition at the University of 

Sydney. Professor Brand-Miller is internationally recognised for the development of the 

GI concept and her work on carbohydrates. She leads the University of Sydney GI Group 

which includes research scientists and dietitians working in the area of GI, health, and 

nutrition (www.glycemicindex.com). Her team lead the Sydney University GI Research 

Service which provides a commercial GI laboratory, testing food samples in healthy 

volunteers according to standardised, validated methods to measure GI 

(http://www.glycemicindex.com/glycemic-index-testing-research/). Professor Brand-

Miller has extensive experience in the application and practicalities of trialling GI 

interventions in different clinical populations. The proposed feasibility study design 

presented by the researcher was aligned with study design plans for similar research with 

local Australian CF populations, and Professor Brand-Miller provided practical advice in 

relation to ensuring the provision of clear, understandable information on GI for study 

participants, and the use of published GI data to analyse the research findings.  

  

http://www.glycemicindex.com/
http://www.glycemicindex.com/glycemic-index-testing-research/
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3.5 Development of a feasibility study participant resource booklet 

Individualised nutrition therapy is of critical importance for achieving treatment goals for 

both diabetes and pre-diabetes management (244, 245), and use of patient goal sheets 

has been shown to be beneficial in CF nutrition therapy (246). Individuals must be 

acknowledged as active participants in dietary planning if appropriate dietary goals and 

targets are to be identified and implemented; their perspectives must be recognised and 

respected when developing a person-centred dietary plan (247).  

Prior to conducting the feasibility study, an individualised GI education and dietary 

planning participant resource booklet was developed to support the delivery of the 

dietary intervention and to enhance participant engagement. The participant feedback 

report used in the pump priming study (Appendix 3.4) provided the first version of this 

participant resource booklet. An iterative development process was then undertaken, and 

the methods used to further develop this resource are described below. 

 

3.5.1 Consultation of published resources 

The participant resource booklet was informed by relevant, published, GI and CFRD 

education resources. Publications from the Cystic Fibrosis Trust, the USA CFF and the 

Children’s Hospital of Philadelphia were studied (248, 249), and an internet search of GI 

dietary resources was conducted. Resources written in English, from reputable 

organisations, were retrieved and examined; these organisations included the NHS, the 

British Dietetic Association, Diabetes UK, Canadian, American and Australian Diabetes 

Associations, and hospital patient information sheets (NHS and international hospitals). 

These resources provided useful examples to guide the design of the participant resource 

booklet, including content, level of detail and format ideas. Examples of these resources 

are presented in Appendix 3.10.  
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3.5.2 Stakeholder input 

A range of stakeholders contributed to the development of the participant resource 

booklet, including the participants in the pump priming study, the PPIE group (section 

3.4.2), and paediatric and adult CF specialist dietitians at the Bristol Royal Hospital for 

Children and the Bristol Royal Infirmary. This input involved preliminary discussions about 

possible content, followed by review and revisions of draft versions of the participant 

resource booklet. Feedback from stakeholders with CF and dysglycaemia indicated that 

their glucose abnormalities were ‘newer’ to them than their CF, that they were less 

confident in their understanding of dysglycaemia and its management, and that clear 

information provision would be welcomed. 

Iterative drafts of the participant resource booklet were reviewed by the stakeholders 

participating in the pump priming study and the PPIE group. Their valuable advice 

included recommendations that the resource booklet should be presented in a concise, 

uncomplicated format. Easy to understand information in relation to the GI and how it 

could be utilised in CF dysglycaemia management, in addition to lists of common high- 

and low-GI food items, were recommended to aid understanding, and to practically assist 

with identifying appropriate food and drinks in daily life. The researcher revised the 

resource booklet based on this feedback.  

 

The participant resource booklet was also reviewed and critically evaluated by the Bristol 

Young Persons Advisory Group (YPAG) (https://generationr.org.uk/bristol/). The Bristol 

YPAG is part of a UK network of YPAGs, funded by the NIHR and other NHS organisations, 

with the remit of supporting the design and delivery of clinical research in the UK. The 

Bristol YPAG comprises of volunteer members aged between 10-19 years with an interest 

in healthcare and research. The group meets regularly to increase the input and influence 

of young people in the development of clinical research, to ensure its relevance. In March 

2018, ten members of the Bristol YPAG, aged 11-17 years, participated in the critical 

review of the participant resource booklet and other participant-facing study documents 

that were developed for the subsequent feasibility study (participant information sheet, 

consent forms etc), in addition to the proposed feasibility study design and the data 

collection methods. The Bristol YPAG provided helpful feedback in terms of 

https://generationr.org.uk/bristol/
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understanding, readability and design of the study documents, and suggestions in relation 

to the proposed feasibility study. These included providing a voucher to thank individuals 

for their participation in the study and offering email support throughout the study in 

addition to telephone support.       

3.5.3 Content of the feasibility study participant resource booklet 

Two age-specific versions of the feasibility study participant resource booklet were 

developed (11-15 years and 16-35 years) and are presented in Appendix 3.11. The booklet 

presents written information on the following topics: dysglycaemia in CF, dietary 

carbohydrates, GI, key strategies to lower GI in the context of CF dietary management 

(83) and lists of commonly eaten high-GI food items and lower GI ‘swaps’. The resource 

booklet includes a section to insert the participants’ CGM glycaemia assessment results 

in a colour graph format and has a personalised area where specific dietary goals and 

tailored content can be recorded.  

3.6 Glycaemic index dietary intervention for dysglycaemia in CF 

The research and activities detailed in this chapter resulted in the development of a novel 

GI dietary intervention that aims to promote knowledge and beliefs conducive to 

implementing and maintaining positive dietary practices for managing dysglycaemia in 

CF. It uses the EHBM as a theoretical framework to encourage healthful dietary 

behaviours in the context of dysglycaemia in CF by increasing nutrition knowledge about 

the GI and the possible benefits of making appropriate dietary changes, and by modifying 

specific health beliefs, in particular the benefits and barriers related to making dietary 

changes, through dietary education and dietary planning.  

The intervention comprises of a 1-hour education and dietary planning session, delivered 

face-to-face by a registered dietitian, using the MI elicit–provide–elicit approach (238). 

The aim of the dietary planning component is to collaboratively establish priorities, goals 

and change plans, to enable the recipient of the intervention to take responsibility for 

implementing appropriate dietary change. Delivery of the dietary intervention is 

supported by a GI education and dietary planning participant resource booklet (Appendix 
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3.11). All dietary information and recommendations presented are consistent with 

current CF guidance (46, 162). The intervention is designed to be individually tailored 

based on dietetic assessment of the recipient’s usual dietary intake and identification and 

exploration of the EHBM constructs. This intervention provides a starting point to explore 

the potential future utility of GI dietary intervention for managing dysglycaemia in CF; the 

intervention will be refined as necessary based on the findings from the feasibility study 

reported in Chapter 4.  
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4.1 Chapter overview 

This chapter describes a feasibility study of a novel glycaemic index (GI) dietary 

intervention for people with CF and dysglycaemia. The aims, methods and quantitative 

findings are presented.  

 

4.2 Introduction 

A lack of robust data to inform the dietary management of glucose abnormalities in CF 

remains problematic. Intervention studies to investigate modifiable factors such as 

dietary intake, and specifically the clinical utility of GI dietary intervention, have been 

recommended (178) but not yet undertaken.  

 

4.2.1 Feasibility studies 

There is an African proverb ‘you never test the depth of a river with both feet’; a crucial 

step in the development and testing of any intervention is the preliminary work carried 

out prior to a full trial (250). The widely recognised conceptual framework proposed by 

Eldridge and colleagues (Figure 4.1), defines feasibility studies as pieces of research done 

before a main study that ask ‘whether something can be done, should we proceed with it, 

and if so, how?’ ((251), p. 8). Feasibility studies are recognised as important research 

activities conducted to guide the planning of future research; the information and insights 

gained from feasibility testing can be used to address uncertainties in trial design, to assist 

selection of appropriate outcome measures and to inform sample size estimations for 

future definitive trials (252).  
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Figure 4.1: Framework to define feasibility studies 
 

 

Source: Eldridge et al 2016 (253) 

 

In addition to estimating parameters needed to design a full trial, assessing the feasibility 

of study processes, including recruitment, retention, compliance with research methods, 

and delivery and acceptability of an intervention, at an early stage is also vital to inform 

decisions on whether a full study is likely to be possible (254), and potentially helps to 

reduce the ‘research waste’ associated with full trials that are unsuccessful due to poor 

recruitment, retention or failure to implement an intervention as intended (255, 256). 

Feasibility studies are not designed to address the effectiveness of an intervention (250). 

Rather, they provide an opportunity to investigate an intervention’s potential promise.  

 

UK Medical Research Council framework 

The UK MRC published influential guidance on developing and evaluating complex 

interventions in 2000, and revised guidance in 2006 (202). A new framework, published 

in 2021, further updates this guidance, taking account of recent developments in theory 

and methods, and the need to maximise the efficiency, use and impact of research (Figure 

4.2) (199). This update was published after the development and conduct of the research 
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presented in this thesis, but feasibility remains a key feature of the iterative development 

and evaluation process, and the use of feasibility studies is explicitly recommended to 

help identify problems that may occur in a full trial of a complex intervention (199, 202).  

 

 

Figure 4.2: MRC 2021 framework: Developing and evaluating complex interventions  
 

 

Source: Skivington et al 2021 (199) 

 

4.3 Feasibility study aims and objectives 

4.3.1 Primary aim and objectives: 

To assess the feasibility of implementing a clinical study of a GI dietary intervention for 

people with CF and dysglycaemia. The following objectives were set to achieve this 

primary aim:   

 

• Examine study recruitment, retention rates, and attendance at research visits 
• Examine data collection of the following chosen outcome measures: glycaemia, 

dietary intake, anthropometrics (weight, height, derived BMI), lung function and 
health related quality of life  

• Explore the acceptability of the dietary intervention and study processes 
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4.3.2 Secondary aim and objectives: 

To explore the potential promise and safety of the GI dietary intervention. The following 

objectives were set to achieve this secondary aim:   

• Calculate dietary GI and glycaemic load (GL) of participants dietary intake 
• Examine the change in outcome measures and dietary GI and GL between 

baseline and follow-up 
 
 

4.4 Methods 

This feasibility study is reported in accordance with the Consolidated Standard of 

Reporting Trials (CONSORT) extension for randomised pilot and feasibility trials (254). The 

study did not use a randomised design but use of this guidance is recommended as many 

of the items are relevant for reporting non-randomised pilot and feasibility studies (257). 

A completed CONSORT checklist is presented in Appendix 4.1. 

 

4.4.1 Study sponsorship, support, and approvals 

The study was sponsored by the University of Bristol, approved by the NHS Health 

Research Authority (HRA) Southwest - Central Bristol REC; Reference: 18/SW/0105 

(Appendix 4.2), and is registered on the ISRCTN registry (ISRCTN10838115). 

 

 

NIHR Clinical Research Network Portfolio: 

The study met the Department of Health eligibility criteria for Clinical Research Network 

(CRN) support and was adopted as a NIHR CRN Portfolio study. Research studies included 

on the NIHR CRN Portfolio benefit from a range of support, including access to the NIHR 

CRN Study Support Service – a standard national framework for supporting the planning, 

set-up, and delivery of high-quality clinical research in England - and direct ISRCTN 

registration through the CRN.  
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Cystic Fibrosis Trust Clinical Trials Accelerator Platform: 

The Cystic Fibrosis Trust developed the Clinical Trials Accelerator Platform (CTAP) – a UK-

wide initiative bringing together CF centres to increase participation and improve delivery 

and equity of access to CF clinical trials, by coordinating collaboration between research 

centres and trial sites, and sharing expertise among CF research teams 

(https://www.cysticfibrosis.org.uk/the-work-we-do/clinical-trials-accelerator-platform). 

The feasibility study was approved for CTAP badging (Appendix 4.3), which awards 

funding to provide extra capacity to support the delivery of CF clinical trials. As a result, 

the study benefitted from direct support from a CF research nurse to help to identify and 

approach potential participants and to conduct the study’s clinical assessments at 

baseline and follow-up.  

 

4.4.2 Study design and setting  

A non-randomised, mixed methods, feasibility study design was used. The study was 

conducted across two UK NHS Trusts: University Hospitals Bristol and Weston NHS 

Foundation Trust (UHBW) and University Hospitals Birmingham NHS Foundation Trust 

(UHB). The paediatric CF service at the Bristol Royal Hospital for Children, the adult CF 

service at the Bristol Royal Infirmary at UHBW, and the West Midlands adult CF centre, 

Heartlands Hospital, UHB, formed the three recruiting sites. These sites were selected as 

they are research active, specialist, regional CF centres, located within a reasonable 

distance of each other. This allowed the researcher to undertake a multi-site study that 

required in-person meetings at each site. The researcher was the CI of the feasibility study 

and led the protocol development, approval, and implementation of the study at all sites. 

Site specific research teams were established, and a PI was assigned at the West Midlands 

adult CF centre, UHB site, as this was the furthest from the researcher’s usual 

geographical base (Bristol).  

The feasibility study was designed to run from 2018-2020 in line with the researcher’s 

NIHR CDRF timescales. The study comprised of four research visits per participant over a 

4-month period; an overview of the study design is presented in Figure 4.3 and details of 

the content of each of the research visits are provided below. Quantitative data were 

https://www.cysticfibrosis.org.uk/the-work-we-do/clinical-trials-accelerator-platform
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collected at baseline (research visit 1) and follow-up (research visit 3). These research 

visits were conducted at the participant’s usual CF care centre. To minimise participant 

burden, research visits were arranged at mutually convenient times where possible, 

usually either before or after a scheduled CF clinic appointment. Where feasible to 

accommodate, the researcher offered participants home visits for the delivery of the 

dietary intervention (research visit 2) and the qualitative acceptability assessment 

(research visit 4). University of Bristol and UHBW lone working policies were adhered to 

when conducting home visits. Alternatively, research visits 2 and 4 were also conducted 

at the participants usual CF care centre.  
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     Figure 4.3: Feasibility study design  
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4.4.2.1 Research visit 1: baseline assessments (week 0; 60 minutes)  

The following clinical variables were measured or recorded from the participants’ medical 

records to characterise CF disease severity and glycaemic status: weight, height, derived 

BMI, lung function (FEV1), PERT, HbA1c and insulin therapy (where applicable). Dietary 

intake, glycaemia, and health related quality of life (HRQoL) assessments were conducted 

using the methods outlined below.  

 

Anthropometry and lung function  

Weight was measured to the nearest 0.1kg using pre-calibrated medical scales at baseline 

and follow-up. Height was measured to the nearest 0.1cm on a stadiometer at baseline 

for participants from adult CF services, and at baseline and follow-up for participants from 

the paediatric CF service. BMI was calculated for adult participants (>18 years) and BMI z-

scores and percentiles were determined for paediatric participants using validated 

methods (258). Lung function was measured as FEV1 and FEV1 percent predicted. Lung 

function was either measured directly using spirometry by CF MDT staff during the 

research visit, or the most recent measurement in the participant’s medical records was 

recorded.  

 

Glycaemia 

Glycaemia was measured using HbA1c and CGM. HbA1c is a standard clinical measure of 

glycaemia, reflecting average blood glucose levels over the preceding 2-3 months (259). 

HbA1c is recommended for monitoring purposes in CFRD as an overall assessment of 

glycaemic control (260) but it is not recommended for use in CFRD screening and 

diagnosis (70), as HbA1c measurements are often spuriously low in the CF population due 

to reduced erythrocyte lifespan (131, 261). The original study protocol stated that HbA1c 

would be measured for every participant; this was revised following consultation with the 

CF MDT, so that routine clinical HbA1c assessment made within six weeks of the date of 

baseline and follow-up research visits could be used to prevent unnecessary additional 
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blood sampling. A substantial amendment was submitted and approved by NHS HRA 

ethics to allow this protocol change to be implemented (Appendix 4.4).  

When HbA1c assessment was undertaken, blood samples were collected, stored and 

analysed in accordance with the Human Tissue Act 2004 (262). Blood was sampled by a 

trained member of the CF MDT and samples were transferred for analysis at the co-

ordinating centre (UHBW). The samples were processed in the UHBW analytical 

laboratories according to site standard operating procedures (Appendix 4.5).  

 

Continuous glucose monitoring 

CGM (Ipro2®, Medtronic) was used to measure each participants glycaemia for five 

consecutive days. CGM has been validated for use in CF (141). Glucose tolerance can be 

highly variable in CF and CGM can detect clinically important hyperglycaemic events over 

a longer time frame than the standard clinical two-hour OGTT (143, 263, 264). CGM 

measures glucose concentration in the interstitial fluid rather than the blood; a filament 

glucose sensor is inserted into subcutaneous tissue and is connected to a transmitter 

device which sits on the skin (Figure 4.4).  

 
Figure 4.4: CGM device in situ 

 

 

The CGM sensor and transmitter device were inserted by a trained member of the 

participants CF clinical care team. An adhesive waterproof dressing was applied to ensure 

the CGM system remained in situ and to permit showering etc. A blinded CGM system 
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was chosen so that participants were unable to view the glycaemia data being recorded. 

The Ipro2 CGM system records average interstitial glucose concentrations every five 

minutes, and the glucose sensors have proven accuracy for up to six days (12). 

Participants were instructed to conduct and record four finger-prick capillary blood 

glucose measurements per day (pre-breakfast, lunch, dinner, and bedtime) while the 

CGM system was in situ to facilitate CGM calibration. Participants were also instructed to 

maintain usual dietary intake and physical activity levels during the CGM assessment 

period. On completion of the assessment period, the CGM device was removed. Removal 

was quick, easy, and painless; either the researcher or a member of the CF MDT did this, 

or participants removed the sensor themselves. Participants who opted for self-removal 

were provided with prepaid, insured, return packaging to return the CGM system to the 

researcher through the post. Glycaemia data were uploaded from the CGM transmitter 

device to the manufacturers’ software (https://carelink.minimed.eu/ipro/hcp/). The 

capillary blood glucose measurements were used to retrospectively calibrate the 

interstitial glucose values obtained from the CGM sensor. Glycaemia data were presented 

in graph format to provide feedback to the study participants during delivery of the 

dietary intervention (Figure 4.5), and the data were also exported into Microsoft Excel for 

analysis conducted by the researcher. 

 

 

Figure 4.5: Example glycaemia data from CGM assessment 
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Dietary intake  
Participants dietary intake was recorded over the same five-day period as the CGM 

assessment. An on-line dietary recall tool was used (INTAKE24; https://intake24.co.uk); 

this tool is a validated, self-completed, computerised dietary recall system, based on 

multiple-pass 24-hour recall (265-267). The recall is completed at one time, inputting all 

dietary information from the previous 24-hour period. The user logs the time of each 

eating episode and uses pre-programmed eating episode descriptors (breakfast, early 

snack or drink, lunch etc.) plus options to add in extra eating episodes as needed (Figure 

4.6). The INTAKE24 database includes 2800 generic and branded food items. A list of 

options related to the food/drink item inputted, and item-specific portion sizes (2500 

portion size images available), are presented to the user for selection (Figure 4.7). The 

INTAKE24 system also probes for additional information, which would typically be asked 

during an interviewer-led recall. Finally, the user can review all food and drink items 

inputted, providing a further opportunity to recall any missed items or information.  

Unlike traditional paper-based methods of dietary assessment, this technology-based 

method possesses benefits such as pre-programmed completeness checks and food 

photographs to enhance food recognition and portion size estimation. Data collection 

using this tool has been demonstrated to be of similar quality to interviewer-led recalls at 

a significantly lower cost (268). Evidence has demonstrated newer methods of dietary 

assessment to be preferred over traditional methods by an array of population groups, 

including adolescents and adults (269, 270).  

An interactive tutorial on how to use the online tool was provided by the researcher 

during research visit one, and a freely accessible video tutorial resource was available on 

the system homepage (http://intake24.co.uk/). Participants were issued with 

individualised, anonymised log-in details (username and password) and were instructed 

to access the tool to record their dietary intake once a day for the duration of the 

measurement period.  
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Figure 4.6: INTAKE24 – data logging  

 

 

Figure 4.7: INTAKE24 - food item and portion size options 
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When conducting CGM assessment, it is standard clinical practice to use a paper diary to 

record daily finger-prick capillary blood glucose measurements (required for CGM 

calibration) and dietary intake. All study participants were therefore also issued with a 

paper CGM diary (Appendix 4.6) to complete alongside recording their dietary intake via 

the online diet recall tool.  

 

Health Related Quality of Life  

HRQoL is a patient-based measure that assesses the impact of health and illness on the 

individual (271). It is a multidimensional construct that relates to the patient’s views on 

the wider impact of disease, encompassing physical and psychological health, functional 

capacity, relationships, and social networks. HRQoL is a subjective perception of the 

patient – or a patient-reported outcome (PRO). There is growing recognition of the 

importance of PROs in health outcomes research (272) and they are being increasingly 

used to evaluate new treatments and the progression of CF (273, 274). PROs can be 

measured using patient-reported outcome measures (PROMs); standardised sets of 

questions which are completed by patients without clinician interpretation (275). PROMs 

are widely used in research to provide the scientific basis for practice guidelines and to 

measure treatment effectiveness from the patients’ perspective (69, 275). The Cochrane 

review of the evidence for low GI diets for the treatment of diabetes mellitus 

Source: https://intake24.co.uk/ 

 

https://intake24.co.uk/
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recommended the inclusion of quality of life outcomes with validated instruments to 

determine the acceptability of incorporating a low-GI diet in a person’s lifestyle (117).  

The Cystic Fibrosis Questionnaire-Revised (CFQ-R) is a disease-specific instrument that 

measures HRQoL for people with CF, providing insight into quality of life in several 

different domains including physical health, emotional functioning and social functioning 

(187). The original CFQ was developed in France in 1997 (276); it was revised and 

translated into English in 2000 (277). The CFQ-R has undergone extensive reliability and 

validity testing and is widely used in CF clinical care and CF research (187, 278). It consists 

of 50 questions, organized into 12 domains (Appendix 4.7). Each question is based on a 

four-point Likert scale (e.g., always/often/sometime/never) and domain scores are scaled 

from a minimum of 0 to a maximum of 100; higher scores are indicative of better HRQoL 

(279). Four versions of the instrument are available: adults and adolescents ≥14 years of 

age (CFQ-R Teen/Adult); older children aged 12-13 years (CFQ-R Older Child), children 

aged 6-11 years – interview format (CFQ-R Young Child) and parent/caregiver of children 

aged 6-13 years (CFQ-R Child Parents/Caregivers). 

The CFQ-R was used to assess study participants HRQoL at baseline and at follow-up. 

Paper versions of the CFQ-R tool were used for pragmatic reasons; age-appropriate CFQ-

Rs were issued to participants, and parents where appropriate, and individuals were 

requested to complete the questionnaire during the research visit. The data collected on 

the CFQ-R were inputted into the freely assessable CFQ-R software by the researcher 

(https://cfqr-app.netlify.app/#/) to calculate the CFQ-R domain scores.  

 

4.4.2.2 Research visit 2: GI dietary intervention delivery (week 2; 60 minutes)  

 

Clinical status was assessed, via a telephone call to the participant prior to research visit 

2, using the modified criteria of Fuchs et al [63] to identify any exacerbations that may 

have occurred. If the participant reported any change to their usual health due to an acute 

exacerbation, research visit 2 was delayed for as long as needed for them to recover to 

their usual clinical status. Research visit 2 comprised of the delivery of the GI dietary 

intervention as detailed in section 4.4.6.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/cystic-fibrosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/likert-scale
https://cfqr-app.netlify.app/#/
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4.4.2.3 Research visit 3: Follow-up assessments (week 14; 60 minutes)  

Participants attended research visit 3 at their usual CF care centre, 12 weeks after the 

delivery of the dietary intervention. Clinical status was again reassessed using the 

modified criteria of Fuchs et al [63] and the assessments conducted at baseline were 

repeated; weight, height, derived BMI, FEV1, PERT, insulin regime (where applicable), 

glycaemia, dietary intake and HRQoL, using the methods described previously.  

 

4.4.2.4 Research visit 4: Acceptability and study feedback (week 16; 60 minutes) 

The final research visit comprised an in-depth, semi-structured interview to explore 

acceptability of the dietary intervention and the study processes. The qualitative 

investigation conducted is presented in full in Chapter 5. Briefly, semi-structured 

interviews were conducted with all study participants and with a sample of participants’ 

parents. The interviews were conducted by the researcher, face-to-face, at either the 

researcher’s workplace (NIHR Bristol Biomedical Research Centre), or at the participant’s 

home. Telephone interviews were offered as needed to facilitate participation. All the 

interviews were audio-recorded using an encrypted digital recording device, and 

transcribed verbatim and anonymised by a University of Bristol approved transcription 

company (UK Transcription). 

 

4.4.3 Study population 

4.4.3.1 Eligibility  

Individuals had to fulfil the following criteria to be eligible to participate in the feasibility 
study: 

• Aged 11-35 years 
• CF diagnosis based on either genotype and/or phenotypic presentation 
• IGT or CFRD as defined by:  

o HbA1c ≥42 mmol/mol (145) 
o Previous abnormal OGTT, defined as 2-h plasma 

venous sample ≥7.8mmol/l (146)  
o Previous abnormal CGM assessment, defined as % 

CGM time above 7.8 mmol/l being ≥4.5% (110) 



 113 

Pregnant women and those planning pregnancy, people with CF post lung transplant, 

individuals who were unable to give informed consent, and individuals whose 

understanding/command of English language was not of a sufficient standard to ensure 

informed consent and full participation in the research, were not eligible to participate. 

 

4.4.3.2 Eligibility revisions – protocol amendments made after trial commencement  

Two protocol amendments were made to the participant eligibility criteria after study 

commencement, on the advice of the CF MDT at the recruiting sites. The upper age limit 

of the feasibility study eligibility criteria was increased from 30 to 35 years of age. The 

original upper age limit of 30 years had been set as this feasibility research was focused 

on young people, but the patient database searches identified individuals with 

dysglycaemia in this higher age range who would have been denied the opportunity to 

participate in this research using the original age criteria. It was agreed by the CF MDT 

that increasing the upper age limit of the eligibility criteria would not affect the study, 

would increase the number of potential participants, and addressed an uncertainty 

related to trial design, a key function of feasibility research.   

 

An amendment to the definitions of dysglycaemia was also made. The original eligibility 

criteria stipulated a HbA1c value of 48mmol/mol; the recognised threshold value for 

diagnosing diabetes (70, 84), or a previous abnormal OGTT or CGM assessment. However, 

discussions with the CF MDT highlighted that those individuals who had not had either a 

OGTT or a CGM assessment, but whose HbA1c values indicated IGT, may have been 

denied the opportunity to participate in this research. The eligibility criteria was therefore 

amended to ≥42mmol/mol, the standard value indicating IGT (145).  

 

These protocol amendments were authorised by the sponsor (University of Bristol) and 

approved by the Southwest - Central Bristol REC and the HRA (Appendix 4.4). 
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4.4.4 Participant recruitment 

4.4.4.1 Participant identification 

Individuals receiving CF care at the participating sites were screened for eligibility through 

review of the CF clinical databases by the CF MDT. The study was introduced to eligible 

individuals during routine clinic appointments by a member of the CF MDT (Figure 4.3); a 

study invitation letter and an age-appropriate participant information sheet were 

provided to interested individuals (Appendix 4.8). Contact details of the research team 

were provided, and individuals were asked to make contact, or, with the individuals’ 

consent, their contact details were given to the researcher by the CF MDT member who 

introduced the study, so that the researcher could contact the potential participant one 

week later to discuss the study further. 

 

A purposive sampling strategy was planned to ensure maximum variation within the 

sample in relation to dysglycaemia status, age, and gender. However, due to small 

numbers of interested, eligible individuals, a convenience sampling approach was used, 

with everyone who wanted to take part in the study being recruited to it, subject to 

meeting the eligibility criteria. Any clinical concerns related to the suitability of an 

individual’s participation were discussed with the CF MDT before study enrolment. 

 

4.4.4.2 Consent and withdrawal 

Written informed consent was obtained from all participants at research visit one, using 

a purpose designed study consent form (Appendix 4.9). Consent was obtained prior to 

data collection commencing, in line with Good Clinical Practice guidance (280). The 

researcher or site PI was responsible for conducting the consent process. At the point of 

obtaining consent, the participant had had the study information and time to discuss this 

with family, friends and/or their CF clinical care team for a minimum of one week. There 

was opportunity to discuss any queries with the researcher/site PI prior to signing the 

consent form. For individuals aged 11-15 years, informed consent was obtained from a 

parent/carer and written informed assent obtained from the young person (Appendix 

4.9). The original signed forms were filed in the feasibility study master file and copies of 
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the signed consent form, and assent form where appropriate, were issued to the 

participant, filed in their medical records, and sent to their CF MDT.  

Upon study enrolment, participants were assigned a unique study number which included 

a site code (Table 4.1) and a participant number. Participant data were collected on 

purpose-designed case record forms (CRF) using the participants study number to ensure 

all data were anonymised (Appendix 4.10).  

 

Table 4.1: Recruiting sites identification codes     
 

 

 

 

 

All participants were advised during the consent process that they had the right to 

withdraw from the study at any time. All requests to withdraw from the study, made by 

either the participant or their CF MDT, were documented in the participant’s CRF, medical 

notes, site and master files, and a study withdrawal letter was sent to the participant’s 

home address. The CF MDT was informed where a participant withdrawal request was 

made. In all withdrawal cases, data collected up to the point of withdrawal was included 

in the analyses, unless an express wish was communicated by the participant for their 

data to be destroyed. 

 

4.4.5 Sample size 

No power calculation was used to determine the sample size, as being a feasibility study, 

it did not aim to assess the effectiveness of the intervention being evaluated (252, 281, 

282). There is scant specific guidance available on the appropriate size of feasibility 

studies; the average target sample size of UK pilot and feasibility trials is 30 participants, 

and this has been suggested as an acceptable size for a pilot study (218, 281). The target 

sample size in this study was 20 participants; this target was based on local populations 

Recruiting site Code 

Paediatric CF service, UHBW 01 

Adult CF service, UHBW 02 

Adult CF service, UHB 03 
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of individuals with CF and glucose abnormalities. It approaches the average UK sample 

size and was considered sufficient for this feasibility assessment. If significant attrition, 

defined as withdrawal of ≥5 participants, occurred over the study period then additional 

participants were to be recruited. 

 

4.4.6 GI dietary intervention 

Study participants received an individualised dietary intervention, developed specifically 

for this feasibility study, based on GI education and dietary planning. The intervention is 

described in full at the end of Chapter 3. In brief, the dietary intervention comprised of 

delivery of an educational component and dietary planning with a dietitian (the 

researcher). The educational component covered a number of topics: glycaemia in CF, 

components of dietary intake that can affect glycaemia, GI and GL and their effects on 

glycaemia. The aim of the intervention was to provide participants with GI education to 

enable them to implement dietary changes designed to lower dietary GI and GL, without 

compromising energy intake. Tailored dietary change goals were agreed between the 

participant and the dietitian. The intervention was delivered during research visit 2, either 

at the participants usual CF care centre or at their home, and the session lasted 

approximately 60 minutes. The dietary intervention was delivered by the researcher, who 

is a registered dietitian. A checklist was utilised to ensure key information was 

communicated to all participants (Appendix 4.11).  

Participants were provided with an age-specific (11-15 years or 16-35 years) GI education 

and dietary planning resource booklet at the start of the session (Appendix 3.11). The 

booklet was tailored to include individual baseline glycaemia data, presented in colour 

graph format. The educational component of the intervention was delivered verbally by 

the researcher, using the participant resource booklet as a teaching tool to guide and 

structure the session. The researcher checked participant understanding regularly during 

the session and encouraged questions throughout. 

Following the delivery of the educational component of the intervention, in-depth dietary 

planning was conducted, using a collaborative participant-researcher approach and use 

of BCTs, including MI and goal setting (236, 283). The researcher had access to the 
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participants baseline dietary intake data, recorded over the same period as their baseline 

CGM assessment, to facilitate dietary planning. Food items identified from the baseline 

diet record that may have been contributing to hyperglycaemic episodes were highlighted 

by the researcher and appropriate dietary targets were collaboratively developed. Dietary 

planning included the provision of practical advice to address potential challenges in 

relation to implementing the agreed dietary changes i.e., identifying lower GI food items, 

changes to PERT regime. 

Agreed dietary goals were documented in the participant resource booklet and in the 

study CRF. The CRF also allowed any details of the session that the researcher felt were 

pertinent to be recorded i.e., barriers to dietary change, solutions discussed, anticipated 

life events during the implementation period. The participant resource booklet provided 

a reference guide to support the implementation of the individualised dietary targets for 

12 weeks following intervention delivery. Participants were contacted by the researcher, 

by telephone or email at their preference, at the end of the first week of the 

implementation period to check progress and offer dietetic support as needed. This 

remote support was available as required for the duration of the dietary intervention 

implementation period.  

The researcher originally planned to introduce the participant’s baseline glycaemia at the 

start of the intervention session, followed by the education component and collaborative 

dietary planning. However, on completion of the first few intervention sessions, it became 

apparent that presenting the glycaemia data early in the session proved to be distracting 

for participants; they were focused on their CGM assessment to the detriment of the 

dietary education, and the researcher found it challenging to engage them with the 

information being conveyed. The researcher revised the session structure to deliver the 

education component first, and then to present the baseline glycaemia data in the dietary 

planning component to improve participant engagement with the intervention.     
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4.4.7 Study outcomes  

4.4.7.1 Outcomes related to the primary aim  

The feasibility of conducting a clinical study of a GI dietary intervention for people with 

CF and dysglycaemia was assessed through examination of study recruitment and 

retention rates, attendance at research visits, rates of data collection of dietary intake, 

glycaemia, clinical measurements (anthropometric measurements, lung function, HbA1c 

blood samples) and HRQoL data. Acceptability of the dietary intervention and the study 

processes was explored through semi-structured interviews with study participants and 

parents.  

 

4.4.7.2 Outcomes related to the secondary aim 

Intervention promise was explored by examining the outcome measures presented in 

Table 4.2 at baseline and follow-up: 
 

Table 4.2: Outcome measures 

Dietary energy, carbohydrate, total sugars, fat, saturated fat, protein, GI, GL  

Glycaemia 

HbA1c 

CGM: area under the curve (AUC), median absolute deviation 
(MAD), % time in hypoglycaemia, normoglycaemia and 
hyperglycaemia 

Anthropometry weight, height, BMI, lung function 

HRQoL CFQ-R scores 

 

4.4.8 Data protection 

All data collected in this study were maintained and stored in accordance with University 

of Bristol Information Access and Security Policy. Data were anonymised and stored 

securely on a password protected University of Bristol computer. Only the researcher had 

password access. Paper documentation was stored separately in locked filing cabinets in 

a restricted access University of Bristol research centre (NIHR Bristol BRC). 
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4.4.9 Data analysis 

Statistical analysis was led by the researcher with support provided by Dr Sam Leary, 

Associate Professor in Applied Statistics. Data analyses were carried out using Excel and 

Stata 17 statistical software.  

 

Primary outcomes 

All primary outcomes were descriptively analysed; data are tabulated using frequencies 

and percentages.  

 

Secondary outcomes 

Outcome measurements at baseline and follow-up were examined by gender; no specific 

gender trends were observed, and it was therefore deemed suitable to analyse males and 

females together. The normality of the data was assessed for the whole sample through 

visual inspection of histograms, and non-normal distribution was observed. Log 

transformation is frequently utilised for non-normal data in an attempt to decrease 

variability, but normal distribution is often not achieved when log-transforming small 

datasets and it can add unnecessary complexity when analysing the data (284). Log-

transformations were therefore not applied to this dataset due to the small study sample 

size; instead, non-parametric measures are reported. Data are tabulated using medians 

and interquartile (IQR) ranges, and Wilcoxon signed-rank paired tests (non-parametric) 

were used to assess whether there was any change in the secondary outcomes between 

baseline and follow-up time points.  

 

Glycaemia data 

Glycaemia data, captured using CGM, were analysed using GLU;  a new, open-source, 

freely available software package for analysing CGM data 

(https://github.com/MRCIEU/GLU) (285). GLU performs quality control of each CGM 

dataset to ensure reliable analyses (286), derives a set of summary glucose variables and 

outputs these to the user in a comma-separated value (CSV) file format. GLU is 

https://github.com/MRCIEU/GLU
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implemented in the statistical software package R (https://www.r-project.org/) and 

supports CGM data from a range of devices including the Medtronic iPro2 used in this 

study. The following glycaemia summary variables were derived from the CGM data 

collected: area under the curve (AUC), characterising overall glucose levels, which was 

calculated using the trapezoid method (287); median absolute deviation (MAD), the 

median distance of glucose values from the median value, as a measure of overall 

variability of sensor glucose levels, and the proportion of time spent in hypo-, normo- and 

hyperglycaemic ranges. GLU uses recognised thresholds for defining glucose control using 

CGM; hypoglycaemia is defined as <3.5mmol/L and hyperglycaemia is defined as 

≥7.8mmol/L (288).  

 

Dietary glycaemic index and glycaemic load calculations  

GI values were assigned to individual food and drink items recorded in the participant 

dietary intake records according to the strategy displayed in Figure 4.8, which was 

developed from previous published methods (289, 290). GI values were obtained from 

the following data tables: 1) The International Table of GI and GL Values (291) – this was 

the primary data source; 2) The University of Sydney Glycaemic Index Research Service; 

3) a study of a UK food composition database completed with GI values (292). Whenever 

possible, UK GI values were used for better representation of the characteristics of the 

foods consumed by the sample. 

Dietary GI was calculated by summing the weighted GI of individual foods, with the 

weighting proportional to the contribution of individual foods to total carbohydrate 

intake. The GL of each food item was calculated by multiplying each foods GI value by the 

amount of available carbohydrate per serving:  

GL=GI (%) x carbohydrate (g) 

Dietary GL was calculated as the product of the GI and carbohydrate content for each 

food, summed for all foods items. The dietary GI and GL values derived over the dietary 

recording period were then averaged to provide daily dietary GI and GL values. 

  



 121 

Yes 

Yes 

Yes 

Yes 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adapted from Louie et al, 2015 (289) and Murakami et al, 2013 (290) 

 

 

 

Figure 4.8: Decision algorithm for assigning GI values to individual food and drink items 

Step 1. Does the item 
have ≤2.5g CHO/100g?  Assign GI=0 

Step 2. Is there a 
direct match in the 
GI databases used? Assign GI 

  

Step 3. Is there a closely 
related food item GI 
databases used? 

Assign GI value  

Step 4. Is the median GI value 
of the food subgroup available?  

Step 5. Assign the following nominal 
GI values if the item is categorised 
as: 

• Vegetables: GI=40  
• Dairy products: GI=30 
• Sauce: GI=60 
• Dressing: GI=30 

Step 6. Assign a 
nominal GI=50 value 

Assign GI value  
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4.5 Results 

4.5.1 Participant recruitment 

Recruitment for the study commenced in September 2018 and ended in October 2019. 

Data collection ended in April 2020. CF database searches were conducted at the three 

participating sites (Bristol paediatric CF service, Bristol adult CF service and Birmingham 

adult CF service) between September 2018 and September 2019. A total of 580 individuals 

were screened and 76 (13%) were identified as potentially eligible to participate in the 

study. Participant flow across all recruiting sites is illustrated in Figure 4.9 and Table 4.3 

presents a breakdown of recruitment by site.    

 

Figure 4.9: Participant flow across all recruiting sites 
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Table 4.3: Recruitment by site 

 All sites 
Bristol paediatric 
CF service  

Bristol adult  

CF service 

Birmingham 
adult CF 
service 

Individuals screened (n) 580 187 201 192 

Eligible individuals (n) 76 (13%) 26 (14%) 25 (12%) 25 (13%) 

Participants recruited (n) 24 6 7 11 

Recruitment rate (%) 32 23 28 44 

Recruitment period 
(months) 

13 13 13 13 

 

 

4.5.1.1 Study sample 

A sample of 24 people with glucose abnormalities attending specialist CF clinics were 

enrolled into the study, representing 32% of individuals identified as eligible, and 

achieving 120% of the recruitment target (n=20). Baseline characteristics of the sample 

are displayed in Table 4.4. 

The recruitment target was purposively exceeded to account for study attrition; as per 

study protocol, if significant attrition (defined as withdrawal of ≥5 participants) occurred 

over the study duration then additional individuals were to be recruited. Recruitment 

therefore remained open after the recruitment target was reached. Reasons for non-

participation were explored by the members of the CF MDT who introduced the study 

and included: 

• Focusing on physiotherapy and did not feel able to make dietary changes  

• Could not commit to the time involved due to work  

• Did not want to do finger prick blood measurements to calibrate CGM device 

• Felt that even small dietary changes would be too difficult to achieve 

• Felt they had recently stabilised their blood sugars with insulin therapy and did 

not want to do anything to jeopardise this 

• Participation in other research studies 

• Not interested in participating in research at that time 
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  Table 4.4: Baseline participant characteristics 
Variable Sample (n=24) 

Age (y), median (IQR) 23 (17, 28) 

Gender (n, % female) 16 (67) 

Ethnicity (n, %) 

White 

Asian 

 

23 (96) 

1 (4) 

Employment/School status (n, %) 

Attending school/college outside the home 

Working (full- or part-time) 

Not attending school or work due to health 

 

7 (29) 

10 (42) 

7 (29) 

Weight (kg), median (IQR) 

Height (m), median (IQR) 

55.8 (51.2, 62) 

1.62 (1.59, 1.67)  

BMI (kgm-2), median (IQR)  21.4 (20.1, 22.9) 

Lung function, median (IQR)  

FEV1 (L) 

FEV1% predicted (%), median (IQR) 

 

1.86 (1.49, 2.26) 

57 (47, 76) 

Pancreatic insufficiency (n, %) 24 (100) 

HbA1c (mmol/mol), median (IQR) 50 (44, 76) 

CFRD (n, %) 19 (79) 

CFRD treatment (n, %) 

Insulin 

Metformin 

Sitagliptin 

No treatment 

 

18 (95) 

2* (11) 

1* (5) 

1 (5) 

  * Two participants received multiple CFRD treatments 
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Participants ranged in age from 12 to 33 years and the majority of the sample was white 

(96%) and female (67%). Twenty-nine percent of the sample reported being unable to 

attend work or education due to their health. Median BMI of the sample was 21.4 kgm-2, 

ranging from 16.5kgm-2 to 37.8kgm-2. Lung function, measured as FEV1 percent predicted, 

ranged from 28% to 92%, with a median of 57%. All participants were pancreatic 

insufficient and utilised PERT.  

As per the study eligibility criteria, all participants had dysglycaemia and the elevated 

median HbA1c reflects the large incidence of CFRD in the group; 79% of the sample had a 

diagnosis of CFRD. Ninety-five percent of these individuals were receiving insulin therapy. 

A range of insulin regimens were reported; long-acting basal insulin (Lantus, Levemir, 

Tresiba), short-acting insulin for meal coverage (Novorapid, Humalog, Apidra, Fiasp) and 

MDI. None of the participants utilised diabetes technologies such as insulin pumps or 

CGM systems for their CFRD management. One participant reported that their insulin 

therapy had been stopped due to night-time hypoglycaemia and abnormal blood glucose 

measurements during a recent hospital inpatient admission. Two participants were 

receiving multiple CFRD treatments; one participant with a raised BMI (37.8kgm-2) was 

receiving oral biguanide (metformin) treatment in addition to insulin therapy, and one 

individual was receiving oral sitagliptin; a dipeptidyl peptidase-4 (DPP-4) inhibitor which 

increases insulin secretion, in addition to metformin and insulin therapy. No participants 

who had IGT were using insulin therapy.  

 

4.5.1.2 Retention 

Retention of participants in the study was 71% (n=17). Six participants (five female) were 

withdrawn by the CF MDT, or withdrew, from the study and did not provide any further 

data. Reasons for study attrition included decisions by the CF MDT due to clinical 

instability (n=2) and change to insulin regimen (n=1), and participant withdrawal requests 

due to work commitments (n=1), inability to keep the CGM device in situ (n=1) and family 

illness (n=1). One individual was lost to follow-up after research visit 1. 
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4.5.1.3 Attendance at research visits 

All participants attended the baseline data collection research visit. Table 4.5 outlines the 

number of participants that attended each of the subsequent research visits; five 

participants had been withdrawn/withdrew from the study before the delivery of the 

dietary intervention at research visit 2.  

 

Table 4.5: Attendance at research visits 

 

4.5.1.4 Adverse events 

No adverse events were reported during this feasibility study. 

 

4.5.2 Data collection of outcome measures  

Table 4.6 presents the data collection rates for the outcome measures:   

 

Table 4.6: Outcome measures – data collection 

Outcome measure Baseline, n (%) follow-up, n (%) 

Glycaemia – CGM 23 (96%) 17 (71%) 

Glycaemia – HbA1c  24 (100%) 16 (67%) 

Dietary intake 23 (96%) 17 (71%) 

HRQoL  23 (96%) 17 (71%) 

Anthropometrics 

(height, weight, derived BMI)  
24 (100%) 17 (71%) 

Lung function (FEV1, FEV1% 
predicted) 

24 (100%) 17 (71%) 

BMI: body mass index; CGM: continuous glucose monitoring; FEV1: forced expiratory volume in 1 second;  

HbA1c: glycated haemoglobin; HRQoL: health related quality of life 

  

Research visit 1    2 3 4 

Participants, n (%) 24 (100) 18 (75) 17 (71) 17 (71) 
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4.5.2.1 Glycaemia 

 

Continuous Glucose Monitoring 

Glycaemia data, measured by CGM, were obtained for 96% of participants at baseline; 

one participant did not return the CGM device after research visit 1 and was lost to follow-

up at this point. This participant was withdrawn from the study and the CGM device was 

returned to the CF MDT at a subsequent clinic appointment. Follow-up CGM glycaemia 

data were obtained for 71% of participants. One participant requested to be withdrawn 

from the study as they were unable to keep the CGM device in situ. All participants 

provided sufficient finger-prick capillary blood glucose measurements to enable CGM 

calibration. Participants’ views and experiences of the CGM assessment were explored 

via qualitative interviews and are presented in Chapter 5.  

 

Glycated haemoglobin  

HbA1c was recorded for 96% of participants at baseline (n=23) and 67% of participants at 

follow-up (n=16). For participants who had HbA1c measured as part of routine CF clinical 

care within six weeks of their baseline and follow-up research visits, this result was used 

where available to minimise participant burden by preventing unnecessary additional 

blood sampling. This applied to 11 of the participants (48%). HbA1c was determined for 

the other participants using the methods described for blood sample collection, 

processing and HbA1c analysis (section 4.4.2.1). One participant declined blood sample 

collection at follow-up citing needle phobia.  

 

4.5.2.2 Dietary data  

Participants were asked to record their dietary intake for five consecutive days using the 

online diet recall tool previously described (section 4.4.2.1). As per standard clinical 

practice when conducting CGM assessment, participants were also instructed to 

complete a paper CGM diary to record capillary blood glucose measurements and dietary 

intake (Appendix 4.6). 
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Ninety-six percent (n=23) of participants provided dietary intake data at baseline and 67% 

(n=16) at follow-up. One participant did not provide any dietary data at follow-up; they 

were moving house at the same time as the CGM assessment and dietary intake recording 

period and reported that they did not have the capacity to complete the dietary records. 

Dietary data were recorded for an average of 4.5 days at baseline and follow-up, and all 

but one participant provided at least three days of complete dietary intake data at both 

measurement time points. Data collected from one participant who withdrew from the 

study after the baseline research visit were excluded from the analysis as they only 

provided one day of dietary intake. 

There were varying levels of completion of the dietary recording tools by the study 

participants. All participants completed the paper CGM food diary to some degree, but 

the level of detail provided was highly variable. Capillary blood glucose measurements 

and the timings of these measurements were more consistently recorded than food and 

drink intake; quantities and components of composite food items, and the times of 

consumption were often missing in the dietary descriptions. Twenty-four percent (n=4) 

of the participants who completed the study did not enter any dietary data using the 

online diet recall tool, instead opting to return the completed paper CGM food diary and 

requesting that their dietary data be inputted into the INTAKE24 system by the 

researcher. The reasons for not using the online diet record tool were explored with the 

participants when they returned the paper CGM food diary and included: 

• Tool only available via a computer and not via an app for use on smartphone or 
tablet device  

• No computer access  
• Too much hassle to log in at the end of the day and fill in the whole day; would 

prefer to complete as they ate/drank throughout the course of the day 
• Difficulties with spelling; INTAKE24 did not recognise some descriptions as typed 

by participants  
• Preference for a paper food diary 
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The dietary data recorded in these participants paper CGM diaries were inputted into the 

online diet recall tool by the researcher; this involved additional follow-up phone calls 

with the participants to clarify descriptions and to obtain further details where necessary. 

All remaining participants recorded their dietary intake using INTAKE24. The data 

provided in the paper food diaries were used to cross-check the online dietary recordings 

where possible. Any discrepancies between the datasets were explored and resolved with 

the participant at research visits 2 and 4.  

 

4.5.2.3 Health Related Quality of Life  

All participants completed an age-appropriate version of the CFQ-R HRQoL questionnaire 

at baseline (n=24) and all participants who finished the study completed an age-

appropriate CFQ-R at follow-up (n=17). Two parents of paediatric participants completed 

the parent/caregiver’s version of the questionnaire. Pre-post CFQ-R domain scores for 

study participants who completed assessments at both time points are presented in 

Figure 4.10.   
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Figure 4.10: CFQ-R domain scores at baseline and follow-up 
 

 

 

Each domain is scored from 0-100 and higher scores indicate higher quality of life. The 

following domains increased or stayed the same between the study timepoints: emotion, 

treatment, health (increased); weight and digestive (stayed the same). The following 

domains decreased from baseline: physical, vitality, eat, social, body, role, respiratory. 

The changes in domain scores observed, whether positive or negative, were all small, 

suggesting minimal impact of the intervention on quality of life in this sample.    

 

4.5.3 Calculating dietary glycaemic index and glycaemic load of dietary intake 

Four hundred and seventy-three food and drink items in the participant dietary intake 

records were assigned a GI value using the strategy presented in the analysis plan (section 

4.4.9). The number of food/drink items assigned a GI value at each step of the decision 

baseline follow-up
physical 67.8 63.8
vitality 50.6 49.4
emotion 71.1 72.1
eat 85.0 83.7
treatment 58.2 60.8
health 55.6 62.2
social 68.6 67.1
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role 74.4 72.8
weight 64.4 64.4
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algorithm are presented in Appendix 4.12. Average dietary GI and GL were calculated 

from the dietary data collected at baseline and follow-up using the methods described in 

the analysis plan (section 4.4.9).  

 

Table 4.7 presents the calculated dietary GI and GL values for the sample; median dietary 

GI at baseline was 55.7 (IQR: 51.9 – 58.9) and median dietary GL was 148 units (IQR: 

128.1–210.9 units). At follow-up, median dietary GI was 53 (IQR: 51.7 – 55.5) and median 

dietary GL was 128 units (IQR: 107.2–167.7 units).  

 

4.5.4 Indicators of intervention promise 

Evidence of promise of the dietary intervention was explored by examining the change 

scores for all secondary outcome measures. Table 4.7 displays baseline, follow-up and 

change data for the outcome variables measured. Outcomes are presented as medians 

and IQR. Non-parametric Wilcoxon signed rank tests were conducted to examine change 

from baseline to follow-up. These results must be interpreted with caution; P values are 

presented as an indicator of intervention promise only (293).  

 

4.5.4.1 Energy and nutrient intakes  

The dietary outcome variables of interest in this study were energy, carbohydrate, total 

sugars, protein, fat and saturated fat, GI, and GL. All dietary data are presented in Table 

4.7. 

 

Energy 

Median daily energy intake at baseline was 2188 kcal, and 2105 kcal at follow-up. A 

median daily decrease of 75 kcal (3% total energy) was observed between baseline and 

follow-up (Table 4.7). Energy intakes ranging from 110-200% of the estimated average 

requirements (EAR) for the non-CF general population are advised in CF management 

(45). EAR for energy for adult males and females in the UK are 2500 kcal/day and 2000 
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kcal/day respectively (294, 295). Most of the sample were female (67%), therefore 

comparison using the female EAR demonstrates that the median daily energy intake of 

the sample fell just short of the lower end of the CF energy requirements range at both 

baseline and follow-up (109% and 105% of recommended intake, respectively). 

 

Macronutrients 

The macronutrient profiles of the sample at baseline and follow-up were examined in the 

context of current CF dietary guidelines (46, 70). Macronutrient energy contributions at 

baseline were comprised of 48% from carbohydrate (23% total sugars) - exceeding the 

recommended range (40—45%), and 34% from fat (13% from saturated fat) – falling just 

short of the lower end of the recommended range (35-40%). At follow-up carbohydrate 

provided 41% of energy (15% total sugars) – which was within the recommended range, 

and 40% derived from fat (14% from saturated fat) – also within the recommended range. 

A significant reduction in total sugars was also observed between baseline and follow-up 

timepoints (-30.2g p=0.003; Table 4.7). Protein intake at both timepoints was in line with 

recommendations for the non-CF general UK population rather than meeting CF 

recommendations (15% total energy) (Table 4.7).  

 

Nutrition support 

Some of the participants utilised nutrition support in the form oral nutritional 

supplements (ONS) and enteral feeds, prescribed by their clinical CF MDT to help meet 

their nutritional requirements. These supplementary nutritional products are classified as 

Foods for Special Medical Purposes (FSMP) and their nutrient contributions were not 

included in the dietary data analyses as the focus of this study was on modifiable dietary 

factors. No changes were made to the regimens of participants on established FSMP 

therapy, and no new nutrition support was commenced by any of the participants during 

the study. 
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4.5.4.2 Glycaemia 

Glycaemia was measured using HbA1c and CGM. Median HbA1c reduced from 50 

mmol/mol at baseline (IQR 44–76 mmol/mol) to 46mmol/mol at follow-up (IQR 44-

66mmol/mol). The glycaemia data captured using CGM were analysed using the GLU tool 

described previously (section 4.4.9), and the following summary variables were derived: 

AUC, representing overall glucose levels; MAD, a measure of overall variability of sensor 

glucose levels, and the proportion of time spent in hypo-, normo- and hyperglycaemic 

ranges. No significant changes in these variables were observed between baseline and 

follow-up; a small reduction in MAD occurred, whilst AUC remained the same, but the 

proportion of time in normo-glycaemic range increased, with subsequent reductions in 

the amount of time spent in both hypo- and hyperglycaemic ranges (Table 4.7).  

 

4.5.4.3 Anthropometry and lung function 

Weight, BMI, and lung function data are presented in Table 4.7; no significant changes in 

these variables were observed between baseline and follow-up. There was no significant 

change to energy intake as a result of implementing the dietary intervention, and this is 

reflected in the stable weight and BMI data observed.  



 

 

 

Table 4.7: Median (IQR) values for outcome variables at baseline and follow-up and median (IQR) change between timepoints 

 Baseline Post-intervention  Change 

n median (IQR) n median (IQR) P value median (IQR) 

Energy, kcal 23 2188 (1923, 2763) 16 2105 (1969, 2933) 0.4 -75 (-732, 350) 

Carbohydrate, g 

%TEI 

23 278 (242, 375) 

48 (45, 54)  

16 262 (220, 308) 

41 (39, 43) 

0.02 

0.007 

-38 (-130, 8) 

       

Total sugars, g 

% TEI 

23 138 (117, 175) 

23 (20, 29) 

16 99 (81, 130) 

15 (15, 17) 

0.003 

0.0008 

-30.2 (-82.2, -10.6) 

Fat, g 

%TEI 

23 86 (79, 113) 

34 (31, 38) 

16 94 (73, 140) 

40 (33, 44) 

0.6 

0.04 

2.1 (-10.5, 18.7) 

Saturated fat, g 

%TEI 

23 33 (28, 44) 

13 (12, 14) 

16 32 (23, 49) 

14 (11, 15) 

0.6 

0.7 

-1.1 (-7.7, 6.9) 

Protein, g 

%TEI 

23 89 (69, 103) 

15 (13, 17) 

16 91 (79, 131) 

15 (14, 19) 

0.4 

0.1 

8.9 (-9.5,22.9) 

Alcohol 

%TEI 

17 0 (0, 0) 

0 (0, 0) 

11 0 (0, 22.9) 

0 (0, 1.2) 

0.7 

0.8 

-- 

Glycaemic index 23 55.7 (51.9, 58.9) 16 53 (51.7, 55.5) 0.5 -1.2 (-8, 4.7) 

Glycaemic load 23 148 (128, 211) 16 129 (107, 168) 0.006 -30.5 (-84.5, -7.7  

       

Weight, kg 23 55.8 (51.2, 62) 17 56.5 (49.9, 64.7) 0.6 -0.3 (-1.1, 2.1) 

BMI, kgm-2 23 21.4 (20.1, 22.9) 17 21.3 (19.7, 22.7) 0.6 -0.1 (-0.5, 0.7) 
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%TEI: percentage total energy intake; AUC: area under the curve; BMI: body mass index; FEV1: forced expiratory volume in one second; HbA1c: glycated haemoglobin 

MAD: median absolute deviation  

 

 

 

 

Lung function 

FEV1 

FEV1 % predicted 

23  

1.86 (1.49, 2.26) 

57 (47, 76) 

17  

1.91 (1.47, 2.65) 

57 (44, 77) 

 

0.7 

0.4 

 

0 (-0.1, 0.07) 

-1 (-3.5, 1) 

       

HbA1c, mmol/mol 23 50 (44, 76) 16 46 (44, 66) 0.8 -1 (-2, 2) 

AUC 23 6.9 (6.2, 9.0) 16 6.9 (6.1, 8.2) 0.8 -0.24 (-0.45, 1.1) 

MAD 23 1.2 (0.6, 2.1) 16 0.8 (0.6, 1.8) 0.7 -0.05 (-0.3, 0.3) 

Hypoglycaemic (% time) 23 1 (0, 6) 17 0 (0, 3.5) 0.5 -1 (-2.5, 2) 

Normoglycaemic (% time) 23 62 (41, 80) 17 68 (35, 87.5) 0.6 2 (-7, 8.5) 

Hyperglycaemic (% time) 23 29 (15, 53) 17 30 (9.5, 59.5) 0.9 -1 (-9.5, 11) 



4.6 Discussion 

4.6.1 Study recruitment and retention 

Participants were successfully recruited and enrolled into this feasibility study and a 

moderately high level of participant retention was achieved. Reasons for participation and 

non-participation in the study were broadly similar to the findings from other research; 

study participation is often associated with personal interest and acquisition of 

knowledge to improve or stabilise health, in addition to altruistic reasons (296, 297), and 

reasons for refusing participation or withdrawing after study enrolment have been 

attributed to work commitments, change of mind and demands of the study such as 

appointments, procedures and travel (298, 299). Participant attrition in this study 

included withdrawal decisions made by the CF MDT, related to clinical instability of 

participants. This highlights the vulnerability of this clinical group, and it was right that 

optimal clinical management of individuals took priority over the research. The majority 

of participants withdrew, or were withdrawn, from the study before the delivery of the 

dietary intervention, suggesting that withdrawal was not related to their experience of 

the dietary intervention. Study attrition must be fully considered in recruitment plans for 

future trials. 

This feasibility study was designed to minimise participant burden and as a result 

attendance at research visits and retention of participants was high. Stakeholder 

involvement is of fundamental importance to ensure that interventions are appropriately 

designed, realistic, and effective for their context (300). A range of stakeholders were 

involved in the development of this study, as detailed in Chapter 3, and this involvement 

will continue as a crucial element in the future development of this research. Study 

participation was facilitated by scheduling research visits to coincide with routine CF clinic 

appointments and by offering home visits where possible, to reduce the time burden 

associated with the study. Findings from participant experiences of taking part in NIHR 

funded studies highlighted that an individual’s time is one of the most important factors 

impacting participation and must be respected (301).  
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Clinical trial participation rates have been shown to be high in the CF community (302). 

The recent COVID-19 pandemic has focussed attention on alternative methods of 

delivering clinical research; telehealth, referring to the use of technologies such as 

telephone, videoconferencing and digital monitoring to improve health outcomes (303), 

has been trialled as a remote mode of service delivery (304-306) and research indicates 

that it is an acceptable and viable alternative to in-person appointments (305-307). Use 

of alternative methods to continue to encourage engagement in CF clinical research must 

be fully considered in future studies.      

 

4.6.2 Data collection  

Collection of valid data for the chosen study outcome measures was achieved using the 

methods proposed. All participants completed the data collection processes at baseline, 

except for one individual who was lost to follow-up, and participants retained in the study 

completed the follow-up data collection processes at the end of the study. 

 

Glycaemia 

CGM technology was utilised with good effect to collect glycaemia data from the study 

sample. CGM has been highlighted as a robust research tool (308) and is validated for use 

in the CF population to diagnose and monitor CFRD (141). It is a useful tool for measuring 

glycaemia in a free-living setting and provides information on intra- and inter-day glucose 

excursions, thereby capturing a more complete picture of glucose profiles than HbA1c 

(308). The high compliance to CGM assessment reported in this study is in agreement 

with findings from studies of interventions using CGM technology in Type 1 and Type 2 

diabetes (309, 310), but evidence on the acceptability of CGM in the CF population is 

limited. To our knowledge, only one study has examined CGM acceptability in people with 

CF; in this study of 30 individuals, CGM was considered intrusive by some, but it was also 

perceived as a useful and acceptable tool for the monitoring of CFRD, with a low side-

effect profile (311). As discussed previously, newer CGM technologies no longer require 

calibration blood tests, which may improve user acceptability.  
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CGM use is associated with improvements in glycaemic control (312) but difficulties in 

interpreting CGM data have been highlighted (308), and recommended metrics have only 

recently been introduced (313). A novel aspect of this feasibility study was the use of the 

GLU software package for analysing the CGM data (285); GLU was successfully 

implemented in R statistical software to obtain summary glycaemia variables from the 

CGM glycaemia data collected. The ability to collect valid CGM data from this clinical 

group and to analyse these data to derive recommended metrics is a positive outcome 

from this feasibility assessment. 

 

Dietary intake  

Dietary intake is complex and challenging to measure; all dietary assessment methods 

have limitations (314) and issues such as misreporting, comprising both under- and 

overreporting, and inaccuracies of self-reporting are well recognised (315). Traditional 

methods of dietary assessment can be impractical for research studies as time-consuming 

and costly nutrition coding is required. Online diet recall tools, such as the one used in 

this study, have been found to reduce the time taken to complete diet records, and 

reduce participant and researcher burden when compared with other dietary assessment 

methods (316). There was a mixed response in relation to the online diet recall tool used 

in this study. A systematic review conducted to assess the effect of technology-based food 

record methods on diabetes control and nutrition outcomes, failed to make any specific 

recommendations for nutrition technology use for people with diabetes, due to a lack of 

empirical evidence (317). Alternative technology-based dietary assessment tools, that are 

appropriate for the UK population, are available (318-320) and future work should 

consider differing systems, collaboratively with stakeholders, to identify the most 

appropriate dietary assessment methods for a future trial.    

 

Health Related Quality of Life  

The CFQ-R tool used in this study is widely used in CF clinical care and CF research (98). It 

is a reliable, validated HRQoL measure and the only CF-specific tool that has scales for 

both children and adults (321). It does not have questions specifically related to glucose 
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abnormalities but does comprise a sub-section related to treatment burden (187) and has 

recently been used to examine differences in HRQoL based on the severity of glucose 

intolerance in CF (279). In the study by Kwong et al (279), linear regression models were 

used to investigate the relationship between diagnostic categories for glucose tolerance 

and the CFQ-R domains. The median score was significantly worse for individuals with 

CFRD compared to the other groups, leading the authors to conclude that the additional 

requirement of insulin therapy significantly contributes to treatment burden in adults 

with CF and that novel strategies to reduce treatment burden are required (279).   

In the present study, the CFQ-R was found to be an acceptable HRQoL instrument by the 

participant sample; high levels of CFQ-R completion were achieved, the data collected 

were successfully inputted online, and pre-post domain scores were calculated using the 

CFQ-R software available. No statistical analysis of the CFQ-R scores was conducted as the 

primary study objectives were to establish if the proposed methods of data collection 

were feasible, but analysis of results will feature in future work related to the proposed 

dietary intervention.         

 

4.6.3 Indicators of intervention promise 

It should be reiterated that the findings from this feasibility assessment provide an 

indication of intervention promise only, which may be useful to inform future research.    

 

Dietary intake 

Calculation of dietary GI of the participants dietary intake highlighted consumption of a 

medium GI diet before dietary intervention. This finding is comparable to a recent study 

by Armaghanian et al, that examined the nutritional quality of dietary intake of adults 

attending a specialist CF clinic in Australia; this study also showed consumption of a 

medium GI diet (mean GI=55) (322). Dietary GI in both this feasibility study and the study 

by Armaghanian et al (322) was lower than the mean dietary GI for the UK population 

(58.2 for men and 56.6 for women) presented by the European Prospective Investigation 

into Cancer and Nutrition (EPIC) study (323). This may be partly explained by the 

https://www.sciencedirect.com/topics/medicine-and-dentistry/linear-regression-analysis
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differences between CF dietary recommendations and healthy eating guidance for non-

CF populations. CF nutritional therapy focuses on a high-fat diet; dietary fat significantly 

modifies the plasma glucose response to mixed meals (324, 325) and it may therefore be 

the case that people with CF naturally consume a lower GI diet than non-CF populations.   

Dietary intervention in CF has historically focused on an energy-dense diet. Energy 

requirements in CF are dependent on an individual’s clinical status and vary considerably; 

European CF guidelines recommend an energy intake ranging from 110%-200% of the 

recommended intake for the non-CF general population (46). Higher proportions of fat 

and protein than the non-CF general population are also advised; current guidance 

promotes a macronutrient distribution of 35%-40% energy from fat, 40%-45% from 

carbohydrate, and 20% from protein (46). Australian and New Zealand CF guidelines make 

similar recommendations for energy, but advise a lower fat intake; 20%-30% of total daily 

energy, increasing to 35%-40% for paediatrics and for individuals requiring nutritional 

repletion (65).  

Clinical practice suggests that the traditional CF diet can be disproportionately comprised 

of energy-dense, nutrient-poor foods that are high in saturated fat and added sugar and 

salt. A recent study found that children with CF achieve higher energy intakes than the 

general population by frequent consumption of these foods (326). A multicentre, 

paediatric study demonstrated suboptimal nutrient profiles among 207 European 

children with CF (327); high sugar intakes and high intakes of saturated fatty acids were 

identified, resulting from overconsumption of sweets and snacks, high intakes of 

processed foods, meat, and dairy, and a low consumption of fish, nuts, and legumes (327). 

In the adult CF population, a recent systematic review identified wide ranges in dietary 

macronutrient intake (fat: 20%-49%, carbohydrate: 32%-67%, and protein: 8%-23% of 

total energy intake) and the review found no association between macronutrient 

distribution and several nutrition-related outcomes including glycaemia, BMI and lung 

function (328). The constraints of the available evidence were highlighted as a limitation 

of this review; only seven cross-sectional studies were identified for inclusion and the 

evidence for all outcomes was graded as low in certainty (328).   

In this feasibility study, the median daily energy intake of the sample fell just short of the 

lower end of the CF energy requirements range at both baseline and follow-up. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/caloric-intake
https://www.sciencedirect.com/topics/medicine-and-dentistry/fat-intake
https://www.sciencedirect.com/topics/medicine-and-dentistry/saturated-fatty-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/caloric-intake
https://www.sciencedirect.com/topics/medicine-and-dentistry/cystic-fibrosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/saturated-fatty-acid
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Carbohydrate intake exceeded current recommendations at baseline but was within 

range at follow-up, and a significant reduction in total sugar intake was observed between 

the study timepoints. Energy intake from fat increased after dietary intervention and met 

European CF dietary guidance at follow-up. Daily protein intake did not achieve CF 

recommendations at baseline or follow-up, but was almost twice the EAR for protein for 

the UK adult population (295). It should be acknowledged that current CF protein intake 

guidance is based on CF expert opinion consensus rather than evidence-based 

recommendations (46, 77).  

The study by Armaghanian et al (322) is the first to present findings on dietary quality in 

people with CF and dysglycaemia. To our knowledge, only one other study has explored 

the role of macronutrients in glycaemic control in CF (329). This cross-sectional study 

reported on the relationship between macronutrient intake and glycemia (measured by 

CGM) in 36 adults with CF, classified as NGT (n=10), IGT (n=10), or CFRD (n=16). Average 

energy consumption and the proportion of energy from macronutrients were similar in 

all three groups; fat: 21%-47%, carbohydrate: 32%-65% and protein: 10%-22% of total 

energy intake. The study found no relationship between dietary macronutrient 

distribution and glucose fluctuations.  

 

Glycaemia 

A reduction in HbA1c was observed in this feasibility study and the proportion of time 

spent in normo-glycaemic range was increased at follow-up, suggesting some 

improvements in glycaemic control.  

As presented in Chapter 2, we are aware of only three other studies that have investigated 

the effects of GI dietary intervention on glycaemia in CF (192-194), although dietary 

intervention was not the primary focus in two of these studies (192, 193). In the study by 

Ntimbane et al (192), which investigated the relationship between glucose metabolism 

and oxidative stress in a group of adolescents with CF, a sub-sample of nine participants 

with IGT received dietary intervention which comprised of education to avoid high GI 

foods and concentrated sugars. This study found that of the nine participants who 

https://www.sciencedirect.com/topics/medicine-and-dentistry/impaired-glucose-tolerance
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received the dietary intervention, glycaemia improved to NGT in six cases, one remained 

stable with IGT, and two individuals developed CFRD.  

The study by Piechowiak et al details a retrospective evaluation of dysglycaemia in a 

sample of 12 children with CF over a 12 year period (2002-2014)(193). A ‘high-GI product 

restricted diet’ formed the dietary intervention in this study but no further details of the 

diet were provided. Seven individuals received the dietary intervention and the study 

findings reported improvements in glycaemia in four cases, from mean HbA1c of 

5.62±0.63% (≈38mmol/mol) at diagnosis to 5.47±0.15% (≈36.5mmol/mol) during follow-

up. 

The study by Gorji et al (194) – which did not meet the inclusion criteria for the systematic 

review presented in Chapter 2, was a randomised, double-blind controlled trial which 

allocated participants to a three-month dietary intervention of either a high-fat, high-

calorie (HFHC) diet (n=22) or a low GI diet (n=22) (194). The HFHC diet comprised 40% fat, 

20% protein, 40% carbohydrate, and all sources of carbohydrates were allowed, while the 

low GI diet comprised of a similar macronutrient composition but consumption of low GI 

carbohydrates only (GI < 50). The study findings demonstrated significant decreases in 

HbA1c (6.17±0.74% (≈43.5mmol/mol) vs 5.96±0.77% (≈42 mmol/mol); p=0.002) after LGI 

diet intervention.  

Research in people with Type 2 diabetes has shown that any reduction in HbA1c is likely 

to reduce the risk of diabetes complications (330) and as the association between 

glycaemia and mortality in CF is well recognised, efforts to improve glycaemic control 

must be supported (331). Glycaemia outcome measures in a full trial will enable the 

effectiveness of the GI dietary intervention proposed in this study to be determined.  

 

Potential utility of glycaemic index modification for dysglycaemia management in CF  

In the study sample, dietary GI and GL were reduced following dietary intervention, with 

no significant reductions in energy intake, weight or BMI. These are encouraging findings 

in the context of this feasibility study; the preliminary data suggest a favourable effect of 

the dietary intervention. 
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The study by Armaghanian et al identified that lower GI and GL diets were associated with 

smaller fluctuations in glycaemic responses (322). Their study provides support for 

interventions to reduce dietary GI and GL in individuals with CF and dysglycaemia, as 

smaller postprandial glycaemic excursions may reduce pancreatic β-cell burden and delay 

the progression to CFRD. As carbohydrate is the primary macronutrient responsible for 

postprandial hyperglycaemia (160), carbohydrate quality could be an important factor in 

the management of dysglycaemia in CF.  

A potential concern that has been highlighted regarding the use of low GI dietary 

intervention in CF is that low GI foods have been associated with increased satiety and 

reductions in energy intake (173). The dietary intervention being explored in this 

feasibility study was based on education that emphasised lowering dietary GI and GL 

through combining high GI carbohydrates with fat and/or protein and/or lower GI 

carbohydrates (177), rather than simply encouraging consumption of low GI foods, to 

maintain energy intake. No significant reduction in energy intake was observed between 

baseline and follow-up. The fibre content of participants dietary intake was not examined 

in this feasibility study. CF dietary recommendations can lead to low intakes of bulky, low-

energy fibre-rich foods, and high fibre foods may be avoided because of bloating and their 

high satiety factor (178, 332). In future research examining dietary GI manipulation, it 

would be pertinent to investigate the impact on the fibre content of dietary intake.  

Nutritional support is frequently utilised in the CF population (333). A study by Skopnik et 

al compared the glycaemic response between two enteral feeds, and the feed with the 

lower GI (lower carbohydrate, higher fat and protein composition) showed a lower AUC, 

independent of the feed recipients’ glycaemic status (334). The impact of ONS and enteral 

feeds on glycaemia should be considered in future research.  
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4.7 Conclusion 

The findings from this quantitative exploration of the feasibility of implementing a GI 

dietary intervention for people with CF and dysglycaemia suggest that the proposed 

intervention and study processes are feasible, and the dietary intervention may 

potentially have a favourable effect on reducing dietary GI and GL without compromising 

energy intake. Assessing the acceptability of the intervention and study processes is a 

crucial aspect of feasibility testing. The qualitative investigation conducted to examine 

acceptability is presented in the next chapter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 145 

C HAPTER 5 .  AC C EPTABIL ITY ASSESSMEN T  
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5.1 Chapter overview 

This chapter details the acceptability assessment component of the feasibility study. Its 

aims, methods and findings are presented. The findings are then discussed in terms of 

their meanings and implications for the future use of the dietary intervention. 

5.2 Introduction  

Acceptability has become a key consideration in the design, evaluation and 

implementation of healthcare interventions (335). The experience and impact of an 

intervention on its intended recipients and of those delivering, or expected to deliver, the 

intervention must be considered if successful implementation is to be achieved (336, 

337). Acceptability reflects the extent to which people receiving or delivering a healthcare 

intervention consider it to be appropriate, based on anticipated or experienced cognitive 

and emotional responses to the intervention (211, 335). Post-intervention assessments 

of acceptability are frequently conducted; these focus on participants’ experience of an 

intervention from initiation through to completion, but there is evidence that 

acceptability can also be assessed amongst individuals who have not directly engaged 

with the intervention (338). For example, both patients and HCPs can form judgements 

about whether they think an intervention will be acceptable; anticipated acceptability 

may be based on the information provided about the intervention and other factors such 

as the perceived appropriateness, convenience and effectiveness of the intervention 

(338).  

5.3 Acceptability assessment aims and objectives 

The aim of the acceptability assessment was to explore the acceptability of the GI 

dietary intervention and the feasibility study processes. The following objectives were 

set to achieve this aim: 

• Conduct qualitative interviews with feasibility study participants to explore their 

perspectives of the GI dietary intervention and the study processes. 
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• Conduct qualitative interviews with some of the feasibility study participants’ 

parents to explore their perspectives of the GI dietary intervention and the study 

processes. 

• Conduct focus groups with HCPs involved in CF clinical care provision to explore 

their perspectives of the GI dietary intervention and clinical practice for managing 

dysglycaemia in CF more broadly.  

 

5.4 Methods 

5.4.1 Study design 

Qualitative research can facilitate detailed exploration of a topic and provide rich and 

unique insights into the experiences and perspectives of individuals in ways that are 

different, but complimentary to, the knowledge that can be obtained through 

quantitative research methods (339). Incorporating qualitative research into feasibility 

studies is endorsed by the MRC guidance for developing and evaluating complex 

interventions (199), as the use of qualitative research methods can enhance 

understanding of quantitative outcomes, thereby aiding identification of enablers and 

barriers to intervention implementation and strategies to improve the design and conduct 

of future research (340).  

 

Semi-structured interviews were held with study participants during research visit 4. 

Interviews were also held with some of the participants’ parents, as previous research 

shows that young people with CF and their parents can have differing priorities in relation 

to diet (247). Semi-structured interviews were held because they allow detailed insight 

into individual views and experiences.   

 

Focus groups were held with dietitians, nurses and physicians involved in CF clinical care 

provision (referred to as HCPs) to gain their perspectives in relation to the GI dietary 

intervention and the management of dysglycaemia in CF more broadly. Focus groups 

were used as this enabled the researcher to collect a large amount of data efficiently. In 

addition, the aim was to assess the range of views HCPs held towards the intervention 
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and clinical practice for managing glucose abnormalities in CF more generally, rather than 

their personal views and experiences of the intervention, which was the case for the study 

participants and their parents. 

 

5.4.2 Participant semi-structured interviews 

Semi-structured interviews are exploratory verbal exchanges where an interviewer asks 

pre-specified, open-ended questions to elicit information from another person on areas 

relevant to the aims of the research. They are the most widely used method of qualitative 

data collection in health services research and are particularly useful when exploring 

experiences of specific clinical groups (341, 342). The interviewer uses a topic guide listing 

pre-specified questions to ensure key areas are covered and enabling comparison across 

respondents, but the semi-structured nature of the interview offers participants flexibility 

to raise issues that are salient to them and to provide additional relevant information, 

allowing for discovery and reporting of views and experiences according to their priorities, 

understandings and interpretations (341).  

5.4.2.1 Consent 

Feasibility study participants consented to take part in the interviews as part of the 

consent process of the feasibility study (Chapter 4). All parents who were interviewed 

provided written informed consent prior to commencing their interview. 

5.4.2.2 Topic guide 

A topic guide was used during the interviews. The topic guide was based on the aims of 

the feasibility study and was informed by related research (343-345) and discussions 

within the research team. Three versions of the topic guide were developed to ensure 

they were age appropriate and tailored to whether the study participant or their parent 

was being interviewed (11-15 years; 16-35 years; parent. Appendix 5.1). The different 

versions were developed in parallel so that questions relevant to each group of 

interviewees were included. The two versions of the guide developed to be used with 

study participants included questions that would directly explore their views and 

experiences of the intervention and taking part in the feasibility study, and the parent 
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version of the guide focused on parental perspectives of the dietary intervention and 

feasibility study, and how they felt their child found the intervention and study processes. 

The topic guides were used flexibly, with the researcher being responsive to topics raised 

by individuals, and they were iteratively refined during the data collection period, to 

ensure emerging areas of interest were captured and explored (346).  

5.4.2.3 Data collection 

The interviews were conducted by the researcher during the final research visit of the 

feasibility study. They took place over a 15-month period from January 2019 to April 2020. 

Where possible, participants and parents were interviewed separately to facilitate open 

and honest discussion, although participants were given the option to have their parent 

with them if they wished. All the interviews were audio-recorded using an encrypted 

digital recording device (OLYMPUS VN-713PC).  

 

5.4.3 Healthcare professionals focus groups  

Perspectives of the GI dietary intervention were also sought from HCPs involved in CF 

clinical care provision in the UK and USA, through a series of in-person focus groups. This 

feasibility research was conducted in the UK, but the researcher was attending the 2019 

North American CF Conference and felt this provided a unique opportunity to engage with 

USA CF HCPs to gain an international perspective on the proposed dietary intervention 

and feasibility study.  

Focus groups are group discussions used to gather opinions on a defined area of interest, 

in a permissive environment that encourages participants to share views, perspectives, 

ideas and experiences (347). They were used to gather data from HCPs because they are 

useful for exploring a range of views held in relation to a particular topic and provide a 

very efficient method of collecting large amounts of data in a relatively short time period 

(348). In addition, focus groups are synergistic; they allow for interaction between 

participants, which can facilitate the discussion and generates data and insights (349). 

Such interaction was predicted to be particularly useful as the HCPs had not been directly 

involved with the intervention, and therefore may have been hesitant to comment, and 
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it was the range of views they held towards the intervention and current clinical practice 

that was sought. 

 

5.4.3.1 Recruitment of healthcare professionals 

A research invitation and study participant information sheet (Appendix 5.2) were 

distributed electronically to CF HCPs in the UK and the USA through the following 

established CF special interest groups email distribution lists: Cystic Fibrosis Trust Clinical 

Advisory Group - a group of UK HCPs from all disciplines of the CF MDT that offers advice 

and guidance to the Cystic Fibrosis Trust on clinical matters; British Dietetic Association 

CF Dietitians Specialist Group - which comprises of registered dietitians who specialise or 

have an interest in CF; US CF Listserv - nutrition group (LSoft Corporation, Bethesda, MD) 

- Listserv provides members of the USA CF community with a means to discuss CF-related 

topics and is a convenient and efficient method to administer research related materials. 

The nutrition group of the US CF Listserv is limited to registered dietitians, nurses, and 

physicians. These groups were chosen because they represent the main CF special 

interest groups in the UK and the USA, and they provided an opportunity to reach a large 

number of CF HCPs to whom this diet-related research may have been of professional 

interest.     

Interested HCPs replied to the researcher via email to register their interest in taking part 

in a focus group. In addition to the study participant information sheet, all responders 

were emailed the following documents and requested to read these in advance of 

participating in a focus group; a one-page overview of the researcher’s programme of PhD 

research which included the background and rationale to the dietary intervention and 

feasibility study (Appendix 5.3), the checklist that was used to support the delivery of the 

dietary intervention (Appendix 4.11) and the two versions of the feasibility study 

participant resource booklet (11-15 years and 16-35 years versions) (Appendix 3.11). All 

the focus groups were designed to be conducted in person and responders were provided 

with details regarding the timing, location, and duration of the focus groups.  
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5.4.3.2 Consent 

All focus group participants provided written informed consent immediately prior to the 

focus group starting. 

 

5.4.3.3 Topic guide 

The HCP focus group topic guide included questions to elicit information on HCP 

perspectives of the dietary intervention and study processes, and dysglycaemia 

management in CF more broadly (Appendix 5.4). The guide was developed in parallel with 

the study participant interview guides to ensure key areas were discussed with both 

practitioners and study participants. Areas covered by the focus group guide included 

CFRD clinical management, self-management, and nutritional management; GI 

knowledge and understanding and the feasibility investigation study processes. 

 

5.4.3.4 Data collection  

Three face-to-face focus groups were conducted during October 2019: one at UHBW 

(Bristol, UK), one at Manchester University NHS Foundation Trust (Manchester, UK), and 

one at the North American CF Conference (www.nacfconference.org) (Nashville, USA).  

The focus groups were facilitated by the researcher. At the start of each of the focus 

groups, HCP participants introduced themselves to the group and demographic data, 

including the HCP discipline, speciality, and location of practice, were verbally collected. 

Efforts were made to elicit responses from all participants. All the focus groups were 

audio-recorded using an encrypted digital recording device (OLYMPUS VN-713PC).  

  

http://www.nacfconference.org/
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5.5 Data analysis 

All the participant and parent interviews and HCP focus groups audio-recordings were 

transcribed verbatim and anonymised by a University of Bristol approved transcription 

company (UK Transcription). The interviews and focus groups were analysed separately. 

Both were analysed thematically; the focus group data were analysed first, and then the 

interview data. Data analysis was led by the researcher with expert qualitative support 

from Professor Katrina Turner (KT), PhD supervisor and experienced qualitative 

researcher. NVivo software package (QSR Nvivo International, Warrington UK) was used 

to assist data coding, management, and analysis.  

 

5.5.1 Thematic analysis 

Thematic analysis provides a systematic approach to synthesising qualitative data through 

identifying, interpreting and reporting patterns of meaning (themes) within and across 

datasets (350). Thematic analysis is not tied to any set of theoretical constructs and 

therefore provides a theoretically flexible approach that is applicable to a wide range of 

research questions. Thematic analysis has been used across a multitude of disciplines, 

many of which often include a health focus (339). Conducting a thematic analysis 

comprises of a six-phase recursive process, that requires movement back and forth 

between the phases (350). These phases and how they were applied to the analysis of the 

interviews and the focus groups are detailed below:   

 

Phase 1: Data familiarisation 

The researcher checked the transcripts against the original audio files to ensure accuracy. 

The researcher became immersed in the data by listening to each audio file and through 

repeated, active reading of the transcripts, manually noting initial ideas about potential 

codes and searching for patterns in the data on the transcripts. KT read and manually 

coded five transcripts (three participant interview transcripts and two HCP focus group 

transcripts) which were selected by the researcher to represent diverse experiences and 

views.  
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Phase 2: Generating codes and constructing an analytical framework 

The researcher and KT independently assigned initial descriptive codes to segments of the 

data deemed to be potentially relevant to the research questions in the five transcripts 

detailed above, using an inductive, data-driven approach (351).  

The researcher and KT met to discuss their initial manual coding and collaboratively 

constructed an analytical framework, consisting of a list of codes with a brief description 

of each, to ensure consistency regarding the assigned codes. This framework was 

independently applied to a new interview transcript and a new focus group transcript, by 

the researcher and KT, and revised to incorporate new/redefined codes. The final 

analytical framework, agreed by both researchers, is presented in Appendix 5.5. All the 

transcripts were then uploaded into the NVivo software package and electronically coded 

by the researcher, using the finalised analytical framework. 

 

Phase 3: Searching for themes 

The researcher sorted the codes and combined them into potential overarching themes 

and sub-themes, and the relevant coded data extracts were collated within these themes. 

The researcher and KT met to discuss the themes identified, which represented some 

level of patterned response or meaning within the dataset and captured important 

elements of the data associated with the research objectives. 

 

Phase 4: Reviewing themes 

All the collated data extracts for each proposed theme were reviewed by the researcher 

to check they formed coherent patterns. Themes that overlapped with others or which 

had little supporting data supporting were reworked and refined as necessary to ensure 

they satisfactorily captured the meaning of the coded data. 
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Phase 5: Defining and naming themes 

Finally, each theme, and the codes and data extracts they contained, were re-examined 

by the researcher and reviewed by KT. The titles of the themes were reworked as needed 

to ensure that a clear sense of the scope and content of each theme was achieved.     

 

Phase 6: Report production 

The thematic analyses of the interviews and of the focus groups are presented in section 

5.6 Results, where the meaning and content of the themes identified in the data are 

reported using a combination of researcher narrative and illustrative data extracts. 

 

5.5.2 Rigour and trustworthiness of qualitative findings 

Rigour and trustworthiness are to qualitative research what reliability and validity are to 

quantitative research (352-354). To address the rigour and trustworthiness of qualitative 

research, Lincoln and Guba proposed the constructs of credibility (confidence in the 

‘truth’ of the findings), dependability (the consistency and repeatability of findings), 

transferability (the applicability of findings in other contexts) and confirmability (the 

extent to which the findings relate to the participants’, rather than the researchers’, 

biases) (353). Guidance on the application of these criteria has been developed to assist 

researchers (355).  

Specific examples of how the trustworthiness criteria were addressed in this qualitative 

investigation are presented below. In addition, these criteria are discussed more broadly 

in the next and final chapter of this thesis.  

Credibility: The degree of congruency between the participants’ true views (reality) and 

the researchers’ interpretation of these views (the research findings) (355).  

Application in this research:  

• Use of recognised qualitative research methods: semi-structured interview and focus 

group methodologies facilitated appropriate and thorough data collection and 

analysis.  
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• Prolonged familiarisation with data: the researcher conducted most of the interviews 

and all the focus groups, listened to all audio-files, and repeatedly and actively read all 

the transcripts.  

• Researcher consensus: the researcher and KT independently coded five transcripts 

before coming to consensus on the initial analytical framework. Both researchers were 

involved in the identification and review of themes. 

• Use of an analytical framework: a framework was developed that enabled comparison 

within and between the interviews and focus groups. 

 

Dependability: The consistency of the findings and the extent to which research processes 

are clearly documented (355). 

Application in this research:  

• Double coding: Five of the transcripts were double coded to check interpretations 

against the data, followed by two further transcripts (one interview and one focus 

group) which were double coded using the analytical framework developed.  

• Documentation of the research processes: The methods of qualitative data collection, 

analysis and reporting have been transparently reported in this chapter. 

 

Transferability: The generalisability of the findings to other contexts (355). 

Application in this research:  

• Provision of contextual information: participant characteristics, the study setting, 

research methods and processes, and the researcher’s role (Chapter 6) have been 

detailed in this thesis to allow consideration of the applicability of this research to 

other contexts and to facilitate repeatability of the study. 
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Confirmability: The confidence that the findings are shaped from respondents data and 

not from the researchers motivation or biases (355). 

Application in this research:  

• Researcher discussion: KT had no prior relationship with the participants and 

independently coded seven transcripts. The codes and themes generated from the 

data were discussed and agreed by the researcher and KT.  

• Reporting process of data analysis: the analytical coding framework includes code 

descriptions (Appendix 5.5). The findings from the data analysis are presented with 

direct participant quotes, which illustrate the researcher’s interpretations and validate 

the findings as participant-perceived experiences.   

• Researcher reflexivity: the potential role of the researcher on the research findings has 

been acknowledged and explored (Chapter 6 Discussion). 
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5.6 Results 

Findings from the participant interviews and the HCP focus groups are presented 

separately below. The focus group findings are presented first to set the scene as they 

consider the broader management of dysglycaemia in CF, in addition to the anticipated 

acceptability of the dietary intervention and study processes from the CF HCP perspective. 

The interview findings represent post-intervention assessments of acceptability based on 

participants’ actual experience of the dietary intervention and the feasibility study.   

 

5.6.1 Healthcare professionals focus groups 

Thirty-six HCPs responded to the focus group invitation. Twenty-three of these HCPs went 

on to take part in a focus group (64%). On average the focus groups lasted 60 minutes. 

Reasons for non-participation were mainly due to logistical issues of attending the focus 

groups at their planned geographical locations.  

The numbers of HCPs and the different disciplines represented in each focus group are 

presented in Table 5.1. The highest participation was among registered dietitians. HCPs 

worked in a variety of CF care settings which provided clinical management for CF cohorts 

of varying sizes; specialist and regional CF centres, ‘hub-and-spoke’ shared care models 

and non-specialist hospitals were represented. Thirty percent of the HCPs worked in an 

adult only setting, 52% worked in paediatrics, and 18% worked in both adult and 

paediatric settings.  

Findings from the HCP focus groups are presented below under two headings that align 

with the research objectives: perspectives of dysglycaemia management and perspectives 

of the dietary intervention. Within these two sections, sub-themes identified during the 

analysis are detailed and illustrated with quotes. Each quote has been tagged by the HCP 

participant’s unique study ID code and job role. Study ID codes were created using the 

location of the focus group (BFG=Bristol Focus Group, MFG=Manchester Focus Group, 

NFG=Nashville Focus Group) and the number assigned to each participant (01, 02, 03 etc.) 
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Table 5.1: Focus group participant characteristics 
Focus group location Participants (n) HCP disciplines represented 

Bristol, UK 7 
Adult CF dietitian (3) 

Paediatric CF dietitian (4) 

Manchester, UK 

 

 

9 

Adult CF dietitian (2) 

Paediatric CF dietitian (3) 

Diabetes dietitian (1) 

Non-specialised dietitian (2) 

Research nurse (1) 

Nashville, USA 7 

Adult CF dietitian (2) 

Paediatric CF dietitian (2) 

CF nurse coordinator (2) 

Diabetes educator (1) 

 

5.6.1.1 Perspectives of dysglycaemia management  

HCPs talked about their perspectives of current dysglycaemia management in CF in terms 

of clinical practice, patient-self management, and dietary management. 

 

Clinical practice 

Clinical practice in relation to dysglycaemia management varied between CF centres and 

countries; many HCPs spoke about how different CF centres manage CFRD differently, 

and lack of exposure in non-specialist centres was seen as an issue for HCPs gaining 

practical CFRD experience. UK dietitians in particular discussed feelings of uncertainty and 

variability in the management of dysglycaemia in CF, which they felt impacted their ability 

to care for patients: ‘I do feel like I'm deskilled and therefore, less able to support the 

patients.’ (BFG02, Paediatric Dietitian)  

Variation in the level of endocrinology support available was expressed. HCPs from the 

USA reported ‘joined-up’ care provision and they were positive about the level of 
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endocrinology input available to their CF clinical teams, whereas some of the UK dietitians 

expressed dissatisfaction about the CFRD service provision in England: 

‘We're currently trying to engage our local diabetes nurses to contribute to the 

[CFRD] education, but it just seems so disjointed at the moment. It's a bit frustrating, 

but we are working on it.’                     (BFG01, Paediatric Dietitian) 

 

Varying knowledge and understanding of glucose abnormalities within CF clinical care 

teams and from the patient perspective was reported across the groups. Incomplete 

understanding of CFRD from HCPs outside of the CF clinical teams who are involved in 

CFRD care provision was reported as a source of particular frustration:  

‘There's a lack of understanding as to the importance of such tight blood glucose 

control that we expect from our CF patients. I find that a real struggle…It's really 

hard to get them [diabetologists] to understand the difference between CFRD and 

normal Type 1 or Type 2 diabetes and that it's a combination of the two and patients 

dip in and out of having poor blood glucose control, depending on whether they've 

got infections.’                                  (BFG07, CF Dietitian) 

 

The HCPs spoke of the importance of making conversations with patients and their 

families about diabetes a more transparent part of routine CF clinical care to raise 

awareness of CFRD:   

‘I like to have an open conversation about CF diabetes…it's really important that it's 

something that they [patients and families] know about, so then, when it does 

happen, it's not a big surprise. I try and say to people that, "Yes, this is a secondary 

diagnosis, but it is part of your CF. It's not anything you've done wrong, there's 

nothing that's made this happen”…education is a massive part of it, and that goes 

for teams and for the patients and the families as well.’                                       

           (BFG06, Adult CF Dietitian)  
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Overall, across the different focus groups, the general opinion was that management of 

dysglycaemia in the context of CF clinical care was gradually improving, but that it was 

variable and dependent on the management, expertise, and experience within the local 

clinical teams. 

 

Patient self-management 
 
Patient burden was frequently talked about by the HCPs in relation to dysglycaemia 

management: ‘CF is such an onerous condition. Then, when you start putting diabetes on 

top’ (BFG08, Adult Dietitian), and patient resistance to engaging with diabetes treatment 

was viewed as a significant barrier to effective management:  

‘Resistance - because it [CFRD] is a big burden, it’s a secondary diagnosis - is 

probably the biggest factor that limits us because patients don’t want to do it 

[treatment].’               (BFG05, CF Dietitian) 

 

Variability in terms of patients and families’ knowledge and understanding of 

dysglycaemia in CF was reported, with some families having no apparent knowledge and 

others taking a very proactive approach to learning about it:   

 

‘Definitely some parents are very informed and know about it [CFRD] and want to 

know in advance and ask lots of questions, whereas other people, until you have 

mentioned it and said there is a problem, haven’t got any idea.’ 

              (MFG03, Paediatric CF Dietitian) 

 

Age and levels of understanding were reported as factors which affected individuals’ 

engagement in dysglycaemia management. Most HCPs reported that compliance with CF 

management overall improved with age: ‘you can see the difference with them coming 

through adolescence, and then at 24, 25 [years], they are starting to actually be, “Oh, my 

CF. I have got to do this’ (MFG04, Paediatric Dietitian), and compliance with dietary 

therapy during adolescence was thought to improve as levels of understanding improved. 
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 Dietary management 

The HCPs reported that individualised dietary advice was usually provided by dietitians, but 

in some cases also by CF nurses, and was mainly based on CGM assessment and food diary 

review: 

‘We don’t have set criteria but would look at the [food] diary and the CGM spikes…it 

depends on the profile really. If the spikes were just every time they have a sugary 

drink, then it’s an easy fix…If it’s going up a considerable spike with normal food that 

we want them to eat then that’s when we look at insulin. It’s quite individual.’                                                                                              

        (BFG06, Adult CF Dietitian) 

 

HCPs reported patient preference for dietary change over insulin therapy: ‘if they're on 

the cusp of CFRD, if you're talking about dietary changes as opposed to possibly needing 

some insulin, then they're more likely to think about it’ (BFG07, CF Dietitian), but also 

talked about the difficulties patients face when trying to change established eating habits 

to help manage their dysglycaemia:  

 

‘it’s that psychological change – “You have been telling me for years to do something, and 

now you are telling me to stop?”’                 (NFG09, CF paediatric dietitian) 

 

The impact of the ‘traditional CF diet’ - high in energy, fat, and salt - on eating practices 

was acknowledged by all of the HCPs:  

 

‘The advice has always been “eat what you want. Just eat”. Now, being diagnosed 

with diabetes and to having to change all that, it’s suddenly like, “Whoa, hang on 

now.”’               (MFG05, Adult CF Dietitian)  
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One of the HCPs was also a parent to a child with CF, and confirmed that the dietary advice 

that her family had received focussed on ensuring adequate energy intake rather than on 

dietary quality:    

  

‘When I got the diagnosis of [child], it was, “If you eat this many Reece’s peanut 

butter cups in the week, you can make up the caloric load that you need for her 

demands …that’s what I got 12 years ago.’      (NFG01, Diabetes Educator) 

 

The adequacy of the current provision of dietary education for individuals newly 

diagnosed with CFRD was questioned: ‘are we educating them in the right way...I don’t 

think we probably put as much time and effort into that as we could’ (BGF03, Paediatric 

CF Dietitian). Unplanned referrals from CF MDT colleagues were reported as a key source 

of frustration to UK dietitians in terms of being able to provide effective dietary advice:  

 

‘Often I get a "Oh, this patient, they need it [dietary education] now, can you talk to 

them now?" I'm going in cold; it's at the end of the clinic and they probably want to 

go. You can't really do a very good job when it’s just been thrown at you. If there 

was more structure or more forethought you could say, " Do these things and we’ll 

talk about this next time."’                                                         (MFG05, Adult CF Dietitian) 
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Carbohydrate counting/awareness 
 
Across the groups, the HCPs reported that carbohydrate counting was not widely used in 

clinical practice as it was generally felt that it added to the treatment burden for people 

with CFRD and was not justified for small insulin doses, which many people with CFRD 

receive: 

‘We don’t do it that often…we’ve got the majority on insulin and because they may 

be only on two, three units, it’s not enough to warrant carb counting. The ones we 

have got who are on bigger amounts, we have done carb counting with.’ 

   (MFG01, Adult CF Dietitian) 

 

Use of carbohydrate awareness education to help manage dysglycaemia, including 

carbohydrate sources in the diet, portion sizes and recognising low, medium, and high 

carbohydrate foods and meals, was more widely reported by both the UK and USA HCPs:  

 

‘Carb awareness is probably the important thing at this stage… I make them aware 

of carbohydrates, and we go through some simple education and the effects on 

blood sugar.’                                                        (NFG06, Dietitian and Diabetes Educator) 

 

Glycaemic index education 
 
Use of GI education in clinical practice varied within the groups; several of the participants 

reported introducing GI education ad hoc in their clinical consultations with patients: ‘I 

have given advice out with regards to adjusting GI. Nothing that's been specifically 

developed for CFRD or anything’ (BFG07; CF Dietitian).  

One dietitian/diabetes educator from the USA reported that she did not use GI education 

in her practice because she believed that the high consumption of fat and protein 

recommended for CF dietary management probably meant that dietary GI was already 
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moderate. She felt that the provision of specific dietary advice, particularly in relation to 

cutting out carbonated drinks, was more beneficial for dysglycaemia management: 

‘I guess I feel that outside of the beverages, the whole CF diet is probably a 

moderate GI anyway, because of all the fat and the protein.’  

       (NFG06, Dietitian and Diabetes Educator) 

 

No other members of that focus group commented on this point, either in agreement or 

disagreement, but cases of where GI dietary intervention had negated the need for 

insulin therapy were presented across the other groups:  

‘There have been several patients where we have looked at GI adjustments, and 

they have avoided insulin for the time being using that.’            (BFG06; CF Dietitian) 

 

One UK CF dietitian reported that she had been compelled to introduce the concept of GI 

to patients in an attempt to improve their dysglycaemia, as she reported that CFRD 

management was not fully understood by the non-CF diabetologists involved in patient 

care provision at their centre:  

‘Part of the reason that I've talked about glycaemic index with patients is because 

we haven't had the support of the diabetes consultants necessarily in recognising 

that they [patients] need tighter control. So, I've brought that in myself to try and 

improve the patient's control whilst keeping an eye on their weight…it's probably 

been a bit out of necessity that I've introduced those ideas to my patients.’           

(BFG07; CF Dietitian) 

 

Many HCPs felt that GI dietary education should be part of standard clinical care rather 

than being introduced when dysglycaemia was identified:  

‘If we are trying to do this in response to a [blood glucose] level that is abnormal, 

are we already on the back foot, is it too late…should it be part of our routine 

education, part of annual review, something we talk about anyway, embed it in 

routine care?’                  (MFG01, Paediatric Dietitian)  



 165 

Others in the group agreed with this and a diabetes dietitian in this group reported that 

her approach was to inform patients about the GI in the context of general healthy eating 

as part of routine dietetic care.  

Overall, the groups reported that CF dietary management was improving in the context 

of contemporary CF clinical care, with more consideration being given to dysglycaemia 

management and overall diet quality, but there was still room for improvement:    

‘Those old recommendations…now are we trying to change that and move that 

forward in a positive way. Hopefully we have got a new generation of people, and 

hopefully on a different type of diet.’                                (NFG09, Paediatric CF Dietitian)  

 

 

5.6.1.2 Perspectives of the glycaemic index dietary intervention  

HCPs in each group were invited to talk about the dietary intervention in terms of its 

content and delivery, and its possible utility in their clinical practice. 

 

Intervention content and delivery 

HCPs felt the GI dietary intervention study participant resource booklet developed for use 

in the feasibility study was appropriately designed in terms of content: ‘it doesn’t feel 

overwhelming with too much information’ (MFG05, Adult CF Dietitian). They also reported 

that providing individualised GI dietary information in the context of CF management was 

important:   

‘I have given advice out with regards to adjusting glycaemic index, but nothing that's 

been specifically developed for CF-related diabetes or anything, so it’s really helpful 

because it's more pertinent to them.’                                             (BFG07, Adult Dietitian) 
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Providing a written resource that patients could take away was preferable to the provision 

of online information; across the groups, the HCPs felt that this put less burden on the 

patient and might be better utilised by them and their families:  

 

‘If it's online you're relying on them to take that responsibility to go away, log on, 

find it…if they've got something physical that they've taken away, they're probably 

more likely to have a flick through it and parents might have a bit of a look as well.’  

                 (MFG02, Paediatric CF Dietitian)  

 

The visual images in the participant resource booklet were well received by HCPs across 

the groups: ‘pictures always help for them [patients] to visualise’ (MFG07, Research 

Nurse) and the food swaps presented in the participant resource booklet were viewed as 

useful to aid dietary change: ‘so that they [patients] realise that it isn’t that there are no 

foods they can eat all of a sudden, but small changes’ (MFG06, Diabetes Dietitian).  

One of the UK dietitians suggested that the dietary education component could be made 

more interactive and individualised by including blank spaces within the food groups lists 

in the study participant resource booklet, to be completed during the education session 

with specific foods that the individual regularly consumed, and possible food swaps they 

could make. Another dietitian in the same group questioned if presenting the food lists in 

green text for lower GI choices and red text for higher GI choices was appropriate as it 

may give ‘wrong impressions of good and bad foods’ (MFG06, Diabetes Dietitian). The 

online dietary recording tool was viewed positively but it was recommended that both 

online and paper options for the food diary and study participant resource booklet were 

made available in future studies to facilitate engagement:  

‘I think you need a bit of both…I do have some patients that are very tech allergic.’ 

             (BFG06, Adult CF Dietitian) 
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HCPs across all the groups reported that face-to-face delivery of the intervention was 

important for effective dietary education: 

‘When you see them face-to-face you can kind of gauge their understanding…If it’s 

online at home there are distractions. There are all sorts going on. You might not 

know what somebody is taking in and if they are actually engaged.’  

                  (MFG01, Paediatric Dietitian) 

 

Time limitations of CF clinics were cited as a major barrier to intervention delivery ‘the 

maximum amount of time we'd probably get, as dietitians, with the patient is about 20 

minutes’ (BFG02, Paediatric CF Dietitian), but HCPs across the groups recognised that 

allowing sufficient time to deliver tailored dietary education was crucial to make it 

effective:  

‘You've been giving an hour consultation. We don't have that luxury, but that's the 

important key, that time spent with a professional to make sure it's individualised.’  

                  (MFG03, Paediatric CF Dietitian) 

 

HCPs across the groups reported that they would not have the capacity to offer home 

visits and they envisaged variable patient uptake if the intervention was offered after 

clinic appointments or during hospital admissions: ‘different people want different things’ 

(MFG01, Paediatric Dietitian). A potential barrier to patient participation, from the HCP 

perspective, was related to the delivery of the intervention; the HCPs discussed that 

delivery during routine clinic appointments would be acceptable to some patients to 

avoid additional visits, whilst arranging a separate appointment would best facilitate 

engagement for others:    

‘…they wouldn’t want to travel as an extra appointment. But then there are some 

patients, families, where clinic is such a drag, the whole length of time, and for 

them to stay another 20 minutes, half an hour with new information, they might 

find it too much.’                                                     (MFG03, Paediatric CF Dietitian) 
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Across the groups, it was generally thought that the intervention could be a valuable tool 

for those patients who were interested in trying it, and flexibility in terms of intervention 

delivery was advised. One dietitian/diabetes educator commented on the complexity of 

diabetes and on the range of other factors that can affect glycaemia that should be fully 

considered in future studies:  

 

‘Exercise, stress levels, menstruation, other medications, exacerbations; there are a 

lot of other factors that influence blood glucose, so it’s not going to be 

straightforward to tease out. Diabetes is just a hot mess.’             

          (NFG06, Dietitian and Diabetes Educator) 

 

 

5.6.1.3 Potential utility of the dietary intervention in CF clinical practice 

The HCPs across the groups saw potential benefit of the GI dietary intervention for 

managing dysglycaemia in CF and some felt that they already incorporated aspects of the 

intervention into their clinical practice: ‘we kind of do bits of it already…when we know 

that people are prediabetic’ (BFG02, Paediatric CF Dietitian). Others expressed interest in 

exploring its possible clinical utility:  

 

‘we've got patients that are on that borderline, that with a bit of GI adjustment, may 

hold off insulin a little bit. We haven't done that formally, but it would be something 

I'd certainly be interested in.’                                                      (BFG06, Adult CF Dietitian) 

 

Where the intervention might fit on the patient care pathway was discussed: ‘whether it 

needs to be integrated pre-insulin or whether it's just a post-insulin thing’ (BFG06, Adult 

CF Dietitian). Several HCPs commented that it would be: ‘great to have some more 

formalised kind of education programme before carbohydrate counting’ (MFG04, Adult 

CF Dietitian). UK dietitians described how their patients with established CFRD, who 



 169 

utilised insulin pump technology, all received education similar to that delivered in the 

intervention and explained how they saw the potential for the intervention to be used 

earlier in dysglycaemia management to prevent or delay the progression to CFRD: ‘it is 

trying to pre-empt it and give that [education] sooner if it helps to delay the onset.’            

         (MFG06, Diabetes Dietitian) 

 

Most of the HCPs taking part in the focus groups felt that the GI dietary intervention 

proposed could be a useful approach in a range of options for managing dysglycaemia in 

CF:  

‘An extra tool in the armoury, alongside monitoring and insulin adjustment and 

discussion with the diabetes consultants.’                         (BFG06, Adult CF Dietitian) 

 

Others agreed and across the groups it was felt that the GI dietary intervention was 

appropriate for contemporary CF management: ‘it fits really well with how things are 

going, CF and personalised nutrition’ (BFG06, Adult CF Dietitian) and HCPs could visualise 

how it might fit into their clinical practice:  

 

‘I could see myself using this now, actually. We've got patients on insulin, and they 

don't really understand why levels peak…I think this would be ace to talk to them 

and help, firstly, with carbohydrate education and, secondly, the low versus high GI 

foods and how they affect your blood sugars.’                      (BFG01, Paediatric Dietitian) 

 

There was also recognition of the need for clinical research to generate the evidence that 

‘this [intervention] actually works’ (MFG04, Adult CF Dietitian).     

 



 170 

5.6.2 Study participant and parent interviews 

Semi-structured interviews were conducted with all the retained participants (n=17) 

during the final research visit. Seven of the participants’ parents also took part in an 

interview (five mothers, two fathers). Fifteen of the study participant interviews (88%) 

and all the parent interviews were conducted by the researcher; the remaining two study 

participant interviews were conducted by the UHB research site PI because the researcher 

was on maternity leave. Thirteen interviews took place face-to-face, either at the 

participant’s home (n=9) or in a private room on University of Bristol premises (n=4), and 

four interviews were conducted by telephone. Three of the face-to-face interviews were 

conducted as study participant and parent dyads (two mothers, one father) and separate 

interviews were conducted with four parents (three mothers, one father). On average, 

the interviews lasted 40 minutes; one participant and parent dyad interview was 

considerably longer (60 minutes) than the individual interviews, and the duration of the 

parent interviews varied more widely than the participant interviews, ranging from 10 

minutes to 60 minutes. 

 

Interviews were not conducted with any of the participants who withdrew/were 

withdrawn from the study (n=6). Four were lost to follow-up; unsuccessful efforts were 

made to contact these participants, but no responses were received. Contact was made 

with two participants withdrawn from the study, but both declined to take part in an 

interview citing lack of time.  

 

Findings from the study participant and parent interviews are presented below under two 

headings that align with the research objectives: acceptability of the feasibility study and 

acceptability of the dietary intervention. Within these two sections, sub-themes identified 

during the analysis are detailed and illustrated with quotes. Each quote has been tagged 

by the participant’s study ID code (which includes a site code (01,02,03) and a participant 

number), and either gender and age, or parental status. 

 



 171 

5.6.2.1 Acceptability of the study  

In relation to their acceptability of the study, the participants talked about how they had 

been approached to take part and their experiences of the research visits and study 

processes.  

 

Study participation 

All participants reported that the study had been introduced appropriately during a 

routine clinic appointment by a known member of their clinical CF MDT:  

‘I was approached when I went to clinic. [MDT member] gave me the information 

and let me think about it, and if I wanted to join then I could. If not, there were no 

problems with it. I didn’t have a problem with the way I was approached about it.’ 

                (0308 Male, 28 years)    

 

Study participants viewed taking part in this research as potentially beneficial to them, as 

it would advance their own knowledge of how their diet could affect their glycaemic 

control. They also viewed it as way to help others living with CF and glucose abnormalities:  

 

‘I don’t say no to trials because I think if you can help someone do something good 

then that’s important. I feel quite strongly, like, one should do trials.’  

                (0102 Female, 17 years) 

 

A parent of one of the younger participants explained that although their child was unsure 

about taking part in the study at the beginning, they felt it would be beneficial both to 

their child and the CF community:  

‘I thought it would be good for him, and we’ve always said “This is good for the 

future. You’ve got to think that it’s going to help the people coming behind you”. 

Although he was a bit grumbly to begin with, he became quite aware of the fact that 
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it was important. That’s why I nudged him a little bit into doing the trial…he could 

see the benefits of doing it once he was actually there.’              (0101 Mother)  

 

Experience of the research visits  

Study participants reported that the design of the study was ‘much less intrusive than 

other trials have been. It wasn’t a difficult one to do’ (0102 Female, 17 years) and the 

timeframe of the study helped to facilitate dietary change without being overly 

burdensome:  

 

‘You don’t get fed up with it and there’s enough time to make your improvements 

and work out what you got to change and how you’re going to do it.’ 

                     (0104 Female, 17 years)  

 

All study participants found the research visits, their duration, and the amount of time 

between them acceptable. Travelling to attend the research visits was not reported to be 

overly burdensome: ‘I travel to Bristol quite a lot anyway for my CF appointments’ (0203 

Male, 33 years) and scheduling research visits to coincide with clinic appointments was 

well received by study participants: ‘I always try and tie up appointments’ (0202 Female, 

26 years), and particularly by parents:  

 

‘That does help, because usually when you’ve got a clinic appointment, you know 

you’re going to be in there most of the day, So, slotting another [appointment] in, 

it’s not a problem. We try and do as many as we can in one day.’                    

       (0101 Father)  

 

The uptake of home visits was high, and study participants expressed a preference for 

home visits rather than hospital appointments because they felt more relaxed and 

comfortable being at home. Conducting home visits as part of research studies is not 
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always possible, however, due to study resource limitations. When asked how future 

research might best be delivered, most study participants recommended scheduling 

research visits to coincide with other clinical appointments to limit the number of 

additional visits required. However, one parent said that they would have difficulties in 

engaging in research visits that were adjacent to clinic appointments, due to the length 

of routine CF clinic appointments and work and school pressures:  

 

‘When you are at clinic, it’s quite hard to take things in there quite often, because 

there is a lot of waiting around…for me, it wouldn’t have been the best place, but 

for [participant] it probably would have been ok. It’s not as relaxed, you’ve got the 

“got to get back to work, got to get [participant] back to school” kind of feeling.’ 

                         (0106 Mother)  

 

One study participant also talked about how, if they were struggling physically or mentally 

on the day of a scheduled research visit, they would find it difficult to attend and engage 

in the research in addition to their CF clinic appointment: 

 

 ‘There is so much else going on. Only this year for me, I have really struggled with 

having to see everyone on the same day. You saw me a couple of weeks ago and I 

was just feeling horrendous…I wouldn’t have been able to take it on.’     

            (0202 Female, 26 years) 

 

Study processes 

The study processes included recording dietary intake, CGM assessment, anthropometry, 

lung function and HRQoL assessment. The study participants all routinely underwent 

anthropometry and lung function measurements as part of their usual CF clinical care, 

and no mention of these assessments was made. HRQoL was assessed by completion of 

a paper questionnaire at baseline and follow-up; all the study participants completed 

these questionnaires but did not mention this study process. 
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Dietary recording 

Dietary intake was recorded by participants using an online dietary recall system called 

INTAKE24, and a paper food diary as per standard clinical practice when conducting CGM 

assessment. The acceptability of the two dietary recording methods was mixed; ten study 

participants expressed a preference for the paper food diary, whilst seven preferred the 

electronic INTAKE24 system.  

The format of INTAKE24 did not fit everyone’s preferred eating patterns; several 

individuals reported being ‘grazers’ and the requirement to complete the online diet 

record led to some study participants altering how they ate: 

 

 ‘…because I’m a grazer, I was stopping myself eating. I would eat that all at one 

time so I could put it into the computer system. I didn’t enter it in as well when I 

should have done, in terms of timings.’                                            (0207 Male, 20 years) 

 

User burden was a key feature associated with INTAKE24, and a number of accessibility 

and useability issues were reported, including challenges with logging into the online 

system, struggling to move between the daily record pages, inability to record or add to 

a previous day’s intake, difficulties inputting composite and homemade meals and 

frustration at missing food items: 

 

‘There were some basic things missing. I didn’t find meatballs. So, I ended up just 

choosing a sausage that was roughly the same size.’                 (0207 Male, 20 years)  

 

In addition, many of the study participants commented that INTAKE24 did not have any 

nutritional supplements on the database, and they were required to manually input the 

brand name, manufacturer, and pack size so that the researcher could subsequently add 

the nutritional information to the dataset.  
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Reported positives of the INTAKE24 system included the visual images, portion sizes and 

automated prompts: ‘it’s an easier way of doing it, showing the pictures of the portions 

and all the glasses for the drinks and stuff’ (0101 Male, 12 years), and it was viewed as a 

novel method by some: ‘I found it quite fun’ (0204 Female, 23 years).  

 

Preference for a paper food diary largely came down to convenience when out and about: 

‘on the move I would find it easier to write something down’ (0102 Female, 17 years) and 

the paper food diary also allowed the study participants to record their food and drink 

intake after each eating episode, whereas INTAKE24 required the user to complete 

dietary intake for a 24-hour period in one go, at the end of the day. Many individuals 

found this problematic as they struggled to remember what, and how much, they had 

consumed. One parent explained how their family set-up made it challenging for her child 

to recall his dietary intake: 

 

‘He’d have breakfast at my house, and then to school with his packed lunch and then 

he’d go to his dads for tea. So that made it a little bit complicated. It was just a bit 

easier [to write it down], just to prompt him so he could remember.’        

       (0101 Mother) 

 

Most of the study participants reported that they would have written down what they 

consumed even if they had not been issued with a paper food diary, and two individuals 

described taking photographs to prompt themselves and to record the times of their 

eating episodes:  

 

‘Every time I ate something, I always took a picture, as I went along throughout the 

day, so I didn’t forget anything.’                 (0310 Female, 23 years)        
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A key feature of inconvenience that was mentioned by everyone who used the INTAKE24 

system was its accessibility via computer only; nearly all the study participants and some 

of the parents suggested an app format version of the tool, accessible via smart phone or 

tablet, to improve accessibility and usability. 

 

CGM assessment 

Most of the study participants had experience of CGM assessment prior to this study. 

They recognised the beneficial glycaemia information provided by this assessment and 

found the process acceptable:  

‘I’ve had them done before, I’ve had them on a couple of times, you can’t even really 

tell that they’re there.’                                                                     (0204 Female, 23 years) 

 

Some participants were not familiar with CGM assessment however, and found the first 

CGM sensor insertion distressing as they did not know what to expect when the sensor 

was fitted onto their abdomen:  

‘I had a little situation with the first time, I didn’t expect how they put the monitor 

in was going to feel. I didn’t expect the full force. I didn’t expect the pain. So, I stood 

up and kind of jolted and then I fainted from it all. But the second time around, I was 

all prepared, so I was laying down on the bed and everything was fine. Nothing hurt.’   

  (0310 Female, 23 years)  

 

The CGM sensor wear time (five days) was acceptable; some individuals felt that this could 

have been extended to obtain more glycaemia data as they forgot they were wearing it, 

whilst others described how the location of CGM device impacted on aspects of daily life:  

‘I found the CGMs quite annoying – they affect my clearance. Having to tense your 

stomach and it sat right there is quite uncomfortable. I think I wouldn’t clear as much 

because I wasn’t coughing as hard, or I’d just be isolating that area…driving as well 
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was awkward because of the seatbelt or it would sit just where my jeans were. But 

for only five days, it’s not that bad.’                                                  (0206 Male, 28 years)  

 

CGM assessment requires calibration finger-prick capillary blood glucose measurements 

three to four times per day. Most of the study participants had CFRD and were used to 

conducting finger prick blood glucose measurements, but these were still reported to be 

painful, particularly when using the disposable lancets issued in the study. Most 

individuals preferred to use their own finger pricker lancing device: 

 

 ‘Those ones you gave me were really hard. I’d just run out of mine as well, so I had 

to use them. Every time I was doing it, I was like, oh my God - it really hurt, and, like, 

they bruise your fingers a little bit as well.’                                  (0204 Female, 23 years)  

 

Three individuals described the impact of life events, which included birthdays, funerals 

and house moves, on their ability to engage with the CGM assessment: 

 

‘When I first had the CGM in, I felt like I was quite organised with what I was doing, 

whereas the second time I was less organised…it was my partner’s mums funeral. 

My mind was elsewhere with other things…my head wasn’t fully focuses on that, but 

I was like “I want to get it done because then it’s done.”’             (0206 Male, 28 years) 

 

A few participants reported episodes of skin irritation caused by the adhesive tape used 

to secure the device and having the CGM system in situ made some of the study 

participants and their parents think more about their dietary choices than they would 

have done ordinarily: ‘I think we were being more careful when he was on his trial’ (0101 

Father).  

‘It’s just like you are being watched on what you eat…you’re being more careful 

because you know that it’s monitoring your blood sugar levels. I’m used to wearing 

a CGM now for my diabetes, so it’s kind of like a goal.’              (0203 Male, 33 years) 
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5.6.2.2 Acceptability of the dietary intervention  

Participants talked about the dietary intervention in terms of its delivery and content, 

their knowledge and understanding of dysglycaemia in CF and of GI, the dietary changes 

they made and the possible future use of the dietary intervention for others with CF and 

glucose abnormalities. 

 

Intervention delivery and content 

The overall response from the study participants was encouraging; they found the dietary 

intervention and the study processes acceptable and expressed positive feedback in 

relation to the study and the dietary changes. Participants reported that they were 

accepting of the information provided during the education session: ‘it’s important to 

understand what you’re eating and how it can affect you’ (0311 Female, 22 years) and 

parents reported their child’s improved understanding was more likely to lead to better 

adherence to the dietary changes implemented:  

 

‘She is the kind of person, the more she understands what she’s doing, the easier it 

is, she finds, to adhere to it.’                                                                           (0102 Mother) 

 
Participants said the study was interesting, and that it may also have improved some 

other areas of their CFRD self-management:  
 

‘I found it interesting and useful, to be fair. More so than I thought I would. I did try 

and engage, and it’s made me think about my eating habits, certainly, and I‘ve 

started doing my sugars a little bit more regularly now as well.’         

    (0207 Male, 20 years) 

 

The level of information and educational content of the dietary intervention was felt to 

be ‘pitched just right’ (0308 Male, 28 years) and ‘absolutely fine’ (0102 Female, 17 years), 

and the participants felt that it was appropriate for the dietary intervention to be 
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delivered by a dietitian, rather than any other members of the CF MDT. One participant 

commented to the researcher:  

‘You understand it better than other people. When you’re saying things, you 

actually know, because this is what you do. I register it better. If it comes from 

someone who only sort of knows what they are on about, it doesn’t quite come 

across properly sometimes…they might forget something or leave a bit out or not 

explain something in as much depth.’                                            (0206 Male, 28 years) 

 

The face-to-face delivery of the dietary intervention facilitated participant engagement 

and some of the participants also made suggestions of options for virtual delivery of 

future interventions using technology such as videoconferencing:  

 

‘In person, definitely, or visually, so that you can both see each other…so you’re both 

fully invested in what you’re on about.’                                         (0310 Female, 23 years)  

 

The study participant resource booklet was viewed as a helpful aid to structure and guide 

the dietary intervention education session: ‘It was good to have you go through it with 

me rather than just giving me the booklet and sending me home’ (0202 Female, 26 years). 

Participants found the lists of the GI categories of different food items useful and a 

practical resource to guide food choices and alternatives. Presenting visual feedback of 

the CGM glycaemia assessments in graph format in the participant resource booklet was 

also well received:  

 

‘It is good to see charts and stuff, I find that really helpful. Just the visual as opposed 

to always seeing numbers, it’s nice to see. Also good for me to show my mum, my 

dad, my brother and even my friends.’                                        (0202 Female, 26 years)  
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It was suggested that providing the participant resource booklet in advance of the dietary 

intervention education session, for individuals to read and think about beforehand, might 

be useful, as there was a lot of new information to absorb. Due to the COVID-19 pandemic 

restrictions that came into effect towards the end of this research, two study participants 

received the dietary intervention education session via telephone. The study participant 

resource booklet was posted out to these individuals in advance of the telephone session 

and was used to structure and guide the delivery of the dietary intervention in the same 

way as the face-to-face sessions. The two participants found this method of delivery 

acceptable:  

 

‘Having the advice over the phone was absolutely fine because I had, like, the visual 

aids and information in front of me, [Dietitian] would refer to that and say, “can you 

see this?”  and so yes, I found that quite simple.’                  (0311 Female, 22 years)  

 

Suggestions for intervention improvements from the participant perspective included 

practical measures to help apply the GI dietary education into their daily lives, in the form 

of low GI recipes and meal suggestions, and parental involvement when delivering the 

dietary intervention education session:  

 

‘My parents, when I talked to them about it afterwards, they found it really helpful 

just to know what was going on a bit more. So maybe just talk to parents a bit 

more…just because, often, the parents are the people cooking, especially for 

younger people.’                    (0102 Female, 17 years) 

 

This suggestion was confirmed by parents; several asked for a precis of the dietary 

intervention education session during their interviews, and all were very interested to 

discuss the details of the agreed dietary goals and how these could be practically 

facilitated.   
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Knowledge and understanding of dysglycaemia in CF  

The participants with CFRD reported very limited knowledge of CFRD prior to their 

diagnosis, and individuals with IGT discussed raised blood glucose levels measured by 

OGTT but were uncertain of the implications of raised blood glucose levels. Parents 

reported variable CFRD knowledge; some recalled hearing about CFRD when their 

children were first diagnosed with CF but thought it would be an issue to deal with in the 

future. Others, however, thought it was an inevitable extension of CF: 

 

‘It’s just part of her CF isn’t it. If it was Type 1 diabetes, we’d be more concerned, but 

it’s just to do with CF.’                                                                                  (0205 Mother)  

 

It was suggested by parents that the topic of CFRD should be introduced earlier to make 

families more aware of this common CF comorbidity and of dietary strategies for its 

management, as they described wanting to ‘stave off or avoid diabetes for as long as 

possible’ (0102 Mother) and to be fed information gradually as their child grew up: 

 

‘I think, in passing, that I’d been told that some people with CF can get CF-related 

diabetes, but nothing more was said about it than that…It probably would have been 

useful to be discussed earlier. It might have been an extra thing to worry about, but 

maybe some dietary advice about not having too much sugar but trying to get the 

energy through fat would have been better. So, probably fairly early on, actually, 

just, sort of, drip feed [the information] as they get older.’                   (0106 Mother) 

 

Knowledge and understanding of glycaemic index 

Participants reported their knowledge of GI had been limited prior to the study. Only 

three study participants and one parent had heard of GI, but in the context of weight loss 

and non-CF diabetes. Individuals reported that they received some dietary advice in 
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relation to glycaemia management from their CF MDT, but not particularly detailed advice 

or specifically related to GI:  

 

‘I got told to stop eating sweets. Pack in the coke and all that good stuff. But not a 

lot beyond that. Nothing to the degree that you guys have done.’ 

      (0207 Male, 20 years)  

 

Parents reported that the CF dietary education they had previously received when their 

children were younger conflicted with the dietary advice for CFRD management:    

 

‘When she was younger it was like everything that you needed to do for CF, to keep 

the weight up, is totally the opposite of how you treat diabetes…it was really hard, 

just because we’ve got to keep her weight up and she ate all that rubbish. You need 

the calories, but not the sugar.’                                                                       (0303 Mother) 

 

Variable understanding of GI was reported during the interviews, but most study 

participants could describe the differing effects of different carbohydrate foods on 

glycaemia and could give examples of high GI and low GI foods. Some individuals were 

able to articulate a clear understanding of how knowledge of the GI of foods could be 

applied to their diet to help manage their glycaemic control:  

 

‘It’s about…how high your sugar levels go and trying to control it through eating 

different food. Different foods have a higher or lower GI, so you can avoid them or 

have more of them, depending on what your levels are. The idea is to keep it stable.’  

           (0102 Female, 17 years) 
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A key feature of the dietary intervention was to lower dietary GI by consuming additional 

fat and/or protein and this strategy was understood by the majority of the study 

participants after receiving the dietary intervention education session: 

 

‘The study made me more aware of the choices I can make…choose things that 

might have a bit more fat in them but don’t have a lot of added sugar in to replace 

the fat… sugar goes straight into the bloodstream and spikes your blood sugar level.’  

                          (0203 Male, 33 years)  

 

Dietary changes 

Individualised dietary goals were agreed during the dietary planning component of the 

intervention. Participant and parent feedback was that the dietary targets were minor, 

‘subtle changes’ (0101 Mother), rather than drastic diet overhauls. Parents commented 

on the difference just simple swaps and small changes made. They also commented on 

their child’s improved attitude to their diet, which included preparing food rather than 

always opting for convenience items and making better choices in terms of snacks: 

 

‘I notice he, now, is much more, of his own back, much more thoughtful about what 

he eats and will shy off some of the sugary biscuits and things. Whereas, in the past, 

would have just troughed straight in.’                                                           (0101 Father) 

 

Most participants reported feeling more confident in making lower GI food choices after 

receiving the dietary intervention, and felt that introducing the agreed dietary changes 

had led to them adopting a more balanced approach to their dietary intake overall:  

 

‘I make better choices about what I’m eating. Also, it’s just healthier, it feels 

healthier.’               (0102 Female, 17 years)  
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Implementing the dietary changes had no impact on any of the participants PERT regimes, 

but a small number of individuals had lost weight at follow-up. This was explored with 

these participants, and it transpired that running out of nutritional supplements that they 

routinely used, and periods of acute ill health during the intervention period, which 

negatively impacted appetite, may have contributed to the weight loss:  

 

‘I haven’t been very well…it was probably not the best time to do – it wasn’t a true 

reflection of it because I wasn’t eating what I am back to now. I just had no energy 

to make food or anything…whereas now, I’m back to eating a lot more through the 

day.’                                                                                                 (0204 Female, 23 years)    

 

The impact of implementing the dietary changes on the participants families was 

explored. Parents and family members played a very important role in food provision for 

the study participants in terms of shopping and food preparation: ‘if I make sure they’re 

in the shopping, [participant] will eat them’ (0303 Mother). One parent jokingly remarked 

that grocery shopping was ‘much harder now’ (0101 Father) as they needed to look at 

food labels and make different choices of items to purchase to incorporate the agreed 

dietary changes: 

‘Mainly his sugary issues were drink-related…he’s been very sensible about making 

sure he’s not drinking any of those fizzy drinks that are not zero drinks, he’ll read the 

labels himself. The hardest one was the apple juice. I don’t think I really thought too 

much about the amount of sugar that’s in it, because it’s fruit sugars.’       

      (0101 Mother) 

 

Family tensions, caused by providing of differing food options at mealtimes, were 

reported in some cases:  

‘It was a bit annoying when we had puddings because my sister would get really 

sugary food and I really wanted it. Then I’d complain and get told off…’    

  (0106 Female, 11 years)  
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Further exploration indicated that these tensions had been resolved by all family 

members embracing the dietary changes: ‘I’m changing how we’re all eating as a family’ 

(0106 Mother). 

All the participants reported that they felt they would maintain the dietary changes they 

had made during the study because it was easy to do so and because they did not want 

to slip back into ‘bad habits’ (0204 Female, 23 years). Seeing positive effects on their 

glycaemic control also made some individuals more inclined to continue the dietary 

changes implemented:  

 

‘Now I’ve taken part in the study, looking at these results, that one was an 

improvement from my last set. So even looking at that just makes me motivated to 

keep doing that and try and maintain it like that really.’       (0104 Female, 17 years) 

 

Future utility of the GI dietary intervention:  

The participants felt that GI dietary education could be beneficial for others living with CF 

and glucose abnormalities. They discussed how the dietary intervention provided 

opportunities for empowerment in terms of individual self-management, with scope to 

focus on diet improvements in addition to enhancing knowledge, motivation, and control 

in relation to their CF nutritional management:  

‘I’ve ignored it before, completely. It’s given me the kick that I needed, but also, I 

was the one picking everything, so I was still in control. But I was just putting small 

things into place that I probably should’ve done years ago but didn’t really have the 

knowledge to do so.’                                                    (0310 Female, 23 years)  

 

Parents reported that when their children were diagnosed with CF, they were educated 

to ‘not hold back’ (0101 Mother) and to give their offspring whatever they liked to eat 

and drink to ensure the necessary energy intake: ‘it was all Mars-bars and ice-cream; we 

were rather horrified by that’ (0102 Mother). Some parents felt that eating practices 
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established as a result of historical CF dietary management advice may impede dietary 

change: 

‘I think it’s going to be more difficult to get people with CF to change their habits, 

because right from the beginning you’re told, “get the calories in” and that sugary 

things are the best way to get the calories in, but it’s about education, isn’t it? I think 

if you say glycaemic index to people who perhaps don’t know anything about it, it 

might sound a little bit scary but once it’s explained to you it’s not that tricky.’                       

       (0101 Mother) 

 

One individual commented that when introducing the dietary intervention to others in 

the future, thought needed to be given to an individual’s state of mind and their 

willingness to engage in their CF management more widely, as this could predict whether 

they were likely to engage with the intervention.   

 

5.7 Discussion 

To our knowledge this is the first study to report the views of people with CF and 

dysglycaemia, their parents and HCPs involved in the treatment of this clinical group, 

regarding the feasibility and acceptability of a GI dietary intervention designed for use in 

the context of CF. The perspectives and opinions expressed by the study participants, 

their parents and the HCP participants were aligned on several of the topics explored and 

are described below.  

 

5.7.1 Management of dysglycaemia in CF 

This study highlights variation in dysglycaemia management in CF clinical practice. 

Variable knowledge and understanding of dysglycaemia between HCPs, and consequently 

between patients and their families, was reported. Previous qualitative research has 

demonstrated that many people with CF are unfamiliar with the possibility of developing 
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diabetes and that many lack the knowledge and confidence to approach and manage this 

second chronic condition (356). The HCPs participating in this study highlighted the 

importance of making conversations about CFRD part of routine CF clinical care, in 

agreement with suggestions from the parents of study participants that the topic of CFRD 

should be introduced earlier in CF clinical management. 

CFRD guidance asserts that the use of carbohydrate counting in conjunction with usual CF 

diet may help to optimise glycaemic control when CFRD is managed using insulin therapy 

(70). Carbohydrate counting was not reported to be widely used in clinical practice by the 

HCPs in this study however, as it was felt that it added to the patient treatment burden. 

Carbohydrate awareness education was much more widely utilised to help manage 

dysglycaemia. Use of GI education in CF clinical practice varied; some ad hoc use in clinical 

consultations was reported and many of the HCPs felt that GI dietary education should be 

embedded within routine CF clinical care. Overall, HCPs felt that CF dietary management 

was improving in the context of contemporary CF clinical care, with more consideration 

being given to dysglycaemia management and overall diet quality, but there is still room 

for improvement. This finding is in agreement with an update of the nutritional 

management of CF published in 2018 which highlighted the need to adjust nutritional 

advice to meet the changing needs of people with CF (75).    

 

5.7.2 Intervention acceptability 

The response from the study participants in relation to the intervention trialled in the 

feasibility study was positive; the GI dietary intervention and the study processes were 

found to be acceptable overall. Both the study participants interviewed and the CF HCPs 

who participated in the focus groups felt that the educational content of the dietary 

intervention was appropriate and easily understandable. Study participants were 

accepting of the information provided and felt that dietitian-led delivery of the 

intervention was appropriate, as dietitians are nutrition experts. The participants viewed 

the participant resource booklet as a useful aid to guide the dietary education session, 

and as a helpful, on-going practical resource to guide their food choices and to inform 

family members about the intervention. Tailored health interventions are known to be 
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more effective than generic interventions (357-359), and the HCPs considered the 

provision of individualised GI dietary information in the context of CF management to be 

important. HCPs and study participants recommended the provision of both online and 

paper options for dietary recording and participant resources in future studies to meet 

individual preferences and maximise participant engagement. Self-reported data are 

important in assessing individual progress and barriers, and feedback on self-reported 

data is necessary to enhance people’s motivation and support behaviour change (283).  

The participants felt that face-to-face delivery facilitated engagement with the 

intervention, and the HCPs also believed this to be important for effective dietary 

education delivery. Group education is used successfully in dietary counselling for non-CF 

diabetes (360-362) but this method of delivery is not an option in CF populations due to 

cross-infection restrictions. Telephone delivery of the intervention was also acceptable 

from the participant perspective, and this could offer an alternative method of 

intervention delivery. Recent research on the use of virtual telehealth, or hybrid systems, 

in CF management highlighted that adopting these alternative methods of service 

delivery into clinical research is possible, but not without challenges, and rigorous 

assessment and review is required (305). 

Most of the participants in this study were familiar with CGM assessment and found the 

CGM process and wear time acceptable, apart from the finger-prick blood glucose 

calibration measurements, which were reported as painful by all participants. Finger-prick 

testing of capillary blood glucose is recognised as a barrier to self-monitoring of blood 

glucose in people with diabetes, and pain and fear of needles are cited as contributing 

factors to not performing these measurements (363, 364). With advancing technology, 

CGM is becoming more user friendly, with some systems no longer requiring finger-prick 

calibration measurements. Alternative CGM systems could be considered in future 

studies and adequate information must be provided on all aspects of the CGM assessment 

process.  
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5.7.3 Implementing glycaemic index dietary intervention  

Knowledge of GI was very limited from the study participant and parent perspectives prior 

to taking part in the research, but increased understanding of GI after the dietary 

intervention meant that individuals felt able to use this new knowledge to make 

appropriate, achievable, and sustainable dietary changes. Improved understanding was 

more likely to lead to improved adherence to the agreed dietary targets, and the study 

participants, and their parents, felt that implementing the GI dietary changes led to a 

more balanced approach to dietary intake overall.  

Previous studies have reported relative ease in compliance with a low GI diet as an 

intervention in non-CF diabetes (170-172, 365) and our findings are consistent with this; 

the study participants reported implementing the agreed dietary changes easily and felt 

confident that they would be able to maintain the changes in the longer term. Palatability, 

ease of consumption and education burden are important factors in the adherence to any 

dietary intervention; if an intervention is easy to comply with it may meet with less 

resistance from recipients (178). The impact of life events on an individuals’ ability to 

engage with the intervention and study should be considered and advice was provided 

from the study participants and the HCPs to reflect on an individual’s overall engagement 

in their CF management, as this could be a predictor of likelihood to engage with the 

dietary intervention and study processes.  

 

5.7.4 Suggested intervention improvements 

Suggestions for improvements to the intervention were made by study participants, 

parents, and HCPs. A key suggestion, made by study participants and confirmed by 

parents, was to incorporate parental involvement in the dietary intervention education 

session, demonstrating the importance of parental support in CF management. This is in 

agreement with previous research that has highlighted the role of parental support in the 

self-management of CFRD in older adolescents and the concern that parents have about 

their child’s ability to manage their CFRD independently (366, 367). Practical measures to 

assist study participants with understanding and applying the GI education in everyday 

life, and ways to enhance the participant resource booklet were also suggested by 
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participants, parents, and HCPs. These suggestions will be addressed in future iterations 

of the intervention. 

 

5.7.5 Utility of the dietary intervention in CF clinical practice 

The HCPs could see potential for GI dietary education in dysglycaemia management to 

prevent or delay the progression to CFRD, and viewed the dietary intervention as a 

potentially useful tool in a range of options for managing dysglycaemia in CF. The study 

participants and their parents also felt that GI dietary education could be beneficial for 

others living with CF and dysglycaemia and thought that the dietary intervention provided 

opportunities for empowerment in terms of CF nutritional self-management.  

 

5.7.6 Study strengths and limitations 

This study contributes to the existing limited literature on the management of 

dysglycaemia in CF. This is the first study to specifically examine the potential of a GI 

dietary intervention for managing dysglycaemia in CF. The use of qualitative research 

methods allowed study participants and their parents to raise issues that were important 

to them and to discuss their views and experiences in relation to the intervention and 

study processes in detail, while the focus groups facilitated understanding of the wider 

management of dysglycaemia in CF, within which the role of the intervention from the 

perspectives of CF HCPs could be considered. Obtaining an international perspective from 

USA CF HCPs is another strength of this research. 

The limitations of this research include the relatively small samples, which may not 

represent the views of all patients and families with CF and dysglycaemia and CF 

practitioners. Individuals who chose to participate in this research may have different 

experiences and views to those who were not willing or able to participate, and it is a 

limitation of this study that the views and experiences of individuals who either declined 

participation or who withdrew from the study were not captured. In future work, 

individuals who do not wish to participate in the study should be invited to take part in 

an interview to elucidate a richer understanding of their reasons for non-participation. 
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Additionally, the study participants who completed the intervention might be individuals 

who were particularly motivated to manage their CF or willing to engage with the 

intervention, and therefore may not be representative of their peers. Finally, all 

individuals who took part in the feasibility assessment (i.e., study participants, their 

parents, and HCPs) were aware that the researcher developed the dietary intervention 

and that the feasibility study formed part of the researcher’s PhD. This knowledge may 

have influenced their responses and resulted in them expressing positive views when 

asked about the dietary intervention and the study processes. 

 

5.8 Conclusion 

The findings from this qualitative investigation suggest that the proposed GI dietary 

intervention and the feasibility study were acceptable to the study participants, their 

parents and to CF HCPs who may be involved in the delivery of the intervention in the 

future. Valuable insights and useful suggestions were provided from the CF practitioner, 

study participant and parent perspectives. These findings, together with ongoing 

stakeholder consultation, provide the foundation for further development of this 

research and will help to guide future work. 
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6.1 Chapter overview 

This chapter summarises the main findings from the three studies presented in this thesis 

and discusses these findings in the context of the research aims. The strengths, limitations 

and possible future directions of the research are highlighted, and implications for clinical 

practice are considered.  

 

6.2 Research rationale and aims 

Abnormalities in glucose metabolism are common in CF and are becoming an increasingly 

important complication as longevity in CF increases. Nutritional therapy, a key feature of 

CF management, has primarily focused on an energy dense, high-fat diet and there is 

limited evidence to guide the dietary management of dysglycaemia. A low GI diet is 

recommended for non-CF diabetes dietary management (117) and manipulating 

carbohydrate intake may have a role in managing dysglycaemia in CF, but evidence for 

the use of GI dietary intervention in this context is lacking (178). Considering the 

vulnerability of the target population, a better understanding of the feasibility, safety, and 

acceptance of GI dietary intervention in CF is needed. 

The aim of this thesis was to increase knowledge related to the dietary management of 

dysglycaemia in CF, and specifically to explore the feasibility of GI dietary intervention for 

people with CF and glucose abnormalities. This aim has been achieved using the following 

methodologies:  

 

1. A systematic review of the literature related to dietary interventions for 

dysglycaemia management in CF. 

2. A feasibility study of delivering a novel GI dietary intervention for people with CF 

and dysglycaemia. 

3. An acceptability assessment of the GI dietary intervention and the study 

processes. 
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6.3 Summary of findings 

The systematic review, presented in Chapter 2 of this thesis, found a lack of robust 

evidence on dietary interventions for people with CF and dysglycaemia. Whilst some 

preliminary research relating dietary GI manipulation and glycaemic control in CF is 

available, the limitations and risk of bias of the poorly reported, small-scale studies 

presented in the review constrain the usefulness of their findings. The systematic review 

provides an update and expands on a review conducted by Balzer et al in 2012 (178), 

which reported a dearth of evidence for the use of low GI diets in CF, and made a 

recommendation for further scientific study in this area (178). This recommendation 

seems to have gone unheeded, as, a decade on, there remains minimal evidence on this 

topic. 

To begin to address this lack of evidence, a feasibility study was designed and conducted 

to explore the potential role of GI manipulation as a dietary management strategy for 

dysglycaemia in the CF population. A bespoke dietary intervention comprising of GI 

education and dietary planning was developed as described in Chapter 3; the aim of the 

intervention was to promote knowledge and beliefs conducive to implementing and 

maintaining positive dietary practices for managing dysglycaemia in CF. The feasibility 

study examined recruitment, retention, acceptability and safety of the dietary 

intervention and study processes and explored the potential promise of the intervention 

through observed change in dietary GI, GL, energy intake, participant BMI and glycaemia 

at baseline and follow-up. 

The findings from the feasibility study demonstrate that it is possible to implement the 

dietary intervention in the CF population and to recruit and retain participants to a clinical 

study of the intervention conducted in NHS CF centres. An important aspect of the 

feasibility study was to investigate if GI manipulation could be safely implemented 

without unduly reducing dietary energy intake in people with a predominantly catabolic 

disease. The results indicate that the intervention was safe; no harmful events were 

reported, energy intake reduced only marginally, weight and BMI were not adversely 

affected, and the preliminary data suggest a favourable effect of the dietary intervention 

on reducing dietary GI and GL.  
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Importantly, the feasibility study participants and the CF HCPs participating in the 

acceptability assessment focus groups found the proposed dietary intervention 

acceptable and provided valuable patient and practitioner perspectives. The potential 

benefits of GI dietary intervention for people living with CF and dysglycaemia were 

recognised, and the intervention was viewed as a potentially useful tool that could enable 

people to better manage dysglycaemia in CF. These are encouraging findings, indicating 

that further investigation of the proposed GI dietary intervention is warranted. 

 

6.4 Reflexivity  

Conducting research can necessitate intimate interactions between the researcher and 

the research participants (368), and the researcher plays a pivotal role in the data 

collected and the interpretation of the data (369). It is important that researchers 

acknowledge and reflect on any potential sources of bias caused by their professional and 

disciplinary backgrounds, and their own views and experiences of the phenomena under 

investigation, to consider how they might have influenced the collection and/or 

interpretation of data. Researcher reflexivity is the process of critical self-evaluation of 

personal characteristics, beliefs, emotions and motivations, and acknowledgement of 

how these factors may influence the research process and outcomes (370, 371). 

I have been fully immersed in this PhD as the primary researcher and developed and 

conducted the programme of research in its entirety. I am a registered dietitian and have 

been trained to deliver dietetic care, to conduct collaborative dietary planning, and to 

exercise clinical judgement in relation to dietary therapy. Being a dietitian drew me to 

focus on this area of work for my PhD; I identified an area of unmet clinical need in CF 

management through my role as a research dietitian and was motivated to use my 

dietetic and health research knowledge, skills, and experience to develop a programme 

of research to begin to address this need. I have contributed to CF clinical dietetic care for 

several years whilst conducting this research, but I do not personally have the condition 

under study, and this may have limited my ability to understand certain issues pertinent 

to the study participants.  
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All individuals who took part in the feasibility study and acceptability assessment were 

aware that I am a dietitian and that the investigations formed part of my doctoral 

programme of research. This knowledge may have influenced their responses when asked 

about their perceptions of the dietary intervention and the study processes in the 

interviews and focus groups. This was unavoidable but I attempted to minimise this by 

encouraging all participants to be open and honest about their experiences to inform 

future research, and by stressing my role as a researcher rather than a dietitian in all 

aspects of the study other than the delivery of the dietary intervention.  

I conducted ongoing reflexivity throughout the research process, giving due consideration 

to the impact I may have had on the research, and a rigorous approach was taken to data 

collection and analysis to increase the objectivity of the findings. Recommended 

measures taken to increase the findings’ credibility included transparent, detailed 

reporting of the methodologies used for data collection and analysis, double coding with 

researcher colleagues where appropriate (systematic review and qualitative data 

analyses) and conducting the qualitative data analysis before analysing the quantitative 

data to avoid interpretation bias (372-374). During both the qualitative and quantitative 

data analyses, I strived to detach myself from my investment in the research and focused 

solely on the data collected to ensure the credibility and validity of the analyses and the 

research findings. Nonetheless, the nature of being human means that was impossible to 

fully remove my personal views, knowledge, and experience from the analysis process to 

achieve complete objectivity (355, 370), and these factors will have influenced my 

interpretation of the data to some degree.  

 

6.5 Research strengths and limitations  

The strengths and limitations of the research presented in this thesis should be 

acknowledged, and the strengths will be described first. The systematic review ensured 

that the latest research was captured to inform the development of the dietary 

intervention. It is known that the feasibility and acceptability of interventions can be 

improved by engaging potential intervention users (199), and stakeholder involvement 
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was integral to the development of the dietary intervention and the feasibility study from 

the outset. Conducting a mixed method, multi-phased programme of research allowed 

the most appropriate research methods to be used to address the specific research 

objectives, thereby enabling the overall aim of increasing knowledge related to the 

dietary management of dysglycaemia in CF to be addressed.  

Limitations of this research include the single-arm, non-randomised study design of the 

feasibility study. All participants recruited to the feasibility study received the dietary 

intervention and therefore no insight was provided into how willing individuals would be 

to take part in a randomised trial, that allocates participants to the intervention and 

another trial arm, such as usual care.  In addition, the researcher was the main individual 

involved in the feasibility study recruitment process, and therefore the willingness of CF 

clinicians to recruit participants could not be fully explored. 

The ethnicity of the study sample was broadly representative of the UK CF population 

(375, 376) but the participants were individuals who self-selected to take part and 

therefore might be people who are particularly motivated to manage their dysglycaemia. 

The views and experiences of individuals who declined participation or who withdrew 

from the study were not captured; these would have provided another perspective from 

which to assess the intervention and the feasibility of conducting a full trial in the future. 

In addition, the study sample was small, and this may have limited how representative 

the participants were of others with CF and dysglycaemia, further limiting the 

generalisability of the feasibility study and the qualitative acceptability assessment 

findings.  

A significant proportion of the research visits were conducted in the participants’ home 

environments. Whilst home visits were well received by the study participants, this is not 

a viable option for future intervention delivery due to time and financial constraints of 

clinical CF services. The recent rapid rise in the use of telehealth for health service delivery 

during the COVID-19 pandemic may offer a partial solution to this. 
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6.6 Future research directions  

Important considerations in relation to progressing this research are to assess the 

feasibility of a future definitive trial of the dietary intervention to determine whether it 

would be possible to embed the intervention within the clinical care pathways of existing 

CF services and to conduct a full evaluation of the intervention’s clinical effectiveness and 

cost-effectiveness. 

Refinement of interventions is a core element of complex intervention research (199). 

Refinement and further development of this dietary intervention should include 

amendments to the study design, intervention, and measurement tools to address factors 

that require examination in future research, including: i) other modifiable factors that 

influence glycaemia, including physical activity levels, medication, and artificial nutrition 

support, and ii) collection of longer-term follow-up data to assess the longer-term impact 

of the GI dietary intervention. Adaptations to facilitate implementation of the dietary 

intervention across different contexts should also be considered (377). The context in 

which an intervention is delivered can have implications on its outcomes (378, 379) and 

stakeholder involvement must continue as a key feature of future research to explore 

how the intervention may need to be refined to meet the needs of different groups (300).  

Interventions that are informed by appropriate theory may be more effective in changing 

behaviour than those not based on theory (380), and the application of theory is 

recognised in enhancing the development, implementation and evaluation of complex 

interventions (211, 228, 381). Developing, refining and testing programme theory to gain 

a theoretical understanding of the target behaviours and how change can be achieved, is 

a core element of complex intervention research (199). The GI dietary intervention was 

developed using the theoretical basis of the EHBM to encourage healthful dietary 

behaviours in the context of dysglycaemia in CF, by increasing nutrition knowledge about 

the GI and the possible benefits of making appropriate dietary changes. Further 

development of the programme theory underpinning the intervention would be 

beneficial and should be a key focus of future work.  
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The GI dietary intervention was delivered to all study participants by one dietitian (the 

researcher) in this feasibility study. A viable model for the future delivery of the 

intervention, and the associated clinical studies, by dietitians across a range of CF contexts 

needs to be established to assess scalability and generalisability. Allowing some flexibility 

to be able to respond to the specific needs of the individuals delivering and receiving 

interventions is associated with increased success when scaling up health interventions 

(382), and due consideration should be given to how best to achieve a structured 

approach that facilitates effective, standardised delivery of the intervention, whilst also 

incorporating a degree of flexibility to meet individual needs. Intervention fidelity will 

need to be assessed (383); appropriate objective fidelity measures will need to be 

identified and the competence of individuals delivering the intervention should be 

evaluated (384, 385).  

The MRC guidance recommends conducting an evaluability assessment to determine how 

an intervention can most usefully be evaluated (199). Evaluability assessments involve 

collaboration with stakeholders to reach agreement on the expected outcomes of the 

intervention, the data that could be collected to assess processes and outcomes, and the 

options for designing the evaluation (199). A health economics evaluation is also 

recommended to examine the costs to the NHS and patients associated with the 

intervention, to determine its cost-effectiveness and to assist with decisions on whether 

proceeding to a full scale evaluation is worthwhile (199, 386).    

It is important to identify and address key uncertainties to increase the likelihood of 

intervention success, prior to effectiveness testing in a definitive trial. The only studies 

that have utilised GI intervention in the context of the dietary management of 

dysglycaemia in CF provide scant detail of the interventions trialled, thereby limiting the 

ability to replicate these studies in other contexts (192, 193). Sharing feasibility work 

enables researchers to reuse successful techniques and to avoid similar pitfalls, thereby 

saving time and resources (387). The systematic review and feasibility study presented in 

this thesis are being written up for publication, and all future work should also be 

published to establish the evidence that is needed to be able advance the dietary 

management of dysglycaemia in CF. 
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Ultimately, a fully powered, randomised trial comparing the GI dietary intervention to 

standard care will be required to test the effectiveness of this dietary strategy for people 

with CF and dysglycaemia. A multi-centre approach will likely be needed to recruit enough 

participants to achieve statistical power. A cluster randomised trial study design should 

be considered for future effectiveness testing, to avoid contamination between trial arms. 

In relation to numbers of potentially eligible participants and sites for future research, 

7576 individuals aged over 10 years with CFRD were registered on the UK CF registry in 

2020 (2), cared for at 26 adult and 29 paediatric specialist CF centres in the UK. An audit 

of the size of the CF cohorts cared for at different CF centres would help to identify 

potential recruitment sites for a future multi-centre study. 

6.7 Clinical implications 

Decreasing dietary GI may reduce glycaemic variability, which may reduce the burden on 

the pancreatic β-cells and could delay progression to CFRD in people with CF and 

dysglycaemia. Dietary intervention that is focused on manipulation of GI could also 

provide a less invasive approach for CFRD management compared to insulin therapy. If 

future research confirms the effectiveness of GI dietary intervention in CF this may offer 

an acceptable clinical management option, and contribute to a reduced treatment 

burden, for people with CF and dysglycaemia.  

However, the clinical landscape of CF management has changed significantly since this 

research was first conceived; a dramatic evolution of CF treatment has occurred in recent 

years with the introduction of CFTR modulator therapies. For example, Kaftrio, a triple 

combination therapy combining three active drugs (one that improves the activity of the 

defective CFTR protein and two that increase the number of CFTR proteins on cell 

surfaces), became widely available through the NHS in 2020 and is expected to benefit 

90% of the CF population (41). Recent data have demonstrated that glucose regulation is 

altered in children with CFRD on commencing Kaftrio therapy; insulin doses may reduce 

significantly and in some cases insulin therapy may no longer be required (388). The full 

effects of these therapies on glucose metabolism are incompletely understood, and 

further research is needed as their use in CF clinical management becomes increasingly 

prevalent (389).  
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6.8 Conclusion 

Low GI diets are recommended in non-CF diabetes management and GI dietary 

intervention could potentially be useful in CF populations, but evidence has so far been 

lacking. To address this research gap, this thesis explored the feasibility, safety, and 

acceptability of a novel GI dietary intervention for managing dysglycaemia in people with 

CF. 

The mix-method programme of research conducted confirms the lack of robust evidence 

to guide the dietary management of dysglycaemia in CF and demonstrates that it is 

feasible to i) recruit and retain people to a study investigating a dietary intervention 

utilising GI education and dietary planning for dysglycaemia in CF, ii) deliver the 

intervention to people with CF and dysglycaemia, and for the intervention recipients to 

implement it in their daily lives, and iii) that the proposed dietary intervention and study 

processes are acceptable to study participants and to CF HCPs who may be involved in 

future delivery. In addition, the preliminary data obtained suggest a favourable effect of 

the dietary intervention in terms of safely reducing dietary GI and GL, but this needs to 

be confirmed through full effectiveness testing.  

The valuable insights gained in relation to the feasibility and acceptability of the proposed 

GI dietary intervention provide a first step towards establishing an evidence base to 

advance the dietary management of dysglycaemia in CF. The findings indicate that further 

research in relation to the use of GI dietary intervention as a potential nutritional strategy 

for managing glucose abnormalities in CF is warranted. As the proportion of individuals 

with dysglycaemia increases due to improved longevity in CF, well designed research 

studies are needed to obtain robust evidence relating to the clinical utility of GI dietary 

intervention for people with CF and dysglycaemia. It is hoped that the preliminary 

research presented in this thesis will inform the subsequent refinement of the dietary 

intervention and will guide the design and development of future feasibility and 

effectiveness testing. 
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Appendix 2.1: Acceptance of Cochrane review protocol 

 

09 Mar 2022 

RE: Dietary interventions for managing glucose abnormalities in people with cystic fibrosis (MS# 
COCHRANECAFN-2022-00040 

     

Dear Laura, 

We are very pleased to accept your draft protocol 'Dietary interventions for managing glucose 
abnormalities in people with cystic fibrosis' for publication in the Cochrane Database of 
Systematic Reviews (CDSR) in the Cochrane Library. Your protocol will now be sent for copy 
editing, and you will receive the copy-edited article to review. 

All authors will also receive an email with a link to complete a Licence for Publication form. Please 
complete this form as soon as possible, to avoid delays in publication. The form will include a link 
to view the accepted version of your submission (prior to copy edit). The version sent for 
publication will include changes made during the copy-editing stage. As mentioned above, you 
will have the opportunity to review the copy-edited version. 

When completing your Licence for Publication form, please confirm that your name and affiliation 
details show correctly in the latest version of the 
review: https://revman.cochrane.org/#/201619120212345166/authors. Notify your Managing 
Editor as soon as possible if any changes are required. 

Please also contact your Managing Editor if you have acquired any potential conflicts since your 
last Declaration of Interest, and/or your current interests are not accurately reflected in the 
"Declarations of Interest" section in the latest version of your 
review: https://revman.cochrane.org/#/201619120212345166/declarations. (Please note that 
authors of DTA reviews will need to check this section in RevMan 5.)  

The publication of your paper could be delayed if the corresponding author is not able to review 
copy edit changes. Please let us know as soon as possible if any change in corresponding author 
or e-mail address contact details is necessary.  

If you have any questions, please contact us. Thank you for submitting your manuscript to the 
Cochrane Cystic Fibrosis and Genetic Disorders Group.   

 

Best wishes,  

Mrs Nikki Jahnke 

Managing Editor, Cochrane Cystic Fibrosis and Genetic Disorders 

 

https://revman.cochrane.org/#/201619120212345166/authors
https://revman.cochrane.org/#/201619120212345166/declarations
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Appendix 2.2: Definitions of glucose abnormalities 

 IGT CFRD 

OGTT 120-min plasma glucose 7.8-
11.1 mmol/L 

120-min plasma glucose ≥11.1 
mmol/L (146)  

HbA1c ≥ 39 mmol/mol or ≥ 5.7% ≥ 48 mmol/mol or ≥6.5% (145, 147)  

Fasting plasma glucose  ≥ 7.0mmol/l (146)           

CGM  Time above 7.8 mmol/l ≥ 4.5% 
(110) 
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Appendix 2.3: Example search strategy (MEDLINE database) 
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Appendix 2.4: CF dietary interventions review data extraction form 
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Appendix 2.5: Excluded studies and reason for exclusion 

 Author Year  Reason for Exclusion 
1 Alvarez 2020 Conference abstract  
2 Armaghanian 2020 Eligibility criteria not met 
3 Ballman 2018 Eligibility criteria not met 
4 Balzer 2014 Eligibility criteria not met 
5 Barrett 2017 Conference abstract 
6 Basheer 2017 Conference abstract 
7 Bass 2018 Eligibility criteria not met 
8 Bevan 2008 Eligibility criteria not met 
9 Birch 2019 Conference abstract 
10 Bizzarri 2006 Eligibility criteria not met 
11 Blackman 2016  Eligibility criteria not met 
12 Bretones 2003 Review  
13 Bridges 2013 Review 
14 Broadhead 2016 Eligibility criteria not met 
15 Castellani 2018 Guidelines 
16 Collins 2015 Conference abstract  
17 Dobson 2004 Review 
18 Engelen 2014 Eligibility criteria not met 
19 Fattorusso 2017 Eligibility criteria not met 
20 Gorji 2020 Eligibility criteria not met 
21 Grancini 2019 Conference abstract 
22 Hameed 2011 Eligibility criteria not met 
23 Hogg 2012 Eligibility criteria not met 
24 Jones 2016 Review 
25 Kavaliunaite 2014 Eligibility criteria not met 
26 Kelly 2012 Review 
27 Khoury 2012 Conference abstract 
28 Klupa 2008 Eligibility criteria not met 
29 Kolouskova 2011 Eligibility criteria not met 
30 Litvin 2018 Eligibility criteria not met 
31 Matson 2015 Conference abstract 
32 Marichal 2016 Eligibility criteria not met 
33 McFarlane 2016 Eligibility criteria not met 
34 Megias 2015 Review 
35 Mohan 2008 Eligibility criteria not met 
36 Moran 2018 Guidelines 
37 Mosnier-Pudar 2003 Review 
38 Muller-Brandes 2003 Eligibility criteria not met 
39 Pincikova 2011 Eligibility criteria not met 
40 Rasouli 2012 Eligibility criteria not met 
41 Rodgers 2017 Eligibility criteria not met 
42 Roullet- Releau 2003 Review 
43 Sarles 2003 Review 
44 Scheuing 2015 Eligibility criteria not met 
45 Sheikh 2016 Conference abstract  
46 Still 2017 Conference abstract  
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47 Stallings 2008 Eligibility criteria not met 
48 Stonestreet 2020 Eligibility criteria not met 
49 Sunsoa 2019 Conference abstract 
50 Watson 2012 Conference abstract 
51 Watson 2018 Eligibility criteria not met 
52 White 2009 Eligibility criteria not met 
53 Yilmaz 2012 Eligibility criteria not met 
54 Ziai 2016 Eligibility criteria not met 
55 EUCTR2011-001916-69-NL Eligibility criteria not met 
56 ClinicalTrials.gov Identifier: 

NCT02810691 
Eligibility criteria not met 

57 ClinicalTrials.gov Identifier: 
NCT03205904 

Eligibility criteria not met 
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Appendix 2.6: ROBINS-I assessments 

Ntimbane et al, 2008 (192) 
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Piechowiak et al, 2015 (193) 
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Appendix 2.7: Low GI interventions examined in Cochrane systematic review 

Cochrane Review: Low GI, or low GL, diets for diabetes mellitus (117)  

Author, 
year, 
country 

Study details 
 
 

Details of low GI intervention: 
 

Brand, 
1991 
Australia 
(390) 
 

Type 2 diabetes  
Study design: crossover RCT 
Intervention: low GI diet 
Comparison intervention: 
high GI diet 
Duration: 12 weeks per 
intervention with a 3-week 
washout period 

Aim to reduce glycaemic effect of the diet by 20% without altering macronutrient intake. 
Weekly home visits by research dietitian. Provision of dietary instruction, with spousal involvement 
when appropriate, on how to manipulate the GI of the diet. Provision of recipes, sample foods and 
support and encouragement to maintain compliance over the study duration. 
 
Individualised diet prescription, according to baseline diet (4-day weighed food record).  
Subjects asked to emphasize certain foods at the expense of others: Low GI diet: oatmeal, porridge and 
All-Bran were preferred breakfasts, subjects were asked to consume pasta/legumes once a day, and to 
restrict potatoes, bananas and other high-GI fruits and vegetables. Bread was not overtly restricted in 
low GI diet.  

Collier, 
1988 
Canada 
(391)  

Type 1 diabetes 
Study design: crossover RCT 
Intervention: low GI starchy 
diet 
Comparison intervention: 
high GI diet 
Duration: 6 weeks per 
intervention with a 4-week 
washout period 

Baseline 3-day diet history to determine usual diet – control diet model. 
Test diet constructed to resemble macronutrient content of the control diet but with low GI 
carbohydrate foods substituted for high GI foods.  
Individualised dietary instruction to maximise compliance. 
Cooking instructions and recipes using low GI foods suppled. 
Sample menus individually developed as necessary. 
Exchange list used to indicate which foods in the control diet were to be substituted for low GI foods. 
Foods commonly found in the control diet were exchanged for low GI foods which could be substituted 
into the same meal pattern where possible. E.g., pumpernickel for wholemeal bread, barley, bulgur and 
spaghetti for potato and rice. 

Fontvieille, 
1992 
France 
(392) 
 

Type 1 and Type 2 diabetes 
Study design: cross over 
RCT 
Intervention: low GI diet (GI 
= 38 ± 5 SD) 

Low GI foods recommended: rice (Uncle Bens), French biscuits (‘Petit Beurre’), pasta, apple, 
peas/beans, rye bread 
 
Example typical food intake on low GI diet: 
Breakfast: Rye bread, cheese, French biscuits, coffee/tea 
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 Comparison intervention: 
high GI diet (GI = 64 ± 2 SD) 
Duration: 5 weeks per 
intervention 
 

Snack (10am): French biscuits 
Lunch: Vegetables, meat/fish, rice/pasta/peas/beans, apple, yoghurt, rye bread & vegetable oil 
Snack (4pm): French biscuits 
Dinner: vegetables, eggs/meat/fish, rice/pasta, apple, cheese, rye bread & vegetable oil 
Snack (9pm): yoghurt, apple  
Individualised diet prescribed according to baseline diet (7-day recall).  
Individuals asked to make contact if they had any problems managing/following their diet. 

Frost, 1994 
UK 
(393) 
 

Type 2 diabetes 
Study design: RCT 
Intervention: low GI diet (GI 
= 77±1) 
Comparison intervention: 
standard dietary advice (GI 
= 82±1) 
Duration : 12 weeks 
 

Standard dietary advice (50% energy from CHO, 35% fat) with emphasis on low GI foods.  
Use of wholegrain rye bread, oats, barley and pasta, increased consumption of beans, pulse vegetables 
and fruit recommended. 
 
Example typical food intake on low GI diet: 
Breakfast: porridge, wholemeal bread, orange 
Lunch: baked beans, wholemeal bread, pear 
Dinner: minced beef, tinned tomato, spaghetti, peas, yoghurt 
Daily: semi-skimmed milk, PUFA margarine   
 
Verbal and written guidance provided on meal patterns and how to incorporate recommendations into 
daily life.  
Dietary review (3-day diet diary) at 0,4 and 12 weeks.  

Giacco, 
2000 
Italy 
(171) 
 

Type 1 diabetes 
Study design: parallel group 
RCT 
Intervention: low GI diet (GI 
= 70) 
Comparison intervention: 
high GI diet (GI = 90) 
Duration: 24 weeks 

Intensive dietary education program that included diet history, individualised diet based on energy 
intake and food choices outlined at baseline, 2x 1-hour educational sessions with a dietitian who 
provided recipes, written suggestions for eating out and food choices.  
 
Monthly meetings with the dietitian during the 24 weeks of dietary treatment; 7-day food records 
reviewed at these meetings and deviations from the prescribed diet were underlined to reinforce the 
dietary prescription 

Gilbertson, 
2001 
Australia 
(394) 
 

Type 1 diabetes 
Paediatric study  
Study design: parallel group 
RCT 
Intervention:  low GI diet 

Low GI diet education given to child and parent. 1 x diet education session, conducted in outpatient 
setting by a clinical dietitian, using specially made flipchart explaining the principles of the diet. Written 
literature provided to reinforce the advice.  
No additional education sessions over 12-month study period apart from routine clinic review.  
Food diaries completed at 1,3,6 & 12 months. Phone call 2 weeks before clinic to ensure compliance.  
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Comparison intervention: 
measured carbohydrate 
exchange 
Duration: 12 months 
 

Dietary advice provided in education session: 
CHO: Eat regular meals and snacks based on preferred serving sizes of CHO foods to satisfy appetite. 1 
serving suggested to be the quantity of CHO food that fits into the child’s hand 
Recommendations: Based on the healthy food pyramid with low GI emphasis, aiming for minimum of 
one low-GI food per meal per day  
Prescription: Nil prescription given. Guide given to number of servings at meals/snacks to ensure 
appropriate CHO distribution and consistency, but no specific quantity defined  
Protein/fat foods: Not measured but eat in moderation; choose low fat sources where appropriate; not 
counted as a serving unless in pastry/battered/ crumbed  
Low-CHO foods (mostly vegetable): Identify low-CHO food sources, eaten as part of a balanced diet  
Diet foods (artificially sweetened): Use strongly discouraged with preference for use of sugar-
sweetened products in moderation (only exception to this being diet drinks)  
Sugar: Use in moderation in combination with mixed meals (1.5–2.5 tbsp per day)  
Literature provided: Basic booklet including list of low-GI food sources. Low-GI foods listed, but no GI 
values provided  
Appetite: Eat extra CHO foods to appetite, particularly low GI foods 
Recipe modification: encouraged to modify existing recipes, moderate use of sugar and incorporate low-
GI ingredients where appropriate  
Label reading: Focus on ingredient list and sources of sugars, fats, fibre, and low-GI ingredients and the 
order in which they appear on the label  
Activity/exercise: Eat one extra serve of CHO food per hour of strenuous activity  

Jimenez-
Cruz, 2003 
Mexico 
(395) 
 

Type 2 diabetes 
Study design: crossover RCT 
Intervention: low GI diet  
Comparison intervention: 
high GI diet 
Duration: 6 weeks per 
intervention with 6-week 
washout period  

Dietary instruction, including a pamphlet, provided on flexible diet with a lower GI.  
Typical lower-GI foods recommended: oranges, beans (legumes), yogurt, pasta, and corn tortillas 
CHO recommendations based the Apple of Health illustration guide (396)  

Komindr, 
2001 
Thailand 
(397) 

Type 2 diabetes 
Study design: RCT 
Intervention: low GI diet 

Baseline diet used to create low GI diet according to ADA guidelines: 12% protein, 30% fat, 58% CHO 
(40% of total calories as complex CHO, 5% as sucrose and the remaining 13% of calories as combo of 
fruit and veg.  
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Comparison intervention: 
high GI diet 
Duration: 4 weeks 

Low GI diet consisted mainly of mungbean noodles and partly of rice noodles (35% of daily calories) and 
5% cooked rice. 

Luscombe, 
1999 
Australia 
(398) 
 

Type 2 diabetes 
Study design: crossover RCT 
Intervention: low GI diet (GI 
= 43) 
Comparison intervention: 
high GI diet (GI = 63) 
Duration: 4 weeks per 
intervention, no washout 
period between 
interventions 

Low-GI diet (51% CHO – 23% fat, 43 GI units). The low-GI diet was based on wholegrain bread, low-GI 
cereal and low-GI fruits and vegetables. Other carbohydrate sources prohibited. 
 

At baseline and fortnightly intervals, subjects received detailed dietary instruction on how to manipulate 
the GI of the diet. Specific study foods, dietary guidelines and menus were provided to help maintain 
compliance. 

Rizkalla, 
2004 
France 
(399) 
 
 

Type 2 diabetes 
Study design: crossover RCT 
Intervention: low GI diet 
Comparison intervention: 
high GI diet 
Duration: 4 weeks per 
intervention with 4-week 
washout period between 
interventions 

Carbohydrate items with GI<45 recommended. List of recommended daily intake of commonly used 
foods and a substitution list allowing exchanges within food groups provided.  
 
Subjects advised to consume pumpernickel, pasta, lentils, haricot beans, chickpeas and mung beans. 

Wolever 
1992, 
Canada 
(400) 
 

Type 2 diabetes 
Study design: crossover RCT 
Intervention: low GI diet 
(GI=58) 
Comparison intervention: 
high GI diet (GI=86) 
Duration: 6 weeks per 
intervention with 4-6 weeks 
washout period between 
interventions 

Macronutrient intake: 57% CHO, 23% fat, 20% protein  
First and last 2 weeks, subjects provided with pre-weighed portions of all starchy foods, cheese and 
tinned sauces in their diet plan. Subjects provided their own milk, vegetables, fruit, and margarine 
according to specified daily meal plans. During the middle 2 weeks, subjects provided their own foods 
according to a detailed menu plan.  
Subjects seen weekly - weighed and given diet plans 
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Dietary manipulation to improve glycaemic control in young people with cystic 
fibrosis-related diabetes/impaired glucose tolerance: A feasibility study 
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Protocol version: Version 2.0 
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Glossary/Abbreviations 

BRU  Biomedical Research Unit 

CF  Cystic fibrosis 

CFRD  Cystic fibrosis-related diabetes 

CRF  Case report form 

IGT  Impaired glucose tolerance 

PIS  Participant information sheet 

REC  Research ethics committee 

UoB  University of Bristol 

UHBristol University Hospitals Bristol NHS Foundation Trust 

 

Summary 

Improvements in life expectancy in cystic fibrosis (CF) mean that cystic fibrosis-related diabetes 
(CFRD) is becoming an increasingly important complication, as the prevalence of impaired glucose 
tolerance (IGT) and diabetes increases with age. Treatment regimens for people with CF are 
demanding, impacting significantly on daily life. Developing CFRD has important implications and 
further complicates CF management through daily blood tests and insulin injections. From 
diagnosis, people with CF are encouraged to consume an energy dense diet high in fat and sugar 
to maintain their weight, but high sugar intakes can lead to poor glycaemic (blood sugar) control 
in people with IGT or CFRD. This study will explore the feasibility of dietary manipulation to 
improve glycaemic control in people with IGT/CFRD. 

Background  

CF is the most common genetically inherited, life-limiting condition in white populations, affecting 
1 in 2500 live births.1 Predominantly affecting the respiratory and gastrointestinal systems, it is 
characterized by dehydration of mucous secretions, which leads to progressive obstruction, 
scarring and eventual destruction of target organs.2 CF has significant nutritional implications and 
nutritional status is an important prognostic indicator. Advances in management mean that life 
expectancy is now improving, but as longevity increases so does the incidence of complications. 

CFRD is now the most common complication of CF; it is related to the duration of CF as over time 
there is a natural progression of impaired glucose metabolism. CFRD is typically diagnosed in late 
adolescence or early adulthood, with a period of IGT usually preceding diagnosis. The reported 
prevalence is dependent on the diagnostic criteria used and screening methods, but it is estimated 
that approximately 50% of individuals with CF will have CFRD by 30 years of age.3,4 The primary 
cause of abnormal glucose tolerance in CF is insulin deficiency which is primarily caused by 
pancreatic damage; up to 90% of people with CF have exocrine pancreatic insufficiency. However, 
glucose tolerance is also modified by factors that alter insulin resistance, such as intercurrent 
illness and infection. 

The combination of diabetes and CF is associated with increased morbidity and mortality.;  
deterioration of respiratory, clinical and nutritional status occurs and microvascular complications 
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are increasingly being observed.5-7As a result the already high mortality rate in CF is elevated 
further.8 The adverse impact of insulin deficiency is probably associated with loss of the anabolic 
effect of insulin, loss of nutrition related to glycosuria and possibly increased infection risk with 
elevated glucose (hyperglycaemia).9 There is increasing evidence that early abnormalities in 
glucose tolerance may also contribute to the deterioration in clinical status in addition to overt 
CFRD; individuals with IGT have worse outcomes compared with those with normal glucose 
tolerance.10 At Bristol Royal Hospital for Children, where continuous glucose monitoring (CGM) is 
being increasingly used, growing numbers of young patients with IGT and CFRD are being 
identified. 

CF management carries a significant burden for the individual and for those involved in their care. 
Complex and time-consuming daily treatment regimens which include chest physiotherapy, 
consumption of enzyme preparations at every eating occasion, vitamin supplements and regular 
courses of antibiotics, often delivered in the hospital in-patient setting over two-week periods, 
must all be adhered to. A diagnosis of CFRD adds significantly to the complexity of the daily 
treatment regime, as individuals are required to both monitor and control blood glucose 
concentrations through regular blood glucose testing and daily insulin injections. Furthermore, 
the nature of CFRD changes over time, becoming more complex and requiring additional 
treatment.13 Many individuals experience major difficulties facing the additional burden imposed 
by CFRD on top of regular CF management 6,13 & non-compliance with therapy is an important and 
common problem in people with chronic illness, especially in adolescents and young adults.14 

The current evidence base for dietary therapy in CFRD is weak; it is guided by recommendations 
for CF, with little evidence specific to the dietary management of people with CFRD.11 There are 
no systematic reviews or randomised control trials of dietary interventions and recommendations 
are based on cohort studies and expert consensus.12,13,15 Dietary management must incorporate 
the increased energy requirements of CF and therefore differs significantly from the low-sugar, 
low-fat diet advocated for non-CF diabetes management. There is a pressing need to collect the 
data required to develop evidence-based nutritional recommendations for optimal CFRD 
management.16 

In current practice, the conflict between dietary therapy of CF and diabetes is resolved in favour 
of the ‘traditional’ high-sugar, high-fat CF diet, but good glycaemic control is difficult to achieve 
in this context and therefore insulin therapy is the primary means of controlling glycaemia. 
Previous work has demonstrated that hyperglycaemia trebles the risk of death in people with 
CFRD18 whilst optimising glycaemic control is known to improve clinical and nutritional status, 
pulmonary function and reduce mortality in this patient group.17 Anecdotal evidence from the 
Paediatric CF service at BRHC suggests that high sugar consumption in young people with CFRD 
causes periods of significant hyperglycaemia that are difficult to manage with insulin alone. 
Flexible insulin regimes, using multiple daily injections of short-acting insulin, are currently 
recommended due to the significant day-to-day variation in dietary intake common in people with 
CF19 but such regimes further complicate daily treatment and add to the burden of disease for the 
individual. Preliminary work with service users at BRHC reports that additional insulin injections 
are not a favoured treatment regime. At present there appear to be few attempts to utilise dietary 
intervention to improve glycaemic control in IGT or CFRD. 

Research is essential to elucidate the most appropriate and acceptable nutritional strategies to 
optimise glycaemic control and a strong evidence base is needed to guide the management of 
CFRD. This study is designed to address the significant knowledge gaps in this increasingly 
common clinical presentation. If dietary manipulation can reduce hyperglycaemic episodes and is 
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acceptable to individuals this will provide direct benefit through improved glycaemic control and 
the findings from this study will inform future work to establish optimal CFRD management. 

Study Objectives 

Primary Objective 

To test the feasibility and acceptability of dietary manipulation to improve glycaemic control in 
young people with cystic fibrosis-related diabetes or impaired glucose tolerance. This will be 
tested through measurement of:  

• Recruitment to the study 
• Attendance at research visits 
• Acceptability of the dietary manipulation 
• Safety issues 
 

Secondary Objectives 
• Quantify change in glycaemic control as a result of dietary manipulation 
• Quantify change in total dietary energy content as a result of dietary manipulation 
 

Outcomes 

Primary outcomes will be recruitment to the trial, attendance at research visits and acceptability 
of the dietary manipulation. Furthermore, any safety issues will be recorded. 

 
Secondary outcomes will be the area under the curve (AUC) for glucose levels above the upper 
limit of the normal range (7.8mmol/L) and the total energy content of dietary intake. 
 
Plan of Investigation 

Study Design 

This study is a feasibility trial to test dietary manipulation to improve glycaemic control in young 
people with cystic fibrosis-related diabetes/impaired glucose tolerance. 

 

Sample 

10 individuals were invited to participate. This is an exploratory study and therefore no power 
calculation has been used to determine sample size; the sample is based on the current local 
population with CFRD/IGT and is considered sufficient. 

 

Eligibility  

Inclusion criteria 
• Cystic fibrosis-related diabetes/impaired glucose tolerance  
• 11-35 years 
• Stable insulin regime (if applicable: CFRD treatment) 

 
Exclusion criteria 
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• Pregnancy/planning pregnancy 
• Clinical exacerbation 
• Steroid therapy 

• English not of a sufficient standard to ensure informed consent and full participation in the 
research 

 
Recruitment 

Participants will be recruited from the Paediatric CF service at the Bristol Royal Hospital for 
Children and the Adult CF service at the Bristol Royal Infirmary. Potential participants will be 
identified by the clinical CF teams through review of clinic lists. A study invitation letter and 
participant information sheet will be handed out by members of the CF clinical teams to 
individuals who fulfil the inclusion criteria during routine clinic appointments. Individuals willing 
to consider participation will be able to contact the lead researcher using the details on the study 
paperwork or, with consent, the lead researcher will contact these individuals via telephone or 
email at their preference, one week later to confirm study participation.  

 
Informed Consent 

All participants are required to give written informed consent to participate in the study. This will 
be obtained at the first research visit, prior to commencing any data collection. The lead 
researcher will be responsible for the consent process. At the point that consent is obtained, the 
participant will have had the relevant information and time to discuss the information with family, 
friends, and their CF clinical care team if necessary for a minimum of one week. There will be an 
opportunity to discuss any remaining questions the participant may have with the lead researcher 
prior to signing the consent form. For individuals under 16 years of age, their parent/carer will be 
the main point of contact and will be required to give informed consent. However, participant 
assent will also be obtained from young people under the age of 16 where appropriate. A copy of 
the signed consent form will be filed in the participants’ medical records to ensure that the clinical 
care team are aware of their involvement in the study. Participants’ will also be provided with a 
copy of the signed consent form.  
 
Data collection 

The study is divided into three phases and involves four participant Research Visits: 

Phase  Research 
Visit 

1 Usual dietary intake and glycaemic control (baseline) A 
2 Development and implementation of dietary manipulation B 
3 Assessment of effectiveness and acceptability of dietary 

manipulation 
C+D 

 

Data will be collected on a purpose-designed case record form (CRF). All participants will be 
identified by a unique study number.  
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Phase 1: Usual dietary intake & glycaemic control (baseline). Research Visit A. 

Glycaemic control will be measured for 3-5 days) using a continuous glucose monitoring (CGM) 
system (Appendix 1: Ipro2®, Medtronic). The CGM sensor will be inserted by a CF Clinical Nurse 
Specialist at Research Visit A, which will take place in at the participants’ usual CF care centre 
(outpatients department, BRHC/BRI). After the 3–5-day measurement period the CGM sensor will 
be removed. CGM sensor removal is quick, easy, and painless; the lead researcher can do this, or 
participants can remove the sensor themselves if they wish. If removing the sensor themselves 
participants will be provided with a pre-paid padded envelope to return the sensor to the 
researcher as per usual clinical practice. However, if the participant would prefer the lead 
researcher to remove the sensor, a home visit will be arranged to facilitate this, and the sensor 
will be retrieved by the lead researcher at this time. Following sensor removal, the data generated 
will be downloaded by the lead researcher for analysis. 

Dietary intake will be recorded over the period using an on-line, 24-hour dietary recall tool 
(Appendix 2: INTAKE24). An interactive tutorial on how to use the tool will be provided by the lead 
researcher at Research Visit A. This will be conducted at CRIC Bristol; a clinical research facility 
specifically designed for research studies in clinical populations, which is in close proximity to both 
the BRHC and BRI. Individualised log-in codes will be issued, and participants will be asked to 
access the on-line tool once a day for the 3–5-day measurement period, commencing on the day 
of Research Visit A, to record their dietary intake. It takes approximately 15 minutes to record one 
day’s dietary intake. A laptop and internet dongle device will be provided for the duration of the 
measurement period if required, to ensure access to the on-line tool. Any loaned IT equipment 
will be retrieved by the lead researcher. It is anticipated that Research Visit A will take 
approximately 1 hour. 

Dietary intake and glycaemia data will be reviewed concurrently to examine the effects of usual 
diet on glycaemic control. 

 

Phase 2: Dietary manipulation - development & implementation. Research Visit B. 

Research Visit B will be conducted within four weeks of completion of Phase 1. Clinical status will 
be assessed via telephone prior to Research Visit B by means of a short checklist to include any 
hospital admissions, antibiotic/steroid therapy, or any major changes to insulin regime (if 
applicable) since Phase 1. If any change in clinical status has occurred, the time to Research Visit 
B will be extended to allow recovery of ‘usual’ clinical status. 

Research Visit B will be conducted either as a home visit or at CRICBristol at the participants’ 
preference. The manipulated diet will be based on participants’ usual dietary intake and will be 
designed to reduce the sugar content of their diet whilst maintaining energy content through use 
of alternative foodstuffs that the individual finds acceptable. In-depth dietary planning will be 
conducted, in addition to the provision of behaviour change advice and practical advice to address 
any challenges that implementing dietary change may provoke. 

It is anticipated that Research Visit B will take around 1-2 hours. 

Following Research Visit B, the devised dietary manipulation will be implemented for two weeks. 
The first week will be assigned as an ‘adjustment period’ to enable the necessary dietary changes 
to be made. Participants will be provided with written advice from the lead researcher to guide 
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their dietary modification and the lead researcher will be available via telephone and email for 
the duration of the implementation period to offer advice and support as required.  

There is the potential that making dietary changes could lead to hypoglycaemia (low blood sugar) 
in some participants. This risk will be minimised by the provision of individually tailored dietary 
advice by the lead investigator who is a trained Dietitian with experience in diabetes care 
provision. Professor Julian Hamilton-Shield, Dr Dilip Nazareth and Jill Robinson, Senior Cystic 
Fibrosis Nurse Specialist and diabetes nursing lead at Bristol Royal Infirmary, who are all co-
investigators on this study, are experienced experts in diabetes management and provide the 
routine medical diabetes care for all the participants in this study. Professor Hamilton-Shield, Dr 
Dilip Nazareth and Jill Robinson will be available in person and via phone and/or email for the 
duration of the intervention period to provide the appropriate medical advice should 
hypoglycaemia occur. In addition, all individuals with CFRD are taught how to recognise and treat 
hypoglycaemia as part of their standard care. 

 

Phase 3: Assessment of acceptability of dietary manipulation. Research Visits C+D. 

Dietary intake and glycaemic control will be re-measured for a consecutive 3–5-day period during 
the second week of the dietary manipulation implementation period using the methods described 
in Phase 1; CGM sensor insertion will be conducted either at the participant’s usual clinical care 
centre or during a home visit by the lead researcher at the participants’ preference. (Research 
Visit C). Dietary intake will again be recorded using INTAKE 24. IT equipment will be provided as 
needed.  

Research Visit D will then be scheduled for removal of the CGM sensor removal after the re-
measurement period (either a home visit by the lead researcher or CRICBristol at the participants’ 
preference) and an interview will be conducted between the participant and lead researcher at 
this time to evaluate acceptability of the dietary manipulation.  

 

Discontinuation/withdrawal of participants 

Each participant has the right to withdraw from the study at any time. The study design aims to 
minimise attrition by not overburdening participants but if there is significant attrition (loss of 
more than five individuals) over the study period then additional individuals with similar 
characteristics to those lost will be recruited. 

If a participant wishes to withdraw, data collected up until this point will be included in the 
analyses, unless the participant expresses a wish for their data to be destroyed. If a reason for 
withdrawal is given this will be documented in the participants CRF.  

 

Expenses 

Participants will be reimbursed for all travel expenses they incur as a result of participation in the 
study. 
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Data Analyses 

 
As this study is predominantly interested in feasibility and acceptability, data analyses will focus 
on description of the recruitment and attendance to the study and acceptability of the dietary 
manipulation and any safety issues highlighted.  
 
Acceptability will be assessed through qualitative interviews which will be audio recorded and 
fully transcribed. Transcripts will be analysed thematically to identify emerging themes and to 
develop a coding frame. Transcripts will be imported into the software package NVivo to facilitate 
electronic coding and retrieval of data. Once all transcripts have been coded, data will be analysed 
using an approach based on Framework; using this method, data pertaining to each code will be 
summarised in tables. Comparisons will then be made within and across the interviews to identify 
thematic patterns and deviant cases and to highlight participants’ views of specific issues. 
 
Participants’ baseline characteristics and outcome measures recorded at baseline and follow-up 
will be tabulated using means and standard deviations for normally distributed data, medians and 
interquartile ranges for non-normally distributed data, and percentages and counts for categorical 
data. Paired tests will be used to assess whether there has been any change in the secondary 
outcomes between baseline and follow-up time points. 
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Expenses 

Participants will be reimbursed for all travel expenses they incur as a result of participation in the 
study. 

 

Data Analyses 

As this study is predominantly interested in feasibility and acceptability, data analyses will focus 
on description of the recruitment and attendance to the study and acceptability of the dietary 
manipulation and any safety issues highlighted.  
 
Acceptability will be assessed through qualitative interviews which will be audio recorded and 
fully transcribed. Transcripts will be analysed thematically to identify emerging themes and to 
develop a coding frame. Transcripts will be imported into the software package NVivo to facilitate 
electronic coding and retrieval of data. Once all transcripts have been coded, data will be analysed 
using an approach based on Framework; using this method, data pertaining to each code will be 
summarised in tables. Comparisons will then be made within and across the interviews to identify 
thematic patterns and deviant cases and to highlight participants’ views of specific issues. 
 
Participants’ baseline characteristics and outcome measures recorded at baseline and follow-up 
will be tabulated using means and standard deviations for normally distributed data, medians and 
interquartile ranges for non-normally distributed data, and percentages and counts for categorical 
data. Paired tests will be used to assess whether there has been any change in the secondary 
outcomes between baseline and follow-up time points. 
 

Dissemination of findings 

Summaries of preliminary findings will be produced for study participants, the NIHR and the 
clinical CF services participating in this study, in addition to manuscript production for publication 
in high impact factor, relevant, peer-reviewed journals (e.g., paediatric, respiratory and diabetes 
journals). Preliminary work will be disseminated locally through the Nutrition BRU ‘Present and 
Discuss’ programme and seminar series and will be submitted for presentation at the UK CF Trust 
Conference, the European CF Society Conference and Basic Science Conference and the British 
Dietetic Association’s Research Symposium. 
 
 

Regulatory Issues 

Review by an NHS Research Ethics Committee 

Ethics review of the study protocol and other study related essential documents (e.g., PIS 
consent/assent forms) will be carried out by a UK NHS NRES REC. Any amendments to these 
documents, after a favourable opinion from the REC has been given, will be submitted to the REC 
for approval prior to implementation. All members of the research team will adhere to Good 
Clinical Practice. 

Informing study participants of possible benefits and known risks 
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The information from this study will inform future studies to establish if dietary manipulation can 
improve glycaemic control in people with cystic fibrosis-related diabetes or impaired glucose 
tolerance. 

There is the potential that making dietary changes could lead to hypoglycaemia (low blood sugar) 
in some participants. This risk will be minimised by the provision of individually tailored dietary 
advice by the lead investigator who is a trained Dietitian with experience in diabetes care 
provision. Professor Julian Hamilton-Shield, Dr Dilip Nazareth and Jill Robinson, Senior Cystic 
Fibrosis Nurse Specialist and diabetes nursing lead at Bristol Royal Infirmary, who are all co-
investigators on this study, are experienced experts in diabetes management and provide the 
routine medical diabetes care for all the participants in this study. They will be available in person 
and via phone and/or email for the duration of the intervention period to provide the appropriate 
medical advice should hypoglycaemia occur. In addition, all individuals with cystic fibrosis-related 
diabetes are taught to recognise and treat hypoglycaemia as part of their standard care. 

All potential participants will be provided with an age-appropriate written participant information 
sheet. This will provide written information on the possible benefits and any known risks of taking 
part in the study. The opportunity to discuss the study before deciding on participation will be 
afforded to all either through direct contact or telephone contact with the lead researcher as the 
participant/family wish. The lead researcher or CF clinical care teams will inform the participant if 
new information comes to light that may affect the participant’s willingness to participate in the 
trial. 
 
Adverse events/safety reporting 
 
The study will record details of any adverse events which arise whilst the participant is taking part 
in the trial.  
 

Definitions 

An adverse event is any unexpected effect of an untoward clinical event affecting the participant. 
This is classified according to severity: 

a) Non-serious adverse event (AE) – includes discomfort or slight worsening of symptoms 
b) Serious adverse event (SAE) – may be particularly harmful, dangerous or require 

hospitalisation 

An SAE is defined as one of the following: 

1) results in death 
2) is life-threatening 
3) requires hospitalisation, or prolongation of existing hospitalisation 
4) results in persistent or significant disability or incapacity 
5) consists of a congenital anomaly/birth defect 
6) is otherwise considered medically significant by the investigator 
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Reporting 

SAEs are required to be reported to the REC under the terms of the Standard Operating 
Procedures for REC. The lead researcher will be informed of the SAE by telephone and will jointly 
decide with the primary co-investigator, Professor Julian Hamilton Shield, if the event should be 
reported to the main REC and the study Sponsor as an SAE. Related and unexpected SAEs will be 
reported to the main REC and the Sponsor within 15 days of the lead researcher becoming aware 
of the event, and a copy of that report will be stored in the participant’s records.  
 

Research Governance 

The study will be conducted in accordance with: 
• International Conference for Harmonisation of Good Clinical Practice (ICH GCP) 
• Research Governance Framework for Health and Social Care 

 

Monitoring 

University of Bristol, as Sponsor of this study, has a Service Level Agreement in place with 
University Hospitals Bristol NHS Trust. As part of this agreement, University Hospitals Bristol NHS 
Trust will undertake monitoring of research projects where University of Bristol is fulfilling the 
responsibilities of Research Sponsor. A minimum of 10% of projects will be monitored. 
 
Patient and Public Involvement 
This study will form part of the theme of work ‘Optimising nutrition in children with chronic 
disease’ at the NIHR Biomedical Research Unit in Nutrition, Diet and Lifestyle at the University of 
Bristol and will inform a future NIHR application. As part of this a Patient and Public Involvement 
(PPI) group is in the process of being established which will adhere to the BRU PPI policy. 

 
Confidentiality 
All data collected in this study will be stored and maintained in strict accordance with the UK Data 
Protection Act 1998. All participant identifiable information (i.e., names, addresses, dates of birth 
etc.) will be stored in a separate database from those that hold the glycaemic control and the 
dietary intake data, and participants will be identified by a unique study number. 
Data will be stored in the Nutrition BRU on level 3 of University Hospitals Bristol NHS Trust 
Education and Research Centre. This is a secure site within the Trust. Anonymised data will be 
kept on a database within the Nutrition BRU on a password protected University of Bristol 
computer and the University network is itself firewalled, IP and password authenticated. All paper 
records will be stored in secure storage facilities in the Nutrition BRU. Personal identifiable paper 
records will be stored separately from anonymised paper records. No personal data will leave 
University Hospitals Bristol NHS Trust/University of Bristol property. 
 
 
Sponsor/NHS approval 
 
All trial documents and any amendments to these will be approved by the Sponsor (University of 
Bristol) prior to submission to the REC. As participants are being recruited from an NHS centre, 
approval from the local NHS Trust (University Hospitals Bristol) is required prior to the start of the 
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trial. Any amendments to the trial documents approved by the REC will be submitted to the NHS 
University Hospitals Bristol R&D for information or approval as required. 
 
Study Sponsorship and Indemnity 
The University of Bristol will act as sponsor for the trial. The University of Bristol will be responsible 
for and administer the financial aspects of the grant. The University of Bristol has arranged public 
liability insurance to cover the legal liability of the University as Research Sponsor in the 
eventuality of harm to a research participant arising from management of the research by the 
University. The University of Bristol holds Professional Negligence insurance to cover the legal 
liability of the University, for harm to participants arising from the design of the research, where 
the research protocol was designed by the University. The University of Bristol’s Public Liability 
insurance policy provides an indemnity to our employees for their potential liability for harm to 
participants during the conduct of the research. 

 
 

Study Management 

Finance 

This study is funded by an NIHR Research Capability Fund (RCF)/NHS University Hospitals Bristol 
Above & Beyond grant. 

 

Day-to-day Management 

Day-to-day management of the study will be the responsibility of the lead researcher, Laura Birch, 
under the supervision of the Co-Investigator, Professor Julian Hamilton-Shield. Study progress will 
be discussed at the monthly ‘Optimising nutrition in children with chronic disease’ theme 
meetings within the NIHR Biomedical Research Unit in Nutrition, Diet and Lifestyle. 

 

Protocol Amendments 

Any amendments to the protocol will be submitted to the REC and NHS University Hospitals Bristol 
R&D for approval. The Sponsor (University of Bristol) will also be notified. Protocol amendments 
may be substantial (requiring full review and favourable ethical opinion from the REC) or minor 
(not requiring review). Only once the amendment has been approved by the REC and NHS 
University Hospitals Bristol R&D (or acknowledged in the case of a minor amendment) will the 
amended protocol be implemented. 

 

End of the Study 

For the purpose of the REC approval, the study end date is deemed to be the date of last data 
collection. The study will be reported to the REC within 90 days, or 15 days if it is stopped early.  
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Appendix 3.3: Pump priming study NHS HRA approval 
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Appendix 3.4: Pump priming participant feedback document 
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Appendix 3.5: Pump priming study invite and participant information 
sheets  
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Appendix 3.6: Pump priming study consent and assent forms 
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Appendix 3.7: NIHR CDRF award and panel feedback 
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Appendix 3.8: Cystic Fibrosis Trust Venture and Innovation Award 
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Appendix 3.9: CF research placements: BDA award (2016) for 
international travel to study, research or gather 
information vital to dietetics 
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Appendix 3.10: Glycaemic index published resources 
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Appendix 3.11: Study participant resource booklets 

 

                                                                                    

     

GLIDE 
(11-15 years) 

 

GLycaemic Index Dietary Education  
for blood sugar abnormalities in Cystic Fibrosis 

 
 

Participant:………………………………………… 

 
  

 

 

 

 

 

 

 

 

 

Contacts        
CF Nurse    

CF Dietitian    

Research 
Dietitian 

Laura Birch 
  

 
laura.birch@bristol.ac.uk 
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Carbohydrates give the body energy. When they are eaten, they are broken down 
into a type of sugar called glucose. Glucose is important fuel for the body, 
especially for the brain.  

 

 

 

There are two types of carbohydrate: 

Starchy carbohydrates Sugary carbohydrates 

Bread, rice, pasta, 
potatoes, noodles, 
cereals, crackers

 

Sugar, sweets, soft 
drinks, squashes, 
puddings, cakes, 
biscuits, fruit, fruit 
juices 

 

 

Your blood sugar levels rise when you eat foods containing carbohydrates: 

• Sugary carbohydrates make blood sugar rise quickly 
• Starchy carbohydrates make blood sugar rise more slowly 

 
For people with CF and abnormal blood sugars, knowing what carbohydrate you 

eat can help you control your blood sugar levels. 

 

Glycaemic Index (GI)  

The Glycaemic Index tells us how quickly foods and drinks containing 
carbohydrate make your blood sugar levels rise: 

 

HIGH GI foods/drinks are digested quickly and so your blood sugar levels rise 
quickly. 

How does what I eat & drink affect my blood sugars? 
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Low GI foods/drinks are digested more slowly and so your blood sugar levels rise 
more slowly.  

 
 

How much your blood sugar levels rise and how long they stay high depends on 
the AMOUNT and TYPE of carbohydrate that you eat or drink. 
 

This is called the GLYCAEMIC LOAD. You need to think about the TYPE AND 
AMOUNT of carbohydrate you eat. 

 

How can I change a foods Glycaemic Index? 
Lots of things can change the GI of a food. For example, how ripe something 
is, how it is made, how it is cooked and what else is in it: 

 

Processed foods: Processed or refined carbohydrates have most of their natural 
fibre removed. The carbohydrate can then be digested quickly, increasing GI. 
 

Fibre: Wholegrains and high-fibre foods mean the carbohydrate is digested 
more slowly, decreasing GI. 
 

Fat & Protein: Fat and protein do not make blood sugars rise. When they are 
eaten with carbohydrate, they slow the stomach emptying and so the 
carbohydrate is digested more slowly, decreasing GI. 
 

Milk and dairy products have a low GI because they are high in protein and 
fat. Chocolate has a medium GI because it has fat in it. 
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Acid: Acid slows stomach emptying. The more acid a carbohydrate food has, the 
more slowly it is digested, decreasing GI. 
 

Adding vinegar, lemon juice or pickles lowers the GI of a meal. 

 

What foods should I eat? 

Food group Lower GI choices 
Higher GI 
choices 

Breads, cereals, 
rice & pasta 

 

 

 

 

Breads:  

whole-/multi-grain, 
seeded, 

fruit breads,  

sourdough, rye/oat 
bread 

 

Cereals: oats, porridge, 
muesli, most oat and 
bran bran-based cereals 

 

Rice: basmati, wild rice  

 

Grains: barley, bulgur 
wheat, quinoa 

 

Pasta & noodles: soba, 
udon, vermicelli, fresh 
rice noodles. 

All pasta cooked al dente 

Breads:   
white/wholemeal, 

baguette, bagel, 
crumpet, 
muffins, burger 
bun, naan 

 

 

 

 

Cereals: most 
flaked/puffed 
cereals, instant 
oats 

 

 

Rice: 
white/brown 

 

 

Grains: 
couscous 

 

 

 

Pasta & 
noodles: instant 
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noodles, dried 
rice noodles 

Fruit 

 

 

 

 

 

Most fruit! 

apple, apricot, banana, 
grapefruit, kiwi fruit, 
mango, nectarine, 
orange, peach, pear, 
plum, strawberries 

Fruit juice 

Watermelon, 
cantaloupe 
melon 
pineapple, 
banana (over 
ripe) 

Vegetables  

 

 

Most veg! 

beans, butternut squash, 
spinach, broccoli, lentils, 
sweetcorn, peas,  

sweet potato, new 
potato (skin-on) 

Boiled white 
potato (no skin), 
mashed white 
potato, 
parsnips, French 
fries 

Dairy  

 

milk, yoghurt, custard, 
dairy desserts/puddings, 
cheese 

- 

Snacks/sweets 

 

 

 

 

nuts, trail mix,  

hummus, peanut butter, 
chocolate, flapjacks,  

oat biscuits,  

wholegrain-/seeded-
/rye-crackers,  

popcorn (plain/salt),  

water, diet/sugar-free 
drinks, fruit smoothies 

rice crackers, 
rice cakes, 
crispbread, 
pretzels, sweets, 
shortbread 
biscuits, cakes, 
pastries, 
muffins, jam, 
syrup, honey, 
energy drinks, 
pop 
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By wearing the CGM and recording what you usually eat and  

drink we have been able to take a closer look at your blood  

glucose levels: 

 

 

My blood sugar levels: 

  

 
 

 

 

 

 

 

 

Below range xx% 

Within range xx% 

Above range xx% 

 

 
 

 

 

 

 

It is IMPORTANT for people with CF to have a 

HIGH ENERGY diet to stay a healthy weight 

Keeping your blood sugars as near to normal as possible 
will help you to stay at a healthy weight 
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          Top Tips! 

• Spread your carbohydrates out during the day 
• Mix high GI foods with lower GI choices  
• Don’t forget your enzymes! Make sure you always have a 

supply on you – you never know when hunger might 
strike! 

 

 

 

 

 

 

  

Week 1 check-in  Phone-call/email  ………/………/………@……… 

Research 
Contact 3  

 

………/…………/………@..................….. 

 



 270 

         

 

GLIDE  
  (16-35 years) 

GLycaemic Index Dietary Education 
for blood sugar abnormalities in cystic fibrosis 

 

         Participant: ………………………………………………… 
 

 

 

 

 

 

 

Maintaining a healthy body weight is one of the most important steps you can take 
to ensure good health when you have cystic fibrosis. This is important for good lung 
function and helps your body fight off infection. 

   Contacts 

CF Nurse 
 

 
  

CF Dietitian 
 

 
  

Research Dietitian 
Laura 
Birch  

Laura.birch@bristol.ac.uk 
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A high-calorie, high-protein, high-fat diet will help to achieve and maintain a healthy 
bodyweight. Keeping your blood sugars at a near normal level will also help to 
maintain or improve your weight. 

 

What affects blood sugar levels? 

Carbohydrates are a vital source of energy found in all plants and are the body’s 
preferred source of energy. When eaten, the body breaks down carbohydrates from 
the foods we eat into a type of sugar called glucose. Glucose is the main source of 
fuel for our cells; they use it to produce energy. Glucose travels through our 
bloodstream to reach the cells. 

 

There are two main types of carbohydrate: 

Starchy carbohydrates 

Bread, rice, pasta, potatoes, noodles, cereals, 
chapatti, naan, legumes, crackers, crisps  

   

Sugary carbohydrates 

Sugar, sweets, soft drinks, squashes, 
puddings, cakes, biscuits, honey, jam, fruit, 
fruit juices 

    

 

What is Glycaemic Index (GI)?  
(Say: gly-see-mik in-deks) 

After we eat, the glucose from the digested food gets into the bloodstream. Our 
blood glucose levels rise and fall when we eat foods containing carbohydrates. 
How high they rise, and how fast, depends on the depends on the type of 
carbohydrate and the food that contains it. Different carbohydrates are digested 
and absorbed at different rates and therefore affect blood glucose levels 
differently. 

https://kidshealth.org/en/kids/carb.html
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The glycaemic index (GI) tells us whether a food raises blood glucose levels quickly, 
moderately or slowly. It’s useful to understand GI, because eating foods with lower 
GI ratings may help to control blood glucose. 

Foods with a high GI contain rapidly digested carbohydrate, which produce large, 
rapid rises and falls in blood glucose. In contrast, foods with a low GI score contain 
slowly digested carbohydrate, which produce gradual, relatively low rises in blood 
glucose levels. 

 

 
What affects GI? 
Several factors can influence how fast a carbohydrate food raises blood glucose 
levels:  

How refined the carbohydrate is: One of the most important factors that determines 
the GI of carbohydrate foods is how refined or processed the carbohydrates are. 
Refined or processed carbohydrates have had most of their natural fibre removed. 
The carbohydrate is then not able to resist the body’s digestive enzymes and is rapidly 
broken down into glucose.  
 

Fibre: Wholegrains and high-fibre foods slow down the digestion of 
carbohydrate. This is not the same as ‘wholemeal’, where even though the 
whole grain is included, it has been ground up instead of left whole. Some mixed 
grain breads that include wholegrains have a lower GI than wholemeal or white 
bread. Other foods that contain fibre include pulses and legumes such as peas, 
beans, lentils, and sweetcorn. 

Fa & protein: Fat and protein eaten on their own have little effect on blood 
glucose levels. When combined with carbohydrate, both protein and fat delay 
stomach emptying, thereby slowing the rate at which carbohydrate can be digested 
and absorbed, lowering GI. Milk and other dairy products have a low GI because 
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they are high in protein and contain fat. Chocolate has a medium GI because of 
its fat content, crisps have a lower GI than potatoes cooked without fat. 

 
Acid: Acid slows the emptying of the stomach and the more acid a carbohydrate food 
contains, the more slowly it is broken down into glucose and absorbed into the 
bloodstream. Adding vinegar, lemon juice or pickles, will help to lower the GI of a meal 
and sourdough bread also has a lower GI.  
 

What are lower GI food choices? 

Food group Lower GI choices Higher GI choices 

Breads, 
cereals, rice 
& pasta 

 

 

 

 

Breads:  

whole-/multi-grain, 
seeded, 

fruit breads,  

sourdough, rye/oat bread 

 

 

Cereals: oats, porridge, 
muesli, most oat and 
bran bran-based cereals 

 

Rice: basmati, wild rice  

Grains: barley, bulgur 
wheat, quinoa 

Pasta & noodles: soba, 
udon, vermicelli, fresh 
rice noodles. 

All pasta cooked al dente 

Breads:   
white/wholemeal, 

baguette, bagel, 
crumpet, muffins, 
burger bun, naan 

 

Cereals: most 
flaked/puffed 
cereals, instant 
oats 

 

 

Rice: 
white/brown 

 

Grains: couscous 

 

 

Pasta & noodles: 
instant noodles, 
dried rice noodles 

Fruit 

 

 

Most fruit! 

apple, apricot, banana, 
grapefruit, kiwi fruit, 
mango, nectarine, 
orange, peach, pear, 
plum, strawberries 

Fruit juice 

Watermelon, 
cantaloupe melon 
pineapple, 
banana (overripe) 
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Vegetables & 
legumes 

 

Most veg! 

beans, butternut squash, 
spinach, broccoli, lentils, 
sweetcorn, peas,  

sweet potato, new potato 
(skin-on) 

Boiled white 
potato (no skin), 
mashed white 
potato, parsnips, 
French fries 

Dairy  

 

milk, yoghurt, custard, 
dairy desserts/puddings, 
cheese 

- 

Snack 
foods/sweets 

 

 

nuts, trail mix, hummus, 
peanut butter, chocolate, 
flapjacks, oat biscuits, 
wholegrain-/seeded-/rye-
crackers, popcorn, water, 
diet/sugar-free drinks, 
fruit smoothie 

rice crackers, rice 
cakes, crispbread, 
pretzels, sweets, 
shortbread 
biscuits, cakes, 
pastries, muffins, 
jam, syrup, 
honey, energy 
drinks, pop 

 

What is Glycaemic Load (GL)? 
GI does not consider the amount of carbohydrate in a food. How high your blood glucose 
levels rise and how long they stay high depends on the TYPE and AMOUNT of 
carbohydrate consumed. This is known as the GLYCAEMIC LOAD.  

You need to consider the type AND amount of carbohydrate you eat to help control 
your blood glucose levels.  

By wearing the CGM sensor and recording what you usually eat and drink we have 
been able to take a closer look at the effect of your diet on your blood glucose levels: 
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  My blood glucose levels: 

 

Below range xx% 

Within range xx% 

Above range xx% 

  

 

 

 



 276 

Top Tips! 
•    Spread carbohydrates throughout the day 
• Combine high GI foods with lower GI options to reduce the overall GI 

of a meal or snack 
• Replace empty calorie-carbohydrates with nutrient-dense carbohydrates 
• Sugar-containing drinks should only be taken with meals/snacks and 

avoided in between meals 
• Don’t forget your enzymes! Make sure you always have a supply on you – 

you never know when hunger might strike! 

 

 

 

 

 

 

Week 1 check-in  Phone-call/email  ………/………/………@……… 

Research 
Contact 3  

 

………/…………/………@..................….. 



Appendix 4.1: CONSORT 2010 checklist - reporting a feasibility study 

Section/ 
Topic 

Item 
No Checklist item 

Reported 
on page 

No 
Title and abstract 
 1a Identification as a pilot or feasibility randomised trial in the title 94 

1b Structured summary of pilot trial design, methods, results, and conclusions (for specific guidance see 
CONSORT abstract extension for pilot trials) 

 

Introduction 
Background 
and objectives 

2a Scientific background and explanation of rationale for future definitive trial, and reasons for randomised 
pilot trial 

95-97 

2b Specific objectives or research questions for pilot trial 97 

Methods 
Trial design 3a Description of pilot trial design (such as parallel, factorial) including allocation ratio 99 

3b Important changes to methods after pilot trial commencement (such as eligibility criteria), with reasons 109 
Participants 4a Eligibility criteria for participants 108 

4b Settings and locations where the data were collected 99 
 4c How participants were identified and consented 109-111 
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when 

they were actually administered 
111-113 

Outcomes 6a Completely defined prespecified assessments or measurements to address each pilot trial objective 
specified in 2b, including how and when they were assessed 

113-114 

6b Any changes to pilot trial assessments or measurements after the pilot trial commenced, with reasons 101 
 6c If applicable, prespecified criteria used to judge whether, or how, to proceed with future definitive trial N/A 
Sample size 7a Rationale for numbers in the pilot trial 111 

7b When applicable, explanation of any interim analyses and stopping guidelines NA 
Randomisation:    
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Sequence  
Generation 

8a Method used to generate the random allocation sequence N/A 
8b Type of randomisation(s); details of any restriction (such as blocking and block size) N/A 

Allocation 
concealment 
mechanism 

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered 
containers), describing any steps taken to conceal the sequence until interventions were assigned 

N/A 

Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned 
participants to interventions 

N/A 

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, 
those assessing outcomes) and how 

N/A 

11b If relevant, description of the similarity of interventions N/A 
Statistical 
methods 

12 Methods used to address each pilot trial objective whether qualitative or quantitative 114-115, 
146-148 

Results 
Participant flow 
(a diagram is 
strongly 
recommended) 

13a For each group, the numbers of participants who were approached and/or assessed for eligibility, 
randomly assigned, received intended treatment, and were assessed for each objective 

117,121 

13b For each group, losses and exclusions after randomisation, together with reasons 118,120-
121 

Recruitment 14a Dates defining the periods of recruitment and follow-up 117 
14b Why the pilot trial ended or was stopped NA 

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 119,152 
Numbers 
analysed 

16 For each objective, number of participants (denominator) included in each analysis. If relevant, these 
numbers 
should be by randomised group 

121,151,16
3-164 

Outcomes and 
estimation 

17 For each objective, results including expressions of uncertainty (such as 95% confidence interval) for 
any 
estimates. If relevant, these results should be by randomised group 

125,129 

Ancillary 
analyses 

18 Results of any other analyses performed that could be used to inform the future definitive trial 152-163, 
164-179 

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for 
harms) 

NA 
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 19a If relevant, other important unintended consequences NA 

Discussion 
Limitations 20 Pilot trial limitations, addressing sources of potential bias and remaining uncertainty about feasibility 190-191 
Generalisability 21 Generalisability (applicability) of pilot trial methods and findings to future definitive trial and other 

studies 
192 

Interpretation 22 Interpretation consistent with pilot trial objectives and findings, balancing potential benefits and harms, 
and 
considering other relevant evidence 

131-138, 
188 

 22a Implications for progression from pilot to future definitive trial, including any proposed amendments 191-
193,195 

Other information  

Registration 23 Registration number for pilot trial and name of trial registry 98 
Protocol 24 Where the pilot trial protocol can be accessed, if available NA 
Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 88-89 
 26 Ethical approval or approval by research review committee, confirmed with reference number 98 

 

 

 

 

 

 

 

  



Appendix 4.2: Feasibility study NHS HRA approval 
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Appendix 4.3: Clinical Trials Accelerator Platform (CTAP) badging  
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Appendix 4.4: Feasibility study NHS HRA substantial amendment 
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Appendix 4.5: UHBW HbA1c measurement standard operating 
procedures 
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Appendix 4.6: Continuous glucose monitoring diary 
GLIDE study: Glycaemic Index Dietary Education for glucose abnormalities in CF 

Continuous Glucose Monitoring (CGM) food diary 

 

Participant ID:   

 

Date………/………………/………………. 

Thank you for taking part in the GLIDE study!  

We need you to record ALL your food and drink intake so that we can assess whether the level 
of sugar in your blood is raised with certain foods, meals or drinks (including alcohol and 

supplements).  

We also need you to monitor and record your blood glucose (sugar) levels for 5 days, whilst you 
are wearing the continuous glucose monitor (CGM): 

1. Please CLEAN YOUR HANDS before monitoring your blood sugar level 

2. Please record the value and time you measured your blood sugar level at least 4 times each 
day in this diary. THIS IS IMPORTANT AS WITHOUT THIS INFORMATION WE CANNOT 

DOWNLOAD THE DATA FROM YOUR CGM  

3. Please record ALL your meals, snacks, drinks, supplements and overnight feeds and the TIMES 
of these in this diary  

4. Please record any exercise you do, the time you exercised and how long for  

6. If you usually take insulin/diabetes tablets please record the name, amount taken and time 
you take it  

Day 1: ___/___ Food/drink/supplement/overnight feed Blood sugar 

Date & Time CGM sensor inserted  

Time & blood sugar reading 1 HOUR 
after CGM inserted 

 

Time & blood sugar reading 3 HOURS 
after CGM inserted 
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Breakfast 

Time eaten: 

 Reading: 

 

Time: 

Mid-morning 

Time eaten: 

 

 

 

Reading: 

 

Time: 

Lunch 

Time eaten: 

 

 

Reading: 

 

Time: 

Mid-afternoon 

Time eaten: 

 

 

Reading: 

 

Time 

Dinner 

Time eaten: 

 

 

Reading: 

 

Time: 

Supper 

Time eaten: 

 

 

 

Reading: 

 

Time: 

Additional information: e.g., insulin/diabetes meds, exercise, hypos/hypo treatment, 
supplements, feeds 
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Appendix 4.7: CFR-Q health related quality of life tool 
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Appendix 4.8: Feasibility study participant information sheets  

 
GLIDE - GLycaemic Index Dietary Education 

for blood sugar abnormalities in cystic fibrosis: a feasibility study. 

 

You are being invited to take part in a research project.  

 

Why is this research being done? 

Young people with cystic fibrosis (CF) are encouraged to eat a high calorie diet to stay a 
healthy weight. This means eating food and drinks that are often high in fat and/or 
sugar. For people with CF who also need to control their blood sugar, high sugar intakes 
can make this difficult. 

The GLYCAEMIC INDEX and GLYCAEMIC LOAD show how different amounts of 
foods/drinks affect your blood sugar levels. Making changes to lower the Glycaemic 
Index and Glycaemic Load of the foods and drinks that people eat may help to improve 
blood sugar control in CF. 

This study is designed to find out what people think about making changes to lower the 
Glycaemic Index and Glycaemic Load of what they eat and to see what effect making 
these changes have on their blood sugar control. 

Why am I being invited to take part?  

We are inviting people who, like you, have CF, are 11-35 years old and have abnormal 
blood sugar control.   

Do I have to take part?  

• No, only if you feel you want to. 
• You do not need to decide straight away. Decide with your family if you would 

like to take part. If you have any questions, please ask your CF team. 
• If you start the research project you can stop whenever you want without having 

to say why, please just let a member of your CF team know.  
 

 

Participant Information Leaflet  

 Young People: 11 – 15 years 

 

IRAS ID: 243817 
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What will I have to do if I take part?   

You will come for FOUR research visits over four months:  
 

Research 
visit 

What happens? How long & where? 

 
 

1 
(Week 0) 

Attach Continuous Glucose Monitoring (CGM) sensor to 
measure blood sugar control* 
Measure what you eat and drink** 
Blood test (HbA1c) - long-term blood sugar control  
Measure your weight, height and lung function (FEV1, 
FVC) 
CF-Quality of Life questionnaire 

 
1-1.5 hours 

Your CF centre 

 
2 

(Week 2) 

Remove CGM sensor* 
Decide on some changes to what you usually eat and drink.  
The research dietitian will help you to do this.  
You will make these changes for 12 weeks. 

1 hour 
CF centre or at 

home 

 
3 

(Week 
14) 

Attach CGM sensor to measure blood sugar control* 
Measure what you eat and drink** 
Blood test (HbA1c)  
Measure your weight, height and lung function (FEV1, 
FVC) 

 
45 mins 

CF centre 

 
4 

(Week 
16) 

Remove CGM sensor* 
CF-Quality of Life questionnaire 
Interview with research dietitian***  

1 hour 
CF centre or at 

home 

 

 

 

 

 

 

 

   

 

 

 

 

 

***What will the interview be about? 

**How will what I eat and drink be measured? 

You will need to write down everything you eat and drink each day using an 
online food diary called INTAKE24. We will show you how use it. You fill in the 
diary once a day for the 5 days you are wearing the CGM sensor. It takes about 
20 minutes.  

A CGM sensor like the one in this picture is attached to your stomach and 
measures your sugar levels just below your skin. Your CF nurse or the research 
dietitian will attach it for you. You can remove it yourself or we can do it for you. 
You will need to do 3 finger prick blood tests each day to make sure the sensor 
works correctly. We will show you how to do this. 

 

You and your parent(s) will chat with the research dietitian about what you 
thought of making the changes to your diet and what you thought about the 
study. We will record the interview if you say that is ok. If you feel uncomfortable 
at any point you can take a break or stop the interview at any time. 

* How will my blood sugars be measured? 
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Will anything about the research upset me?  

• You may feel a quick scratch when the CGM sensor is attached, but it doesn’t hurt.  
• You might find the blood tests and finger pricks a little uncomfortable, but they 

are very quick. 
• You might find it hard to make the changes to what you eat and drink. The research 

dietitian will help you decide on changes you feel you can make. 
 

Who has looked at this research? 

All research in the NHS is looked at by a group of people, called a Research Ethics 
Committee, to protect your safety and wellbeing. This research has been approved by 
Southwest – Central Bristol Research Ethics Committee. 

 

Who is organising and funding this research? 

This research is being conducted as part of a PhD funded by the National Institute for 
Health Research (NIHR). The University of Bristol is the sponsor for this study based in 
the United Kingdom. We will be using information from you and your medical records 
in order to undertake this study and will act as the data controller for this study. This 
means that we are responsible for looking after your information and using it properly.  

Your rights to access, change or move your information are limited, as we need to 
manage your information in specific ways in order for the research to be reliable and 
accurate. If you withdraw from the study, we will keep the information about you that 
we have already obtained. To safeguard your rights, we will use the minimum personally 
identifiable information possible. 

You can find out more about how we use your information by contacting the University 
of Bristol Research Governance team at research-governance@bristol.ac.uk. 

Your NHS site will collect information from you and your medical records for this 
research study in accordance with our instructions. 

Your NHS site will keep your name, NHS number and contact details confidential and 
will not pass this information to the University of Bristol. Your NHS site will use this 
information as needed, to contact you about the research study, and make sure that 
relevant information about the study is recorded for your care, and to oversee the 
quality of the study. Certain individuals from the University of Bristol and regulatory 
organisations may look at your medical and research records to check the accuracy of 
the research study. The University of Bristol will only receive information without any 
identifying information. The people who analyse the information will not be able to 
identify you and will not be able to find out your name or contact details. 
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The NIHR Biomedical Research Centre on behalf of your NHS site will keep identifiable 
information about you from this study for 10 years after the study has finished. 

 

What happens next?  

If you want to take part, and your family say it’s OK, one of our research team will 
contact your parents to make arrangements. If you have any questions, please contact 
Laura Birch (Research Dietitian):   Laura.Birch@bristol.ac.uk   0117 3421763 

 

Thank you for reading this information! 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:Laura.Birch@bristol.ac.uk
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GLIDE - GLycaemic Index Dietary Education 

for blood sugar abnormalities in cystic fibrosis: a feasibility study. 

You are being invited to take part in a research project. Before you decide whether to take part 
or not, you need to understand why the research is being done and what it would involve for you. 
Taking part in research is voluntary, it is up to you to decide. Your care will not be affected if you 
decide not to participate. If you do take part, you are free to withdraw from the study at any time 
and you do not have to give any reason. 

Please take time to read the following information carefully. A member of the research team will 
go through this information leaflet with you to answer any questions you may have. If anything 
is not clear or you would like more information, please do not hesitate to ask a member of your 
CF team. Talk to friends, relatives about this research if you wish and take time to decide.  

What is the purpose of the study? 

Young people with cystic fibrosis (CF) are encouraged to eat a high calorie diet to maintain weight. 
This typically means eating food and drinks that are often high in fat and/or sugar. For people with 
CF who also need to control their blood sugar, high sugar intakes can make this difficult. 

Making dietary changes to lower the GLYCAEMIC INDEX and GLYCAEMIC LOAD of foods and 
drinks consumed may help to regulate blood sugar control. The Glycaemic Index and Glycaemic 
Load are rating systems for foods and drinks that contain carbohydrate. They show how different 
amounts of foods/drinks affect blood sugar levels. 

This study is designed to find out what people think about making dietary changes to lower the 
Glycaemic Index and Glycaemic Load of what they eat and to see what effect making these 
changes have on their blood sugar control.  

Why have I been invited to part in this research? 

We are inviting young people with CF aged between 11-35 years who attend either the Bristol or 
Exeter Paediatric CF services or Bristol or Birmingham Adult CF services and who have blood sugar 
abnormalities. 

What will I be required to do? 

This research involves four research visits over a four-month period, and these are explained on 
the next page. If you are interested in taking part, Laura Birch, the research dietitian leading this 
study, or your usual CF dietitian who is involved in this study will contact you within three-five 
days to discuss participation in more detail and to answer any questions you may have. Please let 

Participant Information Leaflet  

 Young People: 16 – 35 years 

 

IRAS ID: 243817 
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a member of your CF team know if you would prefer to be contacted by telephone or email. 
Laura’s contact details are at the end of this information leaflet. 

Research 
visit 

What happens? How long and 
where? 

 
 

1 
(Week 0) 

Attach Continuous Glucose Monitoring (CGM) sensor to measure 
blood sugar control*  
Measure what you eat and drink – online food record** 
Blood test (HbA1c) – long-term measure of blood sugar control 
Measure your weight, height and lung function (FEV1, FVC) 
CF-Quality of Life questionnaire 

 
 

1-1.5 hours 
CF centre 

 
2 

(Week 2) 

Remove CGM sensor* 
Learn about Glycaemic Index/Glycaemic Load 
Decide on dietary changes that you will make for 12 weeks 
The research dietitian will support and advise you. 

1 hour 
CF centre 

or at home 

 
3 

(Week 
14) 

Attach CGM sensor to measure blood sugar control* 
Measure what you eat and drink – online food record** 
Blood test (HbA1c)  
Measure your weight, height and lung function (FEV1, FVC) 

 
45 mins 

CF centre 

 
 

4 
(Week 

16) 

Remove CGM sensor* 
CF-quality of Life questionnaire 
Interview with research dietitian to find out what you thought 
about:  
a) making changes to your diet  
b) the research project  
With your permission this interview will be audio recorded. 

 
1 hour 

CF centre 
or at home 

 

* To measure blood sugar control, a small device called a Continuous Glucose Monitoring (CGM) 
sensor will be attached to your stomach by your CF nurse or research dietitian as in the picture 
below: 

This is a simple process, and you may just feel a quick scratch as it is attached. 
The CGM sensor stays in place on your stomach for 5 days and automatically 
records your sugar levels just below the skin over this whole time. You will need 
to do three finger blood tests on each of the 5 days to calibrate the CGM sensor. 

We will show you how to do this and will give you a glucose meter to do this at home. Removing 
the CGM sensor is quick and painless; you can do it yourself or a member of the research team 
can do this for you if you prefer.  

**You will be asked to record everything that you eat and drink for the 5 days that you are 
wearing the CGM sensor. You will use an online diet record to do this. You will need to log onto 
the online diet record once per day and it takes around 20 minutes on average to complete. We 
will show you how to use the online diet record.   

Expenses 

Any travel expenses and parking costs that you may incur because of participating in this 
research will be reimbursed. Please keep all receipts.   
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What happens if I don’t want to carry on with the research? 

You are free to withdraw from this research at any time. You do not have to give a reason 
and your CF care will continue in the usual way.  

What are the possible disadvantages and risks of taking part? 

You may not like the dietary changes or find that for some reason you are not able to make 
them for 12 weeks. However, you will be working closely with the research dietitian to decide 
on dietary changes that you find acceptable. You will have a chance to discuss how you found 
making the changes at the end of the study.  

You may find that the dietary changes affect your weight. The research dietitian will help you 
to plan appropriate changes to minimise the risk of weight reduction and you will be monitored 
during the study. If there are any clinical concerns in relation to your weight, you will be advised 
to discontinue the dietary changes.  

What are the possible benefits of taking part? 

You may find that the dietary changes are helpful in controlling your blood sugar levels without 
any side-effects. The results may help researchers to find ways to improve blood sugar control 
in CF in the future. 

What will happen to the results of this research? 

The results from this research may be reported in medical journals and presented at scientific 
meetings, but your identity will not be known. You can receive a summary of the results by 
post after the study has finished if you would like to.  

What if there is a problem? 

If you have any concerns or questions about any aspect of this research, please contact the 
research dietitian – contact details below. If you have concerns about the way you have been 
approached or treated during the research, you may wish to contact the Patient Advice and 
Liaison Service (PALS): 

Patient Support & Complaints Team, Trust Headquarters, University Hospitals Bristol, 
Marlborough Street, Bristol, BS1 3NU. Tel: 0117 342 360 

 
 

Who is organising and funding this research? 

This research is being conducted as part of a PhD funded by the National Institute for Health 
Research (NIHR). The University of Bristol is the sponsor for this study based in the United 
Kingdom. We will be using information from you and/or your medical records in order to 
undertake this study and will act as the data controller for this study. This means that we are 
responsible for looking after your information and using it properly.  

Your rights to access, change or move your information are limited, as we need to manage 
your information in specific ways in order for the research to be reliable and accurate. If you 

http://www.uhbristol.nhs.uk/patients-and-visitors/support-for-patients/patient-support-and-complaints/ 

http://www.uhbristol.nhs.uk/patients-and-visitors/support-for-patients/patient-support-and-complaints/
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withdraw from the study, we will keep the information about you that we have already 
obtained. To safeguard your rights, we will use the minimum personally identifiable 
information possible. 

You can find out more about how we use your information by contacting the University of 
Bristol Research Governance team at research-governance@bristol.ac.uk. 

Your NHS site will collect information from you and your medical records for this research 
study in accordance with our instructions. 

Your NHS site will keep your name, NHS number and contact details confidential and will not 
pass this information to the University of Bristol. Your NHS site will use this information as 
needed, to contact you about the research study, and make sure that relevant information 
about the study is recorded for your care, and to oversee the quality of the study. Certain 
individuals from the University of Bristol and regulatory organisations may look at your medical 
and research records to check the accuracy of the research study. The University of Bristol will 
only receive information without any identifying information. The people who analyse the 
information will not be able to identify you and will not be able to find out your name or 
contact details. 

The NIHR Biomedical Research Centre on behalf of your NHS site will keep identifiable 
information about you from this study for 10 years after the study has finished. 

Who has reviewed this research? 

All research in the NHS is looked at by an independent group of people, called a Research Ethics 
Committee, to protect your safety, rights, wellbeing, and dignity. This research has been reviewed 
and given a favourable opinion by Southwest – Central Bristol Research Ethics Committee. 

Who do I contact for further information? 

Laura Birch, Research Dietitian.  T: 0117 3421763   E: Laura.birch@bristol.ac.uk  

* Thank you for taking the time to read this information * 

 

 

 

 

 

 

 

 

 

 

file://ads.bris.ac.uk/filestore/myfiles/staff/lb12070/Documents/PhD/Year%201%202017-18/GLIDE/Master%20Site%20file/Section%204%20Study%20Documents/PIL/research-governance@bristol.ac.uk%20
mailto:Laura.birch@bristol.ac.uk
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GLIDE - GLycaemic Index Dietary Education 

for blood sugar abnormalities in cystic fibrosis: a feasibility study. 

Your child is being invited to take part in a research project. Before you and your child decide 
whether to take part or not, you need to understand why the research is being done and what 
it would involve for you both. Taking part in research is voluntary, it is up to you and your child 
to decide. Your child’s care will not be affected if you decide not to participate. If you decide 
to take part, you are free to withdraw from the study at any time and you do not have to give 
any reason. 

Please take time to read the following information carefully. A member of the research team 
will go through this information leaflet with you and your child to answer any questions you 
may have. If anything is not clear or you would like more information, please do not hesitate 
to ask a member of your CF team. Talk to friends, relatives about this research if you wish and 
take time to decide.  

What is the purpose of the study? 

Young people with cystic fibrosis (CF) are encouraged to eat a high calorie diet to maintain 
weight. This typically means eating food and drinks that are often high in fat and/or sugar. For 
people with CF who also need to control their blood sugar, high sugar intakes can make this 
difficult. 

Making dietary changes to lower the GLYCAEMIC INDEX and GLYCAEMIC LOAD of foods and 
drinks consumed may help to improve blood sugar control. The Glycaemic Index and Glycaemic 
Load are rating systems for foods and drinks that contain carbohydrate. They show how 
quickly different foods and drinks affect blood sugar levels. 

This study is designed to find out what people think about making dietary changes to lower 
the Glycaemic Index and Glycaemic Load of what they eat and to see what effect making these 
changes have on blood sugar levels.  

Why has my child been invited to part in this research? 

We are inviting young people with CF aged between 11-35 years who attend either the Bristol 
or Exeter Paediatric CF services or Bristol or Birmingham Adult CF services 

What will my child be required to do? 

This research involves four research visits over a four-month period, and these are explained 
on the next page. If you are interested in taking part, Laura Birch, the research dietitian leading 

Participant Information Leaflet  

 Parent of child ≤ 16 years 

 
IRAS ID: 243817 
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this study, or your child’s usual CF dietitian who is involved in this study, will contact you within 
three-five days to discuss participation in more detail and to answer any questions you may 
have. Please let a member of your CF team know if you would prefer to be contacted by 
telephone or email. Laura’s contact details are at the end of this information leaflet. 

Research 
visit 

What happens? How long & 
where? 

 

1 

(Week 0) 

Attach Continuous Glucose Monitoring (CGM) sensor 
to measure blood sugar control*  

Measure food and drink intake – online food record** 

Blood test (HbA1c) - measure of long-term blood sugar 
control  

Measure weight, height and lung function (FEV1, FVC) 

CF-Quality of Life questionnaire 

 

1-1.5 hour 

CF centre 

2 

(Week 2) 

Remove CGM sensor* 

Learn about Glycaemic Index/Glycaemic Load  

Decide on dietary changes that your child will make for 
12 weeks  

The research dietitian will provide support and advice 

1 hour 

CF centre/ 

home visit 

 

3 

(Week 
14) 

Attach CGM sensor to measure blood sugar control*  

Measure food and drink intake – online food record** 

Blood test (HbA1c) 

Measure weight, height and lung function scores (FEV1, 
FVC) 

 

45 mins 

CF centre 

 

 

4 

(Week 
16) 

Remove CGM sensor* 

CF-Quality of Life questionnaire 

Interview with research dietitian to find out what you 
and your child thought about:  

a) making changes to their diet  

b) the research project.  

With your permission this interview will be audio 
recorded. 

 

1 hour 

CF centre/ 

home visit 

 



 302 

*To measure blood sugar control, we use a small device called a Continuous Glucose 
Monitoring (CGM) sensor which will be attached to your child’s stomach by their CF nurse or 
research dietitian, as in the picture below: 

This is a simple process, and your child may just feel a quick scratch as it is 
attached. The CGM sensor stays in place on the stomach for 5 days and 
automatically records the sugar levels in the body over this whole time. Your 
child will need to do three finger prick blood tests on each of the 5 days to 

calibrate the CGM sensor. We will show you both how to do this and will give you a glucose 
meter to do this at home. Removing the CGM sensor is quick and painless; you or your child 
can do it, or a member of the research team can do this for you. 

**Your child will be asked to record everything that they eat and drink for the 5 days that they 
are wearing the CGM sensor. They will use an online diet record to do this. They will need to 
log onto the online diet record once per day and it takes around 20 minutes on average to 
complete one day’s intake. We will show you both how to use the online diet record.   

Expenses 

Any travel expenses and parking costs that you may incur because of participating in this 
research will be reimbursed. Please keep all receipts.  

What happens if we don’t want to carry on with the research? 

You are free to withdraw from this research at any time. You do not have to give a reason 
and your CF care will continue in the usual way.  

What are the possible disadvantages and risks of taking part? 

Your child may not like the dietary changes or find that for some reason they are not able to 
make them for 12 weeks. However, they will be working closely with the research dietitian to 
decide on dietary changes that they find acceptable. You will both have a chance to discuss 
how you found making the changes at the end of the study.  

It is possible that the dietary changes may affect your child’s weight. The research dietitian will 
help to plan appropriate changes to minimise the risk of weight reduction and your child’s 
weight will be monitored during the study. If there are any clinical concerns in relation to your 
child’s weight, you will be advised to discontinue the dietary changes.  

What are the possible benefits of taking part? 

The dietary changes may be helpful in controlling your child’s blood sugar levels without any 
side-effects. The results may help researchers to find ways to improve blood sugar control in 
CF in the future. 

What will happen to the results of this research? 

The results from this research may be reported in medical journals and presented at scientific 
meetings, but your child’s identity will not be known. You can receive a summary of the results 
by post after the study has finished if you would like to.  



 303 

What if there is a problem? 

If you have any concerns or questions about any aspect of this research, please contact the 
research dietitian – contact details below. If you have concerns about the way you have been 
approached or treated during the research, you may wish to contact the Patient Advice and 
Liaison Service (PALS): 

Patient Support & Complaints Team, Trust Headquarters, University Hospitals Bristol, 
Marlborough Street, Bristol, BS1 3NU. Tel: 0117 342 360 

 

Who is organising and funding this research? 

This research is being conducted as part of a PhD funded by the National Institute for Health 
Research (NIHR). The University of Bristol is the sponsor for this study based in the United 
Kingdom. We will be using information from your child and their medical records in order to 
undertake this study and will act as the data controller for this study. This means that we are 
responsible for looking after your child’s information and using it properly.  

Your rights to access, change or move your information on behalf of your child are limited, as 
we need to manage your child’s information in specific ways in order for the research to be 
reliable and accurate. If you withdraw your child from the study, we will keep the information 
about your child that we have already obtained. To safeguard your child’s rights, we will use 
the minimum personally identifiable information possible. 

You can find out more about how we use your child’s information by contacting the University 
of Bristol Research Governance team at research-governance@bristol.ac.uk. 

Your child’s NHS site will collect information from your child and their medical records for this 
research study in accordance with our instructions. 

Your child’s NHS site will keep your child’s name, NHS number and contact details confidential 
and will not pass this information to the University of Bristol. Your child’s NHS site will use this 
information as needed, to contact you about the research study, and make sure that relevant 
information about the study is recorded for your child’s care, and to oversee the quality of the 
study. Certain individuals from the University of Bristol and regulatory organisations may look 
at your child’s medical and research records to check the accuracy of the research study. The 
University of Bristol will only receive information without any identifying information. The 
people who analyse the information will not be able to identify your child and will not be able 
to find out your child’s name or contact details. 

The NIHR Biomedical Research Centre on behalf of your NHS site will keep identifiable 
information about your child from this study for 10 years after the study has finished. 

Who has looked at this research? 

All research in the NHS is looked at by an independent group of people, called a Research Ethics 
Committee, to protect your safety, rights, wellbeing, and dignity. This research has been 

http://www.uhbristol.nhs.uk/patients-and-visitors/support-for-patients/patient-support-and-complaints/ 

file://ads.bris.ac.uk/filestore/myfiles/staff/lb12070/Documents/PhD/Year%201%202017-18/GLIDE/Master%20Site%20file/Section%204%20Study%20Documents/PIL/research-governance@bristol.ac.uk.
http://www.uhbristol.nhs.uk/patients-and-visitors/support-for-patients/patient-support-and-complaints/
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reviewed and given a favourable opinion by Southwest – Central Bristol Research Ethics 
Committee. 

Who do I contact for further information? 

Laura Birch, Research Dietitian.  T: 0117 3421763   E: Laura.birch@bristol.ac.uk 

mailto:Laura.birch@bristol.ac.uk
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Appendix 4.9: Feasibility study consent and assent forms 

 

 

   

 

 
Wh  l t d  1 f  ti i t  1 f  h  it  fil  1 ( i i l) t  b  k t i  di l t  

    
           

Project:  GLIDE: Glycaemic Index Dietary Education for glucose 
abnormalities in cystic fibrosis - a feasibility study 

Name of Researcher: Laura Birch 

Study Number: IRAS ID 243817    Participant Identification Number:……………………. 

 

Please initial box  

1. I confirm that I have read the patient information leaflet dated 21/09/2018 (GLIDE_PIL_16-35_v1.4)  

for the above research project. I have had the opportunity to consider the information and to ask  

questions and have had these answered satisfactorily.  

 

2. I understand that my participation is voluntary and that I am free to withdraw at any time 

without giving any reason, without my medical care or legal rights being affected. 

 

3. I understand that relevant sections of my medical notes and data collected during this research  

 project may be looked at by individuals from the University of Bristol, from regulatory authorities  

 or from the NHS Trust, where it is relevant to my taking part in this research. I give permission for  

 these individuals to have access to my records.  

 

4. I agree to give two blood samples for research in the above project. I understand that giving  

 samples for this research is voluntary and that I am free to withdraw at any time without giving a  

 reason and without my medical treatment or legal rights being affected. If I decide to stop taking  

 part in the study, I can ask for my samples to be destroyed, but I understand that any experimental  

 results already obtained with them will be kept.  

 

5. I understand that the information collected about me may be used to support other research in  

the future and may be shared anonymously with other researchers. 

 

6. I agree to participate in an interview conducted as part of this research project. 

 

7. I agree to audio-recording of the interview conducted as part of this research project for    

the purposes of data analysis. 

 

8. I agree to my cystic fibrosis clinical care team being made aware of my participation in the study. 

 

CONSENT FORM 

Young people: 16-35 years 
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Project:  GLIDE: Glycaemic Index Dietary Education for glucose abnormalities in cystic fibrosis - a 
feasibility study 

Name of Researcher: Laura Birch 

Study Number: IRAS ID 243817     Participant Identification 

Number:………… 

 

 

Please 
put your 
initials in 
the box 

1. I have read the participant information sheet dated 02/08/2018 (GLIDE_PIL_11-15 v1.3) 
for  
this research project. I have had chance to think about it, ask questions and have had 
these answered in a way I understand. 
 

2. I understand that I do not have to take part in this research project and that I can stop  
at any time without giving a reason. 

 

3. I understand that my medical notes and information to do with me taking part in this  
research project might be looked at by members of the research team. I agree to these  
people looking at my records if required. 
 

4. I agree to give two blood samples in this research project. I understand that giving these 
 samples is voluntary and that I can say no at any time without giving a reason 
 

5. I agree to taking part in an interview as part of this research project and understand that 
  my interview will be sound recorded. 

 

6. I understand that the information collected about me during the research project may be 
 used to help other research but that my name and personal details will not be shared. 

 

7. I am happy for my CF team to know that I am taking part in this research project.  

 

ASSENT FORM 

(Young people: 11 – 15 years) 



 307 

Appendix 4.10: Feasibility study case record form  

GLIDE 

GLycaemic Index Dietary Education for glucose abnormalities in Cystic 
Fibrosis 

Case Record Form for Research Contact 1 

To be completed by healthcare professional 

Please read the GLIDE Case Record Form completion guidelines below before filling in this form. 
If you have any questions regarding the Case Record Form, please contact Laura Birch on 0117 
3421763 before completing this form: 

• Please ensure all questions are completed accurately in black ballpoint pen 

• Please assign a patient ID only when the patient has been deemed eligible to participate 
in the study and written consent has been provided. The format of the participant ID is 
“Hospital code -- Patient code” 

 

 

 

 

 

• Participant code: 01, 02, 03… 

• Please ensure that the participants ID and the date is clearly written at the top of each 
page.  

• If any data are unknown, please enter NK for ‘not known.’ 

• To make corrections, please cross out the error with a single line and record the correction 
next to the original entry, then date and initial the change. 

• If a question asks you to make a choice, please indicate the correct box with a tick or a 
cross. 

• Please sign and date the last page.  

• Please return a copy of this form plus a copy of the CFQ-R (see pg.4) by post/email as 
agreed at the Site Initiation Visit. Please retain the original at the site. Please post/email 
forms to: 

Hospital site Code 

Bristol Children’s Hospital 01 

Bristol Royal Infirmary 02 

Birmingham Heartlands Hospital 03 

Royal Devon & Exeter 04 
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laura.birch6@nhs.net 

 

 

GLIDE Research Contact 1   
 Visit Date: ______/______/______  
        

 dd     mm    yyyy 

 
ELIGIBILITY 
INCLUSION CRITERIA (All answers must be “Yes” for subject to qualify.) 
 Yes No 

1. 11 to 35 years of age    
2. Diagnosis of CF (defined as follows):  

• CF signs and symptoms AND 
• Either 2 CFTR mutations on genetic testing OR sweat chloride 

≥60 mEq/L 
 
 

 
 
 

3. Diagnosis of CFRD OR at risk of developing CFRD, defined as 
follows: 
HbA1c ≥6.5% 
AND/OR 
OGTT 120-min plasma venous sample ≥ 7.8mmol/l 
AND/OR 
CGM time above 7.8mmol/L ≥4.5% 

 
 

 
 

 

 
 

 
 

 
 

4. Able to comply with the study procedures, in the opinion of the 
Investigator   

EXCLUSION CRITERIA (All answers must be “No” for subject to qualify.) 
1. Unable to give informed consent AND/OR able to comply with the 

study procedures, in the opinion of the Investigator   

2. Pregnant/planning pregnancy   
CONSENT 
Patient signed the consent form        
Parent/carer signed the consent form if participant < 16 years of age        
Participant signed the assent form if < 16 years        

 

Participant ID: 

Gender Male   Female   

Age _____ yrs. 

Ethnicity  Caucasian  Asian  Black  Hispanic  other ___________ 

CF genotype  

Laura Birch 

Bristol BRC (Nutrition Theme)  

Education and Research Centre 

Upper Maudlin Street, Bristol BS2 
8AE 
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 ASSESSMENTS TO BE COMPLETED AT RESEARCH CONTACT 1  

Pancreatic Insufficient  Yes  No 

PERT regime 

 

 
 
 
 

CFRD 

If yes, when diagnosed: 

 

Yes  No  
______________________________________________________ 

______________________________________________________
_ 

Current 
medications/treatments
: 

Drug/treatment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Indication/co-
morbidity 

 
 
 
 
 
 
 
 
 

 

Dose 
 
 
 
 
 
 
 
 
 
 

Frequency 
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• CFQ-R  
• Weight, height, BMI 
• Spirometry 
• Blood sample (HbA1c) 

• Dietary recording (INTAKE24) 
• CGM insertion 
• Schedule Research Contact 2 

Unless otherwise indicated, it is assumed that all assessments for Research Contact 1 are 
occurring on the date noted above. If any assessment is performed on a day other than the visit 
date, please provide details in the Research Contact 1 Summary (page 5).  
Cystic Fibrosis Questionnaire – Revised  
Participants or parents/caregivers should complete the same versions of the 
questionnaires administered at Research Contact 1 (Baseline) throughout the study, 
even if the subject’s age changes during the study. 

CFQ-R administered (Cystic Fibrosis Questionnaire – Revised)?   Yes    No. Reason: 
____________ 
Version:                                                                                                                    
___________________ 
                                                                                                                                 
___________________ 
Adolescents and Adults (14 Years +)              
 
Children Ages 12 & 13 (self-report format)     
 
Children Ages 6 – 11 (interviewer format)      
 
Parents/Caregivers (Children Ages 6 -13)       
 
Completed in clinic (preferred)         To complete at home & post (prepaid packaging 
provided)  

 
WEIGHT  
Weight: _________._____  kg   st 
lbs 

Not Done. Reason: 
_______________________ 

Height: _________._____  cm  ft in Not Done. Reason: 
_______________________ 

BMI: ________ kg/m2 Not Done. Reason: 
_______________________ 

Comments: 

 
SPIROMETRY 
Spirometry 
performed? 

Yes    Not Done, reason: 
_____________________________________ 

FEV1:   ____L         ______% 

FVC:    ____L        ______% 

Conducted by: 

Comments: 
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BLOOD SAMPLE  
Blood samples to be collected while subjects are in a seated supine position. 
Sample Date and Time 
Date: _____/_____/_____Time: _____ ____ AM / PM 

If no please indicate  
reason below: 

 
HbA1c sample taken as per site 
SOP 
 
HbA1c sample sent to UHBristol 
in packaging provided by CI on 
day of Research Contact 1 

 
Yes  No  

  
 

Yes  No 

Site Oversight 
Subject Refused 
Unsuccessful Attempt 
Sample Transport Issue 
Sample Compromised 
Other, 

specify______________ 
Comments: 
 
 

 
DIETARY RECORDING (INTAKE24) 

Participant issued INTAKE24 username 
and password 

 
 Yes No 
 
Username: GLIDE  
Password: _______________________________ 
 
If no, please give reason: _____________________ 
_____________________________________________ 
 

Participant received training on how to 
use INTAKE24 

Yes No 

Participant unable/unwilling to use 
INTAKE24 

Paper food diary issued with training on 
how to complete  

Paper food diary return 

 

Yes No 

If no, please give reason: ____________________ 

 Participant to return (prepaid packaging 
provided) 

 Healthcare professional to collect 

Comments: 

 

 
CGM  
CGM sensor inserted (iPro2, Medtronic) & 
covered with dressing 
IPro2 serial number: 
GT_____________________ 
 
Blood glucose meter issued  
Blood glucose meter make: 
__________________ 
 
 
Glucose testing strips issued 
 
 

Yes  
No. Reason: 

_____________________________ 
 

Yes  
No. Reason: 

_____________________________ 
 

Yes  
No. Reason: 

_____________________________ 
 

Yes  
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Disposable lancets issued 
 
 
Sharps bin issued 
 
 
iPro2 Log sheet issued 
 
Explanation on how and when to use blood 
glucose meter, test strips, lancets & sharps 
bin provided 
 
Explanation on how CGMs works & how to 
care for in situ sensor given  
 
CGM removal date: ____/_____/_____ 
 

No. Reason: 
_____________________________ 
 

Yes  
No. Reason: 

_____________________________ 
 

Yes  
No. Reason: 

____________________________ 
 

Yes  
No. Reason: 

____________________________ 
 

Yes  
No. Reason: 

____________________________ 
 

Participant to remove CGM sensor  
Prepaid return envelope provided 

 
 Healthcare professional to remove CGM 

sensor 
 Appointment confirmed:  

 
Date: ____/____/______ 
 
Time: ____________________________ 
 
Location: _________________________                                     
 

REASEARCH CONTACT 1 SUMMARY 
Brief summary of the research contact visit and any notes/comments: 
 

 

 

 

 

 

SCHEDULE Research Contact 2 

 Participant happy to continue in GLIDE study 

 Scheduled Research Contact 2 (14 ± 5 days after Visit 2): Date: ___/___/____ 
Time:___:____AM/PM 

                                                                                                 Location: 
__________________________ 

 
Please sign below to confirm that you have checked that this form is complete, and that the data is 
accurate to the best of your knowledge. The name of the person signing this form must appear on 
the delegation log and be delegated to this duty by the study Principal Investigator. 
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Name(s) of person(s) completing form (please 
print)   
 

 

Signature(s) of person completing form 
 

 

Date 
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Appendix 4.11: Dietary intervention delivery checklist 

 
GLIDE intervention checklist: Research Contact 2 (RC2) 

 
Each participant is to be given an age-appropriate intervention booklet (11-15 years/16-35 
years) to be used during RC2 and to guide agreed dietary modification at home.  

 
Duration: approx. 60mins, face-to-face consultation with CF dietitian  
 

Section Aims for participant 
1. Introduction and 
overview  

-To understand the purpose of the GLIDE intervention, what 
is involved and what they will be asked to do 

2. Scientific rationale for 
GLIDE intervention 

-To understand the importance of nutrition in the 
management of CF   

-To understand management of glucose abnormalities in CF 
3. Nutrition Education - To understand macronutrients – protein, fat, carbohydrate 

- To understand how carbohydrates affects blood glucose 
- To understand Glycaemic Index (GI) & Glycaemic Load (GL)  
- To understand what factors affect GI & GL 
- To understand what foods are lower & higher GI choices 

4. Baseline CGM    
feedback 

- To describe the continuous glucose monitoring (CGM) trace 
from participants baseline measurements – hyper- & 
hypoglycaemia. 

- To understand how much time spent below/within/above 
target blood glucose range  

5. Goal setting - Agree SMART dietary targets with dietitian to include lower 
GI/GL food/drink items  

- Agree SMART dietary targets to maintain energy content of 
diet 

- Dietary changes to be implemented for 12 weeks following 
RC2  

- Barriers and facilitators - identify potential barriers and 
facilitators to implementing dietary change through 
discussion with dietitian and family member(s) if present 

7. Next steps  - 1-week follow-up – phone call/e-mail 
-12 weeks – repeat CGM & food diary & clinical measures 

8. Wrap up  - Opportunity to ask any further questions 
- Summary of session content 
- To receive encouragement and motivation from dietitian  

 
 
 

1: Introduction and overview of GLIDE Completed 
Welcome participant to the intervention part of the GLIDE study  
Explain the format of the GLIDE intervention:  
• 1-hour face-to-face consultation today  
• Follow phone call/email in one week 
• Repeat CGM, food diary & clinical measures in 12 weeks 

 

Explain what will be involved in the GLIDE intervention: 
• Learn about what affects blood glucose  
• Learn about Glycaemic Index & Glycaemic load 
• Work together to agree dietary targets to try to lower GI/GL of diet 
whilst maintaining energy content over the next 12 weeks 
• Identify possible barriers and facilitators to achieving dietary targets 
• Review and adjust targets as required at week 1 follow-up session 
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2: Scientific rationale for GLIDE Completed 
Discuss the role of diet in CF management: 

• Discuss standard nutrition recommendations for people with CF 
and why they are important 

Discuss where how glucose abnormalities are managed in CF:  
- Research has found that low GI diets can help people with non-CF 
diabetes manage their blood sugars 
- Aim of GLIDE is to see if this approach might also be helpful for people 
with CF 

 

 
 
 3: GLIDE delivery    Completed 
Give participant age-appropriate GLIDE intervention booklet (11-15/16-35 
years) 
Deliver education in a conversational style with participant, encourage 
participation and questions throughout & frequently check understanding 

 

Discuss macronutrients that make up food - protein, fat, carbohydrate 
How macronutrients fit into CF dietary recommendations 

 

What affects blood glucose levels:  
nformation to be communicated: 

- Carbohydrates only macronutrient that affects blood glucose  
- How carbohydrates affect blood glucose 
- Different types of carbohydrate – starchy/sugary  
- How to identify carbohydrate on food labels  

 

Glycaemic index (GI): 
nformation to be communicated: 

- What GI is 
- What effect different GI carbohydrates have on blood glucose 
- What affects GI 

 

dentifying lower GI food choices: 
nformation to be communicated: 

- 5 food groups 
- Lower & higher GI choices 

 

Glycaemic Load (GL): 
nformation to be communicated: 

- What GL is 
- Portion size considerations  

 

 
4. Baseline CGM feedback Completed 
Information to be communicated: 
Describe & check understanding of the continuous glucose monitoring 
(CGM) trace from participants baseline measurements – hyper- & 
hypoglycaemia., blood glucose peaks/troughs 
- To understand how much time spent below/within/above target blood 
glucose range 
- Explore what may have contributed to CGM trace profile using baseline 
food diary 

 

 
5. Goal setting   Completed 
Work with participant to set SMART dietary targets: 

- SMART: Specific, Measurable, Attainable, Realistic, Time-based  
- Aim: lower GI/GL of dietary intake whilst maintaining energy content 

of diet 
Encourage discussion and agreement between participant and parent/carer 
if present. 
Barriers and solutions - Discuss potential barriers to implementing dietary 
targets and discuss possible solutions/facilitators to these barriers 
Discuss with participant the importance of involving family and/or friends 
where possible for help and support in making dietary change 
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Ask participants to record dietary targets in the GLIDE booklet and advise 
to display targets in prominent location as a reminder e.g. on fridge/notice 
board. 
Record dietary targets in GLIDE RC2 CRF 

 
7: Next steps Completed 
Agree with participant dates and times for 1 week follow up and preference 
for phone-call/email (and necessary contact details) 
 
Advise approx. date for RC3 but that it will be confirmed by CF team nearer 
the time 
 
Record in GLIDE RC2 CRF 

 

 
8. Wrap up   Completed 
Thank participant(s) for their participation over the last hour  
Recap on session content and check understanding  
Encourage questions  
Any additional session notes to be recorded in GLIDE RC2 CRF  
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Appendix 4.12: Food and drink items assigned GI values - GI value decision 

algorithm  

 

Algorithm step N % 

1. Does the item have ≤2.5g CHO/100g?  87 18 

2. Is there a direct match in the GI databases used? 79 17 

3. Is there a closely related food item GI databases used? 274 58 

4 Is the median GI value of the food subgroup available? 0 0 

5 Assign the following nominal GI values if the item is categorised as: 
• Vegetables: GI=40  
• Dairy products: GI=30 
• Sauce: GI=60 
• Dressing: GI=30 

30 6% 

6. Assign a nominal GI=50 value 3 <1% 

Total number of food/drink items assigned GI values 473 100% 
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Appendix 5.1: Participant interview topic guides  
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Appendix 5.2: HCP focus groups invitation and participant information 
sheet  
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Appendix 5.3: HCP focus group pre-reading – PhD research summary 

  

GLIDE: GLycaemic Index Dietary Educa�on for 
managing glucose abnormali�es in Cys�c Fibrosis Laura Birch, RD

GLIDE study delivery (n=20; 11-35 yrs)

Systematic review GLIDE 
development

Focus groups: 
CF healthcare 
professionals

Analysis, write-up, dissemination

Analysis: 
qualitative & 
quantitative

Dietary 
intake 

week 0 2 14 16

Glycaemia

G
L
I
D
E

Year 1
Year 2

Year 3
Glycaemia

Dietary 
intake 

Acceptability

Normal glucose tolerance Impaired glucose tolerance Cys�c fibrosis-related
diabetes (CFRD)

Early glucose abnormali�es 
cause clinical decline 

Leclercq et al, 2014

Threefold ↑ mortality 
Lewis et al, 2015

Limited evidence to guide 
dietary therapy 

Rana et al, 2013



Appendix 5.4: HCP focus groups topic guide 
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Appendix 5.5: Analytical coding framework  

Code Description of code 

Introductions & background home life, family, school/college/work etc 

Diagnosis (CF/CFRD) when and how, experience of diagnosis, diagnostic tests 

Reaction to diagnosis 

Fear of further diagnosis/CFRD diagnosis 

Knowledge and understanding of CFRD – before and since 
diagnosis 

Impact of having CFRD Implications, symptoms, feelings, living with CF & CFRD 

Management of CF/CFRD 
Importance/implications of each; comparisons between the 
two conditions  

Treatments 
Treatments taken, impact of treatment on self/daily life; 
understanding of treatments; treatment priorities  

Support 
Self-support/self-management, Support from others/family 
involvement, CF team 

Motivation  Motivation to engage with treatment/management 

Health status Other conditions/exacerbations 

Stigma 
Other peoples’ reactions; self-awareness; visible 
symptoms/treatments 

Growing up 
becoming an adult; transition to adult services; 
independence; the future; parents/carers perspectives & 
input 

Diet 
Previous/current diet; eating patterns, preferences, alcohol 
intake 

Dietary advice 
Previous/current dietary advice – CF &/or CFRD, from who, 
details 

Dietary tensions/conflicts 
diet advice for CF & CFRD – differences, how resolved? 
Thoughts on dietary tensions/conflicts? OGTT - sugary drinks 
and diabetes;  

Weight Body weight, weight history, weight management, awareness 

PERT (Pancreatic Enzyme 
Replacement Therapy) 

Enzymes taken, amounts, knowledge & understanding, any 
changes made, feelings about PERT  

Nutritional supplements 
Supplements taken, amounts, knowledge & understanding, 
any changes made, feelings about supplements 

Food provision 
self-managed; provided by family/others; home-made/pre-
prepared/take-away etc 
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GLIDE study feedback  

GLIDE education 

 

Impact of GLIDE education 

 

delivery, detail, level of information/understanding, 
resources used 

 

knowledge, empowerment, confidence; change to diet; 
sustainable changes? 

Glycaemic Index knowledge & understanding before and after GLIDE study 

Dietary changes 
Changes made; Process of making changes; changes 
sustained 

Impact of making changes side effects; weight; energy; easy/difficulties; shopping 

Motivation 
Motivation to take part in the study/engage/make diet 
changes 

Acceptability Experiences of taking part in the study, burden 

Recruitment Participant information resources, recruitment, consent 

Study delivery Visits, home vs clinic visits, length and number of visits 

Glycaemia monitoring 
CGM, calibration finger pricks, CGM removal and return (post 
vs clinic return) 

Food diary 
Online food diary (INTAKE24); Online versus paper diary, 
access (tablet/computer/internet); taking photos to 
remember what was eaten 

Family involvement 
Who involved, support, food provision/shopping, their 
knowledge and understanding 

Improvements Suggestions for improving GLIDE study/education 
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