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Project summary

Project Title

Factors that influence diet and physical activity
behaviours of adults living with cystic fibrosis
and overweight on Cystic Fibrosis
Transmembrane Conductance Regulator
Modulator Therapies; a mixed methods study
(The More Life with CF Study)

Short Title

The More Life with CF Study

Project Design

Mixed Methods

Participants

Adults living with Cystic Fibrosis and
Overweight on Cystic Fibrosis Transmembrane
Conductance Regulator Modulator (CFTR)
Therapies

Planned Recruitment Target

60

Planned Study Period

24 months

Research Aim

This study aims to assess the dietary intake and
physical activity of adults living with cystic
fibrosis and who are overweight and on Cystic
Fibrosis Transmembrane Conductance
Regulator Modulator Therapies (CFTR).
Additionally, it will explore the key context of
specific diet and physical activity behavioural
issues, experience and perceptions of these in
weight management of people living with CF
and overweight on CFTR (PWCF+Ow+CFTR)
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Project flow chart

Participating SitesCystic Fibrosis Centres patient registers screened to identify
potential participants (PWCF+Ow+CFTR)

Potential participants invited to participate in the study at clinical contacts or by
phone/email/letter

Potential participants who express an interest in participating are provided with a
participant information sheet (PIS)

Eligibility confirmed and written informed consent obtained (week 0)

Study Visit 1- in person (n= 60) (week 0-6)
Demographic and clinical data collection

Instruction on how to complete 4-day food diary
Physical activity monitor administered and 14 days monitoring commenced
Date for study visit 2 arranged with participant

Study Visit 2- remotely (by post)/phone/in person (n=60) (week 3-7)

Food diary verified

Physical activity monitor returned

A

20 participants purposively sampled for data
prompted interview
¢ \ 4

Study Visit 3 (n= 20-30 participants) Quantitative and
week 4-12 Qualitative Data Analysis

data prompted interview

Target behaviours and behaviour change techniques for CF Weight Management
programme identified
Guiding Principles formulated to inform CF Weight Management Programme Co-design
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Protocol

|. Background

Cystic fibrosis (CF) is the most common life limiting genetic disease in the UK, affecting around 10,000
people(1). It is a complex multisystem disorder caused by dysfunction of the cystic fibrosis transmembrane
conductance regulator (CFTR) protein (2). This leads to a defect in epithelial chloride channels at the cell
surface and abnormally thick mucus that effects the lungs, digestive system, and other organs. People with CF
experience frequent respiratory exacerbations and respiratory failure, pancreatic insufficiency, CF related
diabetes (CFRD), liver disease and osteoporosis (3).

Over the last 30 years, advances in treatments have improved health and life expectancy of people living with
CF. Median predicted survival is currently 56.1 years(1). In 2012, a new treatment targeting the underlying
cause of cystic fibrosis, by correcting CFTR protein dysfunction - CFTR modulator therapy (CFTR) became
available(4). This was followed in 2020 with a more effective therapy, elexacaftor/tezacaftor/ivacaftor ( ETI
(Kaftrio®)(5). This highly effective triple CFTR modulator therapy is significantly improving the health and life
expectancy of most people with CF(6). People living with CF are experiencing a reduction in the frequency of
respiratory infections, improved lung function and weight gain (7, 8).

Prior to the introduction of CFTR therapy, the nutritional management of CF focused on the prevention of
malnutrition and weight gain with a high calorie, high fat diet, pancreatic enzyme therapy to minimise
malabsorption due to pancreatic insufficiency, in combination with regular physical activity (PA). Patients were
advised to achieve a Body Mass Index (BMI) of 22-23kg/m? and undertake 150 minutes per week of
moderately vigorous physical activity as this was associated with better lung function (9, 10). Whilst this
approach was successful at improving their health and life expectancy, the prevalence of being overweight and
obesity increased, with up to 30% of the adult CF population observed to be overweight or obese with lower
levels of physical activity than healthy peers (11-16). This prevalence has further increased since the
introduction of ETI (17-20). Median BMI of UK adults with CF aged 48 years and over now exceeds 25kg/m? in
(1).

As more of the CF adult population, treated with CFTR modulator therapy, survive into and beyond middle age,
overweight and obesity, and associated co-morbidities are expected to be more common (21). There is limited
knowledge about the diet and physical activity behaviour of adults with CF treated with CFTR modulator
therapy. It is important to characterise these behaviours, understand what influences them and the barriers
and facilitators to having a healthy diet and being physically active. This will help understand how people with
CF can be supported to adopt to healthy lifestyle to manage their weight, optimise their health, and reduce
their risk of developing obesity and associated co-morbidities.

2. Rationale

This study aims to assess the dietary intake and physical activity of people living with cystic fibrosis and who
are overweight and are prescribed CFTR modulator therapy (PwWCF+Ow+CFTR). It aims to understand their
experiences and perceptions of diet, physical activity, and weight management. The findings from this study
will inform the co-design of a person-centred CF specific weight management programme. This programme
will be co-designed with people living with CF and who are overweight/obese, CF Health Care Professionals (CF
HCP), and behaviour change and obesity experts in collaboration with the Chief Investigator and supervisory
team.

Overweight and obesity (Body Mass Index (BMI) > 25kg/m?), low levels of physical activity and increased
amounts of sedentary behaviour are associated with an increased risk of developing non-communicable
diseases such as hypertension, cardiovascular disease, diabetes, and cancer in the non-CF population(22, 23).
CFTR modulator therapy combined with continuation of a high calorie diet and low levels of physical activity
are contributing to more adults with CF becoming overweight or obese. As more people living with CF survive
into middle and older age, their risk of developing non-communicable diseases is expected to increase (21).
Furthermore, people with CF have lower fat-free mass than age matched controls (24-26), a higher BMI and
central and visceral adiposity which are associated with dyslipidaemia, insulin resistance, higher fasting blood
glucose levels and chronic inflammation (27-29). This suggests people living with cystic fibrosis and who are
overweight are likely to have a similar or increased cardiometabolic risk in comparison to general
population(30-32).
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In contrast to the non-CF population, people living with CF have been advised to eat a high fat, high calorie diet
to gain weight gain since childhood. Healthy lifestyle promotion messaging has not previously been relevant to
them. Prior to CFTR modulator therapy, high calorie food choices were perceived as an important strategy for
maintaining their health(33). This is reflected in the dietary intakes of adults with CF which have been found to
be higher in calories and of lower quality than healthy peers (28, 34).

The aetiology of weight gain with CFTR modulator therapy is still not fully understood. Patients on CFTR
modulator therapy have been found to gain weight despite a reduction in calories consumed(35), whilst
evidence from singular CFTR therapies (lvakaftor) suggest weight gain may be due to increased fat intake,
improved fat absorption and a reduction in energy requirements(36).

Physical activity is beneficial to the health of people with CF; it is associated with a slower rate of decline in
lung function, improved aerobic capacity, reduced hospital admissions, improved quality of life and less fatigue
(37-41). Furthermore, exercise can benefit; bone density, body composition, lipid profiles and blood glucose
levels of people with CF(42-47). Despite these benefits, most patients with CF are physically inactive, spend
long periods of the day sitting (57, 58) and engage in less moderately vigorous physical activity than healthy
age matched controls(15, 16, 48).

There is limited published evidence on dietary intake and device-measured physical activity of adults living
with CF and who are overweight and are being treated with CFTR modulator therapies. Additionally, their
experiences and perceptions of diet, physical activity, and weight management, to our knowledge has not
been explored in an adult CF population treated with CFTR modulator therapy. This research will aim to meet
this knowledge gap and identify the diet and physical activity behaviours and contextual factors that are
contributing to being overweight in people living with CF.

Patient and public involvement activities with patients living with CF and CF HCP have supported this work as
an important research topic and an unmet need for people with CF and a high priority for CF HCP to underpin
their clinical practice.

3. Theoretical framework

This study will take a pragmatic mixed methods approach to investigate the diet and physical activity
behaviours, behavioural influences, experiences and perceptions of diet, physical activity, and weight
management of adults living with CF and who are overweight and being treated with CFTR modulator therapy
(PWCF+Ow+CFTR)(49, 50). A mixed method approach is suitable for researching this complex issue. This
approach using quantitative and qualitative methods has the advantage of drawing on the strengths of each
method. An exploratory sequential design will be used, with priority given to the qualitative data; quantitative
data collection (food and nutrient intake and physical activity) followed by qualitative data collection (data
prompted interviews) used to further understand and explore the contextual factors related to diet and
physical activity behaviours(51).

The qualitative phase of this study will take a realist inductive qualitative approach to explore PwWCF+Ow+CFTR
experiences and perceptions of these issues. This position and a qualitative approach are appropriate for
exploring experiences and understanding the reality of PWCF+Ow+CFTR experience of diet, physical activity,
and weight management (52). Realism supports the idea that the real world exists independent to an
individual’s perspective, but that social and physical context influence their beliefs and perspectives(53). It is
recognised that the researchers background as an experienced female CF HCP (dietitian), who may also know
and be known to participants in her professional capacity may have an influence on interpretation of the
results hence the importance of the More Life with CF Patient Advisory Group (MLCFPAG) and supervisors (AT
and SF) to contribute to peer debriefing.

The Behaviour Change Wheel (BCW) (54) will be used to map qualitative themes and sub themes to identify
and understand the barriers and facilitators to diet and physical activity, key influences on these behaviours
and effective behaviour change techniques. The BCW is a theoretical model derived from a synthesis of 19
behaviour change theories. It incorporates the COM-B behaviour change model that proposes there are three
components to any behaviour (B): Capability (C), Opportunity (O) and Motivation (M). To perform or change a
particular behaviour, there must be the physical and psychological capability to do so, there must be social and
physical opportunity for the behaviour and motivation to perform the behaviour.

The integrated findings from this study and a previous study that has identified the barriers and facilitators to
CF Health Care Professionals experience in supporting patients with diet and physical activity behaviour
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change (55), will be used to inform the development of a specific CF weight management programme using
the Person Based Approach (PBA)(56). The PBA uses key contextual behavioural issues identified from mixed
methods research, behaviour change theory, and the perspectives of users, to guide design and development
of an intervention.

Guiding Principles, a unique component of the PBA, will be formulated. These outline the key context-specific
behavioural issues and how the intervention should address these issues with design features that are likely to
be attractive, engaging, enjoyable and persuasive the target population. Using these Guiding Principles and the
results of these studies, the co-design team will work together to design the programme.

Relevant health behaviour theories will be examined to explain the psychological mechanism of action of the
behaviours and a preliminary logic model will be constructed.

We intend to complete co-design workshops in order to help develop and design this intervention. The co-
design workshops will be completed as a separate phase of work.

4. Research question/aims

This study aims to assess the dietary intake and physical activity of adults living with cystic fibrosis and who are
overweight and on Cystic Fibrosis Transmembrane Conductance Regulator Modulator Therapies

(PwCF+Ow+CFTR). Additionally, it will explore key context of specific diet and physical activity behavioural
issues, experience, and perceptions of these in weight management of people with PwCF+Ow+CFTR.

4.1. Objectives

In adults living with cystic fibrosis and who are overweight on Cystic Fibrosis Transmembrane Conductance
Regulator Modulator Therapies (PwCF+Ow+CFTR);

i To characterise food intake and estimate nutritional intake from self-reported food diaries
ii. To characterise physical activity patterns and assess physical activity level using accelerometery
iii. To explore the diet, physical activity and weight management experiences and perceptions of
PwCF+Ow+CFTR
iv. Use the BCW to undertake an inductive analysis to identify the barriers and facilitators of
achieving a healthy diet and being physical active and map themes and subthemes to the COM-B
model
V. To identify target behaviours for the CF weight management programme
vi. To select evidence-based behaviour change techniques (BCT’s) and intervention features for the
CF weight programme
vii. Formulate Guiding Principles for the CF weight management programme
viii. Apply relevant health behaviour theories to understand the mechanism of action of the
behaviour and construct a preliminary logic model

4.2. Outcomes

i Identification of the key context specific diet and physical activity behavioural issues experienced by
PwCF+Ow+CFTR

ii. Identification of the perceived barriers and facilitators to diet and physical activity mapped to COM-B
domains

iii. Identification of target behaviours for the CF specific weight management programme

iv. Identification of evidenced based behaviour change techniques (BCT’s) and key features to address
diet and physical activity issues identified

Protocol version number & date: v2.1 14.3.2025 Page 11 of 30
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V. Guiding Principles formulated to inform how the CF weight management programme should address
the key context specific diet and physical activity issues.

vi. Preliminary logic model constructed to begin to understand the mechanism of action of the behaviour

5. Design and methods of data collection and data analysis

This is a sequential exploratory mixed methods study.

5.1.1. Study Visit 1- Base Line Data Collection, Food Diary, and Physical Activity Monitoring (week 0-4)

Following written informed consent to the study, visit 1 will take place in a clinic room in the West Midlands
Adult Cystic Fibrosis Centre, University Hospital Birmingham, Heartlands Hospital (WMACFC),Sheffield Adult
Cystic Fibrosis Centre, Northern General Hospital, Sheffield (SACFC) North West Midlands Cystic Fibrosis
Centre Royal, Stoke University Hospital NHS Trust (NWMCFC) and Wolfson Cystic Fibrosis Centre, Nottingham
University Hospital NHS Trust (WCFC).

Each participant will be assigned a study number between 01 - 60 in order of recruitment. Participants and
their data will be identified by their study number. A record of study numbers and each participant, name and
date of birth will be recorded on the participant identifier log which will kept separate to the site file or saved
on a password protected computer server at the recruitment site; University Hospitals Birmingham,Northern
General Hospital Sheffield, Royal Stoke University Hospital Nottingham University Hospital NHS Trust and
University of Birmingham server.

Demographic and Clinical Data Collection

Demographic and clinical data will be extracted from the electronic medical notes of the participant and
recorded in the case report form (CRF see appendix). The CRF will be completed on paper and a copy stored in
the site file in a locked office in NHS premises. The CRF data will be transferred to the electronic CRF
spreadsheet and this will be saved on an NHS password protected computer server. This will include;

Age, sex, ethnicity, CF genotype and microbiology, prescribed medications including CFTR modulator and dose
and start date, co-morbidities, lung function (actual and % predicted Fevl best within previous 6 months).

Participants will be asked to provide information on their household income and employment/education
status. They will be given the option to decline disclosure of their household income and
employment/education status.

Anthropometric measurements

The participant will have their weight (in kg) and height (in m) measured following local standard operating
procedures (see appendix). Using these values, BMI (kg/m?) will be calculated and recorded in the CRF.

Body Composition

The participants body composition will be measured following the device measurement protocol. This non-
invasive, indirect method measures body composition from resistance (impedance) to the flow of a low-level
electrical current passed through the body(57). Fat free mass, fat mass and fat free mass index will be
recorded in the CRF.

Assessment of Dietary Intake

The MyFood24®(58) smart phone application will be used to record and analyse participants’ food and
nutrient intake. Participants will be asked to record their food intake over 4 days including a weekend day
using the smart phone application. Four days of self-reported food intake data (including a weekend day) will
provide an adequate amount of data to capture participant day to day variation, estimate true mean nutrient
intakes, and minimise recording burden (59, 60). This aligns with the methods used by the National Diet and
Nutrition Survey (61). MyFood24® meets Best Practice Guidelines for dietary assessment in health research
tools, has been validated against dietitian interview-led 24 hour recalls and urinary and plasma biomarkers(62,
63). Food diary applications have been shown to be preferable to participants than conventional methods and
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may reduce the potential bias arising from an interview approach (64-66). However, they require access to a
mobile phone, the internet and a degree of technological literacy and numeracy. Whilst most people living
with cystic fibrosis use mobile phones as part of their daily lives, the option to record dietary intake using a
paper food diary will be provided to enable participation from those who do not have access to a mobile
phone or are not digitally literate. Alternatively, participants who do not have a smart phone can use a paper
food diary (see appendix). Paper food diary data will be entered into the Myfood24 platform by the Chief
Investigator after study visit 2.

A contract for providing licensing and access for participants to use the MYFood24 app is in place between
Dietary Assessment Ltd (MyFood24) and University of Birmingham.

Food Diary Instruction and App Registration

i. The Cl or Pl will complete a participant profile within the MyFood24 online platform (name, email address,
date of birth and sex) and send the participant an invitation link to download and register the app by email.
The participant will be asked to;

I download the MyFood24 app from the Google Play or Apple App Store
I. to register with the MyFood24 Dietary Assessment Ltd and link their account to the research
study account to enable them to share their food diary data
Il to log in to the app using their registration details (email address and password they have
chosen)

ii. Participants will be asked to record all food and drinks consumed for 4 days including a weekend day and
advised to;

l. record details of foods and beverages consumed at the time of consumption
Il estimate portion sizes as accurately as possible using common unit sizes (e.g., cups of drinks,
slices of bread), and use the pictorial guide incorporated into MyFood24

[l. how to search for food items, how to choose the most appropriate item that matches the
food/drink eaten, how to record homemade meals made from several ingredients and how
to use the bar code scanner to search for packaged foods. This Face-to-face training will be
supported with MyFood24 instructional videos and information sheets which the participant
will also be able to refer to (see appendix).

V. the purpose of the research and the importance of recording their ‘usual’ food intake will be
explained to the participants to minimise reporting bias. Participants will be advised that
they will not be judged on their diet, and they should avoid making dietary changes during
the recording period.

V. participants will also be able to contact the Cl for additional app support by phone or email.

VL. A date will be agreed with the participant when they will commence recording their food
intake. Participants will receive a reminder notification from MyFood24 to complete a food
diary for each day. Participants completing a paper diary will receive a text message
reminder from Cl during the monitoring period in week 1 and 2. MyFood24 dietary target
notifications will be turned off to minimise this influencing their food intake e.g., modifying it
in response. The participant will be provided with information on how to use the app and
links to ‘YouTube’ videos in their study information booklet (see appendix).

VII. At the end of their participation in the study the participants will be advised to delete the
MyFood24 app.

Physical Activity Monitoring

Accelerometery will be used to measure physical activity over 14 days. Physical activity is defined as any bodily
movement produced by skeletal muscles resulting in energy expenditure (67). Sedentary behaviour is defined
as sitting, reclining, or lying postures, excluding sleep, with energy expenditure of <1.5 metabolic equivalents
(METs)(68). Accelerometers are electronic devices capable of continuously recording changes (accelerations) in
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movement. Triaxial accelerometers measure movement in three axes (directions); X (left to right), Y (forward
and backward), and Z (up and down). Data can be analysed to provide an estimate of time spent in different
frequencies, intensities, and durations of physical activity. Seven days wear (210 waking hours/day) is usually
considered a sufficient time to gather data on habitual physical activity patterns (69). Longer wear periods are
recommended where adult populations may demonstrate higher variability in levels of physical activity week
to week (70). In this study, the measurement time frame will therefore be 14 days of continuous wear
(including overnight), to ensure habitual levels of physical activity are reliably captured. Overnight wear also
helps to increase compliance, and provides important data on sleep (quantity, efficiency), which is important
to understand when investigating physical activity (69).

Participants will be provided with an ActiGraph wGT3X-BT monitor (Actigraph, Pensacola, Florida, USA), either
in person at visit 1 or by post from the Chief Investigator following this visit. They will be instructed to wear
this on their non dominant wrist for 14 days. The participant will be advised to wear the monitor for at least 10
hours a day up to 24 hours per day. They will be advised that the monitor is not waterproof and they should
not wear it whilst swimming, taking a bath or a shower. A date, time and location for study visit 2 will be
arranged with the participant (2 weeks’ time from study visit 1).The participants GP will be informed of their
participation in the study by letter.

5.1.2 Study Visit 2- Verification of Food Diary and Return of Physical Activity Monitor (week 3-7)

Study visit 2 will take place in a mutually convenient time; face to face in a private clinic room at WMACFC,
SACFC, NWMCFC, WCFC or in the participants home, alternatively remotely by phone or via a
videoconferencing platform using a MS Teams/Zoom®© University of Birmingham account via the University of
Birmingham secure server. If via videoconferencing participants will be sent an invitation link to the virtual
meeting room by email. The link will have a passcode which will only be available to the participant. The option
of interviewing via video has been included to facilitate interviews with participants located a considerable
distance from their CF centre and throughout the UK. Video interviews will also give more flexibility for
interview date and time for those participants who are not available during normal working hours.

If Visit 2 takes place at the participants home, the Cl will adhere to University of Birmingham Health and Safety
Guidance on Home Visits . The visit will be risk assessed.

i Food diary Verification
JB will view participants food diary data via the MyFood24 web-based platform and check with the participant
that that the correct food type has been entered, portion sizes are accurate and probe if any food items have
not been recorded using a checklist (see appendix) and pictorial portion size food Atlas(71). Incorrect or absent
entries will be amended by Cl in agreement with the participant.

ii. Physical Activity Monitor

The physical activity monitor will be returned by the participant. If study visit 2 takes place virtually, they will
be asked to either; 1) return the physical activity monitor by post in a pre-paid envelope to the CI/PI at
WMACFC/SACFC/NWMCFC/WCFC, 2) JB will arrange to collect from the participants home, or 3) a member of
the CF Team will arrange to collect the monitor from the participants home during a scheduled clinical home
visit (adhering to university home visit or local lone worker policies). Once the physical activity monitor has
been returned by the participant, they will be sent a £10 retail voucher. All participants who take part in the
study will be invited to join the co-design team for the next phase of the study by letter which will be sent with
the retail voucher.

The participants physical activity data recorded on the ActiGraph wGT3X-BT (Actigraph, Pensacola, Florida),
USA) will be downloaded via the Actilife software (using Actilife® software (version 6.2)(72) on a University
Hospitals Birmingham password protected computer as soon as possible once the device being returned, not
exceeding 2 weeks after being received by the Chief Investigator. Once the data has been downloaded the
participant data will be deleted from the device. The device will then be cleaned using disinfectant wipes. Data
is linked by participant ID only.
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Each participants food diary, eating pattern and physical activity data will be summarised in a visual format to
use as a data prompt to stimulate discussion during the semi-structured interviews. A copy of the food diary
and physical activity summaries will be entered in the paper and electronic CRF. These will be saved on a
University of Birmingham password protected server (see Data Management Plan)

5.1.3  Study Visit 3- data prompted interview (week 4-12)

Semi-structured data-prompted interviews will be used to explore participant experiences and perceptions of
diet, physical activity behaviours, and weight management. Using personalised data as a prompt during the
interview, can aid an individual’s recall of events and decision making and be a more accurate method of
retrospective qualitative data collection (73).Semi structured interviews are a qualitative research method that
gathers data on personal experiences and views on an issue. An interview structure of open-ended questions,
with follow up questions and probes are used to facilitate more in-depth exploration.

Semi-structured data prompted interviews will be conducted with 20 - 30 participants. Interview participants
will be selected to maximise variation and has been suggested as sufficient when there is a specific research
question(74). Following initial analysis of 20 interviews, if new issues emerge after these interviews, further
sampling will be employed for additional participants to take part in data prompted interviews to reach data
saturation

Interview Procedure

A mutually convenient date, time and preferred location for interview will be arranged with them; in a private
clinic room at WMACFC/SACFC/NWMCFC/WCFC, in the participant’s home or by video using a University of
Birmingham Zoom®© or Microsoft Teams®© video conferencing platform account.

If Visit 3 takes place at the participants home, the Cl will adhere to University of Birmingham Guidance on Out
of Hours Activities and Lone Working.The visit will be risk assessed.

JB will verify ongoing agreement to participate and the participant will have the opportunity to ask any
questions. The interview will commence and audio recording will be started using an encrypted voice
recorder. If the interview is being conducted by video using the Zoom© video conferencing platform, the
interview will only be audio recorded using the platform recording function and the platform transcription
facility will be used to record speech to text. If the interview is being conducted by video using Microsoft
Teams© video conferencing platform, the interview will be audio and video recorded using the platform
recording function and the platform transcription facility will be used to record speech to text A visual
summary of the participants food and physical activity data will be used as a prompt with a series of open
questions, framed around the study objectives to stimulate the participant to talk about their experiences,
perceptions, views, and opinions (see appendix for interview schedule). Probes and follow up questions will be
used to explore the topics/views and elicit more detail from the participant. Interviews are estimated to take
up to approximately 60 minutes. At the end of the interview the Cl will summarise to verify what has been said
and thank the participant for attending.

The audio file will be uploaded to Microsoft Word 365 and transcribed using the automated transcription
function by Joanne Barrett. Microsoft Word 365 will be accessed through the University of Birmingham secure
server. The transcription will be saved on a University of Birmingham server as soon as possible not exceeding
4 weeks and then deleted from the encrypted voice recorder. Transcriptions from the audio recordings will be
downloaded from the University of Birmingham Zoom®© or Microsoft Teams© video conferencing platform
account and saved on a University of Birmingham server as soon as possible not exceeding 4 weeks and then
deleted from the platform.

Following initial analysis of the first 20 interviews, the quality of data and depth of themes generated
(saturation) will determine if more participant interviews are required.

Interview Questions

The interview guide has been developed from the COM-B model, knowledge gaps identified in the literature,
and the background and experience of the research team; Specialist CF Dietitian Joanne Barett — Chief
Investigator (Cl), qualitative research expert and nurse (Professor Annie Topping), and Associate Professor of
lifestyle behaviour change (Dr Sally Fenton) and the MLCFPAG. It aims to stimulate a narrative and exploration
of the participant’s experience and perceptions of their diet and physical activity behaviours, influences on
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these behaviours, and their experience of weight management since CFTR modulator therapy (see appendix
for interview schedule).

The interview schedule was revised in response to feedback from the MoreLife with CF Patient Advisory Group
and Lead Partners.

Post Interview

At the end of the interview, the Microsoft Word transcription and voice recording will be saved on a password
protected server at the University of Birmingham (Data Management Plan) and deleted from the encrypted
voice recorder.

Cl will record field notes of personal assumptions, responses, and thoughts in a reflexive diary. Any minor
amendments to structure, ordering of topics, or rephrasing of questions that may be required to enhance
clarity will be identified and discussed with AT and SF. In line with the inductive approach, interview questions
will then be modified if necessary to include emergent issues may be required for the next interview.

5.1.4 Data Analysis

The quantitative and qualitative data will be analysed separately and integrated;
Descriptive statistics will be performed on all quantitative outcomes using SPSS vs 27 (75)
Quantitative Data Analysis

The self-reported food intake diary will be analysed using myfood24® nutritional analysis software(76).The
food diary and nutrient intake data will be generated from MyFood24®(see appendix) in a Comma Separated
Values (CVS) output file and saved on a University of Birmingham password protected server (see Data
Management Plan (DMP)). Participants who complete less than 3 days food records will be excluded from the
dietary data analysis, as it is unlikely to be a true representation of their habitual food intake and will not be
approached for interview

Daily mean nutrient intakes will be calculated for each participant, across the number of days completed food
diary data. For macronutrients and free sugars, both total and total food energy-adjusted values (per 1000kcal)
will be reported employing Atwater factors(77). Fibre will be quantified using the Association of Official
Analytical Chemists (AOAC) method. Nutrient intake data will be compared to Dietary Reference Values for
food and Nutrients in the UK(78), Scientific Advisory Committee on Nutrition Recommendations(79-81),
European Cystic Fibrosis Nutrition Guidelines(82) ;

In addition, percentage distribution of nutrients (energy, fat, carbohydrate, total sugar, protein, fibre, calcium)
per meal (breakfast, lunch, evening dinner, snacks, drinks) will be summarised and the top 5 foods that
contribute to intake of energy, fat, carbohydrate, total sugar, protein, fibre, and calcium will be tabulated.

Physical Activity Data

Participants accelerometery data will be downloaded,analysed and stored using Actilife® software (version
6.2)(72). This software will be accessed via and the data will be stored on a University of Birmingham
password protected computer server. Once the data has been downloaded the participant data will be cleared
from the device. The physical activity data will be summarised and exported as a pdf file and saved on a
University Hospitals Birmingham password protected computer server A summary of this data will be entered
into the participant Case Report Form. Non-wear time will be determined by Actilife® software. Participants
with < 10 hours valid wear time per day, for <4 days, will be excluded from the analysis. The amount of valid
wear time will be used as a co-variate in any statistical analysis, to account for variability between participants.

Accelerometer cut-points will be used to compute average total daily sedentary time (SED), light-intensity
physical activity (LPA), and moderate-to-vigorous-intensity physical activity (MVPA) (83-86).

Qualitative Data Analysis

The audio-recording and transcription will be imported into NVivo 12(87). NVivo 12 will be used to organise,
and chart the focus group interview data.
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The framework approach will be used to analyse the data(52, 88). This method has been chosen as it is a
systematic process for organising, reducing, and interpreting qualitative data. It guides a process of thematic
analysis with the development of an analytic framework and charting matrix from the coding and categorising
of interview data to aid the comparison across the data set so that relationships, and patterns can be
developed into key themes. An advantage of this method is the inclusion of participant accounts in the matrix
ensure that individual descriptions and interpretations are not lost in the analysis.

The following process of the framework approach will be used to analyse the data;

i Transcription

Following each interview, JB will check the transcription for errors by listening back to the audio-recording and
reading the transcripts simultaneously. Corrections will be made to ensure an accurate verbatim transcription
for analysis.

ii. Familiarisation with the interview

JB will listen back/view to the audio recording and read and re-read the transcript to familiarise with the data
thoroughly. Initial analytical thoughts on the key study objectives, relevant issues that emerge and
impressions will be noted.

iii. Independent Coding

JB will independently code data from the first 5 interviews. The transcription will be read line by line and
coded by applying a descriptive label to a section of text that is significant or relevant to summarise and
described what has been said by each participant.

iv. Develop analytical framework and then discuss to form a consensus of a set of codes to apply to
future transcripts

JB will discuss their independent coding with AT and agree on a set of codes. Codes that are conceptually
related will be grouped together into clearly defined categories. This coding index will form the analytical
framework which JB will then be applied to subsequent transcripts.

V. Applying the analytical framework

The analytical framework will be used to code and categorise subsequent interview transcripts. Any new codes
which emerge from the subsequent interviews will be discussed by JB with AT to reach a consensus and the
framework will be updated to incorporate new codes.

Vi. Charting the data into the framework

Once all the data has been organised into categories and codes using the analytical framework, a matrix will be
constructed; one spreadsheet for each category and a column for each code within that category. Codes from
each transcript will be summarised and charted into the Matrix. Illustrative participant quotations will also be
charted into the matrix. JB will chart the data and this will be reviewed by AT. Any differences of opinion will
be discussed and the charting will be revised considering agreed changes.

vii. Interpreting the data

Influenced by the key study objectives, JB will interpret he data by using the matrix to compare across
categories and codes, between and within individual participant data to identify any connections or patterns.
Codes and categories will be mapped to the COM-B framework and developed into themes and subthemes.
Themes and subthemes will be further developed in discussion with AT.

viii. Validation of Themes and Subthemes
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The MLCFPAG and study steering group committee will be provided with the opportunity to review the
pseudonymised research findings(89). This feedback will be discussed with AT and the themes and subthemes
will be refined in response to feedback received.

Quantitative and Qualitative Data Integration

The quantitative (descriptive statistical summary of nutrient, food intake, and physical activity data) and
qualitative results (themes and subthemes) will be integrated using joint display analysis (90, 91). The data sets
will be illustrated together to enable them to be compared and explored to identify and understand contextual
factors that influence diet and physical activity behaviours, how perceptions compare to quantitative data.

Relevant health behaviour theories will be examined to explain the psychological mechanism of action of the
behaviours and a preliminary logic model will be constructed.

The results will be used to formulate guiding principles for CF weight management programme.

6. Project setting

This study will recruit participants from 4 sites; West Midlands Adult CF Centre, University Hospitals
Birmingham, Heartlands Hospital (WMACFC) and Sheffield Adult CF Centre, Northern General Hospital,
Sheffield (SACFC), North West Midlands Cystic Fibrosis Centre, Royal Stoke University Hospital NHS Trust(
NWMCFC) and Wolfson Cystic Fibrosis Centre, Nottingham University Hospital NHS Trust (WCFC)

Study visits will take place at the WMACFC/SACFC/NWMCFC/WCFC, the participants home or virtually via a
video-conferencing platform using a University of Birmingham Zoom®© or MS Teams© accessed via the
university’s secure server.

7. Participant recruitment

7.1. Eligibility criteria
Inclusion Criteria

- Registered at WMACFCSACFC,WMCFC or WCFC

- Confirmed diagnosis of CF with genotype

- Clinically stable (no respiratory exacerbation within previous) 28 days
- >18years

- BMI >25kg/m?

- Prescribed CFTR modulator therapy

- Able to give informed consent

Exclusion Criteria

- Pregnant

- Diagnosis of an eating disorder

- Currently a hospital inpatient

- Currently being screened for CFRD using flash glucose monitoring

- Currently receiving treatment for DIOS or acute constipation

- Currently receiving oral or IV antibiotics for respiratory exacerbation

- Currenlty prescribed an increased dose of glucocortocid ( above usual maintainence dose)

7.2. Sampling
7.2.1. Size of sample

The sample size will be a minimum of 30 with maximum of 60. (1). As this is a purposive sample, a sample size
has not been calculated. This sample size of 30-60 has been considered sufficient to characterise the target
population, their diet and physical activity behaviours and to achieve data saturation.
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Twenty participants will be selected to take part in a semi-structured data prompted interview. Interview
participants will be selected to maximise variation and has been suggested as sufficient when there is a specific
research question (74). Following initial analysis of 20 interviews, if new issues emerge after these interviews,
further sampling will be employed for additional participants to take part in data prompted interviews to reach
data saturation.

Sampling technique

Potential participants will be identified from the database of patients registered at the West Midlands Adult CF
Centre,Sheffield Adult CF Centre, North West Midlands Cystic Fibrosis Centre,Stoke and Wolfson Cystic Fibrosis
Centre, Nottingham. by the clinical team. Eligibility screening of potential participants at West Midlands Adult
Cystic Fibrosis Centre will be undertaken by the Chief Investigator, Joanne Barrett who is also a member of the
clinical team. Eligibility screening of potential participants at Sheffield Adult CF Centre, North West Midlands
Cystic Fibrosis Centre, Stoke and Wolfson Cystic Fibrosis Centre, Nottingham will be undertaken by the sites
Principal Investigators who are a members of the clinical teams. Patient medical records will be reviewed and
patients with “opt out” of research on their medical records will not be invited to take part. If an individual
meets all the inclusion criteria and none of the exclusion criteria they will be invited to participate in the study
by a member of the clinical team by phone, and during hospital inpatient admissions or outpatient
appointments (video-call and face-to-face).

7.3. Recruitment

Before any site can enrol patients into the study, the Chief Investigator/Principal Investigator or designee will
ensure that appropriate approvals from participating organisations are in place and any required agreements
are in place.

7.3.1. Sample identification

The Chief or Principal Investigator (and member of the participants clinical team), member of the participants
CF Team will invite eligible participants to take part in the study during outpatient appointments, hospital
admissions and home visits. Eligible participants will also be contacted directed by phone, email, or letter
outside of any clinical appointments. This is a group of patients who due to improved health, and receiving
treatment at a regional centre alternate between face to face and virtual outpatient appointments. Therefore,
recruitment contacts may be undertaken by phone, video, or face to face contact.

The study will be advertised in WMACFC/SACFC/NWMCFC/WCFC newsletters, posters, and flyers at the CF
centres, published on the centre websites, www.heartlandscf.org and social media.

7.3.2. Consent

Potential participants who express an interest in taking part in the study will be provided with a participant
information sheet (PIS). If this discussion takes place by phone or video call the patient will be emailed a copy
using the email address registered with their hospital contact details from a secure NHS email account.
Alternatively, they can request a copy by post.

At these contacts, the research study details will be explained to the patient; what participation involves, how
it will be beneficial to the treatment of cystic fibrosis, any potential risks of the study, and the right to
withdraw from the study at any time. They will have the opportunity to ask questions.

Potential participants will have time to consider if they would like to take part in the research and will receive
a follow up phone call a minimum of 7 days after the first recruitment contact from the chief investigator.
Alternatively, they may receive a follow up contact at their next outpatient appointment at the CF centre.
There is no minimum timeframe between receiving information about the study and giving informed consent
defined by the World Medical Association Declaration of Helsinki (92), Good Clinical Practice Guidelines (93)
and the UK Policy Framework for Health and Social Care (94). If willing, individuals can provide informed
consent on the same day they receive the invitation and PIS.
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If they decide they would like to participate in the study, a mutually convenient time will be arranged with the
participant to obtain written informed consent At this contact, participants will again be provided with the
opportunity to ask questions about the research, what will be required during their participation, any possible
risks that could occur and how they can withdraw at any time without giving a reason. It will be explained that
if they decide to withdraw before their data analysis has been completed any information collected about
them will be securely destroyed. If they withdraw after the study data set has been collated and analysed, it
may not be possible to withdraw their data. Study visit 1 will take place after informed consent has been
obtained. It is likely that this will occur on the same day following informed consent to minimise participant
visits. This adheres to guidance on consent from the Health Research Authority (95).

If the participant is selected for interview, the Chief Investigator will be provided will the participants the
contact details by the Principal Investigator to arrange a suitable date, time, and location for interview to take
place. Consent for this access will be explicitly gained prior to any interaction between the Chief Investigator
and the participant through discussion with the local Pl and the participant, and will be recorded on the study
consent form and in the case report form.

Original paper copies of all consent forms will be kept in the study site file, the participant will be given a
photocopy and a scanned copy will be uploaded to the patient’s electronic medical record saved in the
electronic site master file on a password protected server at the University of Birmingham (see DMP).

Confirmation of consent and ongoing participation will be verified at the start of each study contact and they
will have another opportunity to ask questions.

8. Storage and analysis of human tissue
Not applicable to this study

9. Safety reporting

We do not envisage any safety reporting will be required for this study as participants will not be exposed to
the potential for any adverse events recording food intake, having body composition measured or monitoring
physical activity, or taking part in an interview. University of Birmingham QMS procedures will be followed.

[0. Ethical and regulatory considerations

10.1.  Assessment and management of risk

The potential risk of this study is that participants may find it difficult recording their food intake and physical
activity, and discussing their experiences. Additionally, they may feel self-conscious wearing the physical
activity monitor on their wrist. Maintaining nutritional status to improve health and life expectancy has been a
constant burden for many people living with CF. The recent introduction of CFTR modulator therapy has
caused a significant change in their health and many have gained a significant amount of weight. Some people
have struggled with this change and it has had a negative impact on their mental health. Participation in this
study may signal a transition to them living with and managing CF differently.

Only trained clinical NHS staff will measure participant’s weight and body composition at the NHS sites.

All participants will be provided with the contact details of the Chief Investigator (JB) and their CF Team to
contact for support if they experience any distress or anxiety whilst recording their food intake or physical
activity. If during the data prompted interview, they become distressed discussing their experiences, the Chief
Investigator (JB) will stop the interview. The interview will be recommenced when the participant indicates
they are ready, or terminated if the participant does not wish to continue. If the interview is terminated, the
participant will be asked if they wish to continue to take part in the study. If they chose to continue to
participate a new interview date will be arranged. If they decide not to continue to take part in the study, a
debrief will take place and their participation will end.

Any participants who disclose any psychological distress to the Cl, Pl, or member of the CF Team, at any time

during the study, the participant will be offered referral to psychological services at their CF Centre.
Alternatively, if preferred they will be provided with information on how to access these services.
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If the Chief Investigator (JB) identifies or suspects significantly harmful eating or physical activity behaviours or
disclosure of these at interview, the researcher will inform the participant of their safe guarding concerns and
advise them that it is their duty of care to inform their CF Consultant. They will also be offered referral to CF
Centre psychology services. If the participant discloses any financial difficulties, they will be sign posted to
contact their social work team.

10.2. Research ethics committee (REC) and other regulatory review & reports

Before the start of the study, HRA approval and a favourable opinion will be sought from a REC for the study
protocol, informed consent forms and other relevant documents e.g. advertisements.

The University of Birmingham will be sponsor for the study.

All study documentation will be supplied for review. Recruitment will only commence once all essential and
required ethical and governance approvals have been granted and permission to proceed confirmed.

The Cl will notify the NHS REC and sponsor of the end of the study. It is the CI’s responsibility to produce the
annual and final reports as required and notify the NHS REC and sponsor of the end of the study. An end of
study form will be submitted to the NHS REC and sponsor within 90 days of when study is declared ended.
Within one year after the end of the study, the Cl will submit a final report with the results, including any
publications/abstracts, to the NHS REC and sponsor.

If the study is ended prematurely, the Cl will notify the NHS REC and sponsor, including the reasons for the
premature termination.

All correspondence with the NHS REC will be retained in the electronic Study Master File on a password
protected computer server at University of Birmingham and the Investigator Site File at University Hospitals
Birmingham,Sheffield Teaching Hospitals (Northern General),, Royal Stoke University Hospital NHS Trust and
Nottingham University Hospital NHS Trust . The investigator site file will be stored in a locked filing cabinet in a
locked office at WMACFC/SACFC/NWMCFC/WCFC. Additionally, a paper copy of the Trial Master File will be
located in a locked filing cabinet and office at University Hospitals Birmingham.

10.2.1. Regulatory review & compliance

The ClI will be responsible for ensuring that participants will not be enrolled into the study, until all required
approvals are in place.

10.2.2. Amendments

For any amendment to the study, the Chief Investigator or designee, in agreement with the sponsor will
submit information to the appropriate body in order for them to issue approval for the amendment. The Chief
Investigator or designee will work with sites (R&D departments at NHS sites as well as the study delivery team)
so they can put the necessary arrangements in place to implement the amendment to confirm their support
for the study as amended.

The Cl will discuss proposed amendments with members of the research team. Amendments must be agreed
by all members of the research team. The ClI will submit all proposed amendments to the sponsor to decide
whether an amendment is substantial or non-substantial for the purposes of submission to the NHS REC. Any
amendments will not be implemented until all required approvals are received. Any required amendments to
the NHS REC application or the supporting documents will be submitted to the NHS REC with a valid notice of
amendment. Substantial amendments that require review by NHS REC will not be implemented until the REC
grants a favourable opinion for the study amendment and mechanisms are in place to implement these.

Once amendment approval is issued the protocol will be updated. A copy of the updated protocol will be
recorded in the protocol version log (with updated date of update and version number) will be saved in the
electronic Study Master File at University of Birmingham and the Investigator Site File at University Hospitals
Birmingham Sheffield Teaching Hospitals (Northern General),Royal Stoke University Hospital NHS Trust and
Wolfson Nottingham University Hospital NHS Trust .
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10.3. Peer review

The study design and proposal will be internally reviewed and agreed by the Chief Investigators supervisory
team at University of Birmingham, and research and development governance office before initiation.

Further peer review has been undertaken as part of the application process for the NIHR Doctoral fellowship
Award Scheme which is funding this research.

Peer review will be undertaken on submission of this protocol for publication in a peer-reviewed journal.

10.4. Patient & public involvement

The Morelife with CF Patient Advisory Group was established for this research (MLCFPAG) and there are Lead
Partners for this research; Mrs Jane Bull and Mrs Carly Beale. A series of online meetings were conducted by
the Chief Investigator (JB) with the MLCFPAG to gather feedback on the study design and methods, interview
schedule, trial of food diary app and all patient facing documents. Open feedback and questions were invited
at the sessions and the group was also able to provide feedback using an anonymous online Jamboard®.
Additionally, online anonymous surveys were conducted to gather feedback from the WMACFC population.
The key points from feedback were as follows;

- 4 days food diary records and 14 days physical activity monitoring was acceptable

- The MyFood24 food diary smart phone app has been chosen for participants to record food intake as
it was preferred to an alternative app.

- The terminology that is acceptable to be used in the protocol should be ‘overweight’

- The terminology that should be used in participant information and study adverts should be
unwanted weight gain (most popular) followed by high BMI, gene modulator weight, excess weight

- Participants should be sign posted to social work if financial difficulties become apparent during
interviews

- Theinterview schedule had the following amendments in response to feedback — to start with
exploring experience of CFTR modulator therapy and weight and to include questions about diet and
physical activity when people are well/unwell.

- The Participant Information Sheet had the following amendments; to include an explanation on why
participants would be asked to about household income and educational status and to change the
order of point 9 and 10, to include a short explanation of what the study is about at the start of the
PIS.

- Anincentive should be offered to participants for taking part in the research —a £10 Amazon voucher

10.5. Protocol compliance

Accidental protocol deviations can happen at any time. They must be adequately documented on the relevant
forms and reported to the Chief Investigator and Sponsor immediately.

Deviations from the protocol which are found to frequently recur are not acceptable, will require immediate
action and could potentially be classified as a serious breach.

Any protocol deviation will be documented and filed in the investigator Site Files and a scanned electronic
copy stored in the Master File at University of Birmingham. It will be reported to the Cl and sponsor
immediately.

10.6.  Data protection and confidentiality

All investigators and study site staff will comply with the with Caldicott Principles and requirements of the Data
Protection Act 2018 and UK GDPR Policy with regards to the collection, storage, processing, and disclosure of
personal information and will uphold the act’s core principles(96, 97). Study data transferred between
University Hospitals Birmingham,Sheffield Teaching Hospitals, Centre, Royal Stoke University Hospital NHS
Trust, Nottingham University Hospital NHS Trust and University of Birmingham will take place in accordance
with secure NHS and University of Birmingham transfer policies.

Participant name, email address, date of birth, sex and food intake data logged in the MyFood24 app will be
stored by Dietary Assessment Ltd (MyFood24). This data will only be accessible by the Chief Investigator
Joanne Barrett via a password protected login, the participant via their personal password protected login and
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Dietary Assessment Ltd as data processor. At the end of the study, and for any participants who are withdrawn
or request to be withdrawn, the Chief Investigator Joanne Barrett, will delete all participant data from the
MyFood24 platform. This will automatically be deleted from any MyFood24 cloud storage. In any event, it will
be deleted from the myfood24 system after a maximum of six years from the end of the study.

No data will be stored outside of the UK.

Participant screening log, identifier log ,enrolment log, signed informed consent forms, participant invitation
letter/email and GP letters will be stored in the investigator site files at University Hospitals Birmingham,
Sheffield Teaching Hospitals (Northern General), Royal Stoke University Hospital NHS Trustand Nottingham
University Hospital NHS Trust .

Pseudonymised participant Case Report Forms and paper food diaries will be stored in the investigator site
files at University Hospitals Birmingham and Sheffield Teaching Hospitals (Northern General), Royal Stoke
University Hospital NHS Trust, and Nottingham University Hospital NHS Trust .and electronically on a password
protected server (research data storage) at University of Birmingham (see DMP).

Pseudononymised participant physical activity data will be stored on a password protected secure server at
University of Birmingham(research data storage) (see DMP).

Pseudonymised participant food intake data will be stored on the MyFood24 (Dietary assessment Ltd) secure
server and electronically in the master site file on a password protected server (research data storage) at
University of Birmingham (see DMP).

Pseudonymised participant interview transcripts and complete study data set excel spreadsheet will be stored
on a password protected server (research data storage) at University of Birmingham (see DMP).

Once the transcriptions of the audio and video recordings have been transferred to a password protected
University of Birmingham server and transcriptions have been checked for accuracy and pseudonymised, the
interview audio and video recordings will be securely deleted.Only the pseudonymised transcriptions will be
stored electronically in a file on a password protected server at University of Birmingham (see DMP).

Dr Sally Fenton, will be the data custodian.
Data will be stored as outlined in the Data Management Plan (DMP).
All study documents and data will be stored for 10 years after the end of study.

10.7. Indemnity

The University has in force a Public Liability Policy and/or Clinical Trials policy which provides cover for claims
for "negligent harm" and the activities here are included within that coverage.

10.8.  End of study and archiving

The completion of the last scheduled study visit of the 60" participant will be considered the end of study.

Study documentation and data will be archived for at least 10 years after completion of the study in University
of Birmingham Research Data Archive.

The Sponsor will advise of the archiving requirements as part of the site closure process if required.

10.9.  Access to the final dataset

The following individuals will have access to full dataset:

Joanne Barrett Specialist Cystic Fibrosis Dietitian and NIHR Doctoral Fellow (Chief Investigator)
Annie Topping Professor of Nursing

Alice Turner Respiratory Consultant and Professor of Respiratory Medicine

Sally Fenton Associate Professor of Lifestyle Behaviour Change

Additionally other Health Care Professional or Academics individuals who may join the research team during
the study. They will be supervised by the Cl or CI’s supervision team and will receive relevant research
governance and data protection training.
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I 1. Dissemination policy

11.1. Dissemination policy
The data will be owned by the, University of Birmingham and National Institute for Health and Care Research.

On completion of the project, the data will be analysed and a final report prepared. The full study report will
be stored on a password protected university computer file.

After the final report has been prepared. Study participants will be provided with a summary of the findings by
post. Research findings will be disseminated to relevant patient user groups through newsletters, website
posts, social media, and public presentations.

The findings will be submitted to an international Cystic Fibrosis Conference and peer reviewed journal. The
National Institute for Health and Care Research will be acknowledged in reports and publications as the funder
of this research.

11.2.  Authorship eligibility guidelines and any intended use of professional writers

The following people with have authorship on the final study report;

Joanne Barrett Specialist Cystic Fibrosis Dietitian and NIHR Doctoral Fellow Chief Investigator

Sally Fenton Associate Professor in Lifestyle Behaviour Change, University of Birmingham

Annie Topping Professor of Nursing, University of Birmingham

Alice Turner Respiratory Consultant and Professor of Respiratory Medicine, University of Birmingham
Helen White, Associate Lecturer, Leeds Beckett University

Joanna Whitehouse, Cystic Fibrosis Consultant, West Midlands Adult Cystic Fibrosis Centre

Ailsa Milne, Cystic Fibrosis Dietitian, Sheffield Adult CF Centre, Sheffield Teaching Hospitals
Martin Wildman, Cystic Fibrosis Consultant, Sheffield Adult CF Centre, Sheffield Teaching Hospitals

Hannah King, Cystic Fibrosis Dietitian, Wolfson Cystic Fibrosis Centre, Nottingham University Hospital NHS
Trust (WCFC).

Darren Sills, Cystic Fibrosis Dietitian, Wolfson Cystic Fibrosis Centre, Nottingham University Hospital NHS Trust
(WCFC)

Heather Seabridge, Cystic Fibrosis Dietitian, North West Midlands Cystic Fibrosis Centre, Royal Stoke University
Hospital NHS Trust ( NWMCFC)

Protocol version number & date: v2.1 14.3.2025 Page 24 of 30



=g UNIVERSITYOF PROTOCOL
PAJ BIRMINGHAM 2109

2. References

1. Cystic Fibrosis T. UK Cystic Fibrosis Registry Annual Data Report 2022. London ,UK: Cystic Fibrosis
Trust; 2023. Contract No.: Report.

2. Lopes-Pacheco M. CFTR Modulators: The Changing Face of Cystic Fibrosis in the Era of Precision
Medicine. Frontiers in pharmacology. 2020;10:1662.

3. Elborn JS. Cystic fibrosis. The Lancet. 2019;388(10059):2519-31.

4, Board NC. Clinical Commissioning Policy:lvacaftor for Cystic Fibrosis. NHS Commissioning Board; 2013.
5. Ivacaftor, tezacaftor/ivacaftor,lumacaftor/ivacaftor and elexacaftor/tezacaftor/ivacaftor for licensed
and off-label use in patients with cystic fibrosis who have named mutations [press release]. NHS England2023.
6. Balfour-Lynn IM, King JA. CFTR modulator therapies — Effect on life expectancy in people with cystic
fibrosis. Paediatric respiratory reviews. 2020.

7. Middleton PG, Mall MA, Drevinek P, Lands LC, McKone EF, Polineni D, et al. Elexacaftor—Tezacaftor—

Ivacaftor for Cystic Fibrosis with a Single Phe508del Allele. The New England journal of medicine.
2019;381(19):1809-19.

8. Heijerman HGM, McKone EF, Downey DG, Van Braeckel E, Rowe SM, Tullis E, et al. Efficacy and safety
of the elexacaftor plus tezacaftor plus ivacaftor combination regimen in people with cystic fibrosis
homozygous for the F508del mutation: a double-blind, randomised, phase 3 trial. The Lancet (British edition).
2019;394(10212):1940-8.

9. Cystic Fibrosis T. Nutritional Management of Cystic Fibrosis. 2nd Edition ed. London: Cystic Fibrosis
Trust; 2016.

10. Cystic Fibrosis T. Standards of Care and Good Clinical Practice for the Physiotherapy Management of
Cystic Fibrosis. London, UK: Cystic Fibrosis Trust; 2017. Contract No.: Report.

11. Hanna RM, Weiner DJ. Overweight and obesity in patients with cystic fibrosis: a center-based analysis.
New York, N.Y.] :2015. p. 35-41.

12. Harindhanavudhi T, Wang Q, Dunitz J, Moran A, Moheet A. Prevalence and factors associated with

overweight and obesity in adults with cystic fibrosis: A single-center analysis. Journal of cystic fibrosis : official
journal of the European Cystic Fibrosis Society. 2019.

13. Gramegna A, Aliberti S, Contarini M, Savi D, Sotgiu G, Majo F, et al. Overweight and obesity in adults
with cystic fibrosis: An Italian multicenter cohort study. Journal of cystic fibrosis. 2021.
14. Kutubudin F, Pandya S, Nazareth D, Walshaw M. ePS4.02 The weight of the problem: obesity in

people with cystic fibrosis. Journal of cystic fibrosis. 2020;19:546-S.

15. Shelley J, Boddy L, Knowles Z, Stewart C, Frost F, Nazareth D, et al. Physical activity assessment and
vascular function in adults with cystic fibrosis and their non-CF peers. Journal of sports sciences.
2022;40(16):1837-48.

16. Aznar. S. GC, Fiuza-Luces. C., Santana-Sosa. E., Lopez-Mojares. L.M., Santalla. A., Rodriguez-Romo. G.,
Pérez. M., Garatachea. N., Lucia. A. Levels of moderate—vigorous physical activity are low in Spanish children
with cystic fibrosis: A comparison with healthy controls. Journal of cystic fibrosis : official journal of the
European Cystic Fibrosis Society. 2014;13:335-40.

17. Barrett J, Patel,N., Rashid, R., Whitehouse, J.L. BMI change in adult patients with CF following the
introduction of triple CFTR therapy - ivacaftor/tezacaftor/elexacaftor a regional adult CF centre experience.
45th European Cystic Fibrosis Conference2022.

18. Szentpetery S, Fernandez GS, Schechter MS, Jain R, Flume PA, Fink AK. Obesity in Cystic fibrosis:
prevalence, trends and associated factors data from the US cystic fibrosis foundation patient registry. J Cyst
Fibros. 2022;21(5):777-83.

19. Petersen MC, Begnel L, Wallendorf M, Litvin M. Effect of elexacaftor-tezacaftor-ivacaftor on body
weight and metabolic parameters in adults with cystic fibrosis. J Cyst Fibros. 2022;21(2):265-71.

20. Proud D, Duckers J. Weight a minute: Exploring the effect on weight and body composition after the
initiation of elexacaftor/tezacaftor/ivacaftor in adults with CF. J Cyst Fibros. 2023.

21. Ronan NJ, Elborn JS, Plant BJ. Current and emerging comorbidities in cystic fibrosis. La Presse
Médicale. 2017;46(6, Part 2):e125-e38.

Protocol version number & date: v2.1 14.3.2025 Page 25 of 30



= UNIVERSITYOF PROTOCOL

Py BIRMINGHAM 2109
22. Ezzati M, Riboli E. Behavioral and Dietary Risk Factors for Noncommunicable Diseases. The New
England journal of medicine. 2013;369(10):954-64.

23. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Impact of Physical Inactivity on the
World’s Major Non-Communicable Diseases. 2012. p. 219-29.

24, Alvarez JA, Ziegler TR, Millson EC, Stecenko AA. Body composition and lung function in cystic fibrosis
and their association with adiposity and normal-weight obesity. 2016. p. 447-52.

25. lonescu AA, Evans WD, Pettit RJ, Nixon LS, Stone MD, Shale DJ. Hidden Depletion of Fat-Free Mass
and Bone Mineral Density in Adults With Cystic Fibrosis. Chest. 2003;124(6):2220-8.

26. King S, Wilson J, Kotsimbos T, Bailey M, Nyulasi I. Body composition assessment in adults with cystic

fibrosis: comparison of dual-energy X-ray absorptiometry with skinfolds and bioelectrical impedance analysis.
Nutrition. 2005;21(11):1087-94.

27. Rhodes B, Nash EF, Tullis E, Pencharz PB, Brotherwood M, Dupuis A, et al. Prevalence of dyslipidemia
in adults with cystic fibrosis. Journal of cystic fibrosis. 2010;9(1):24-8.

28. Bellissimo MP, Zhang |, lvie EA, Tran PH, Tangpricha V, Hunt WR, et al. Visceral adipose tissue is
associated with poor diet quality and higher fasting glucose in adults with cystic fibrosis. 2019. p. 430-5.

29. Coderre L, Fadainia C, Belson L, Belisle V, Ziai S, Maillhot G, et al. LDL-cholesterol and insulin are
independently associated with body mass index in adult cystic fibrosis patients. 2012. p. 393-7.

30. Cannon CP. Cardiovascular disease and modifiable cardiometabolic risk factors. Clin Cornerstone.
2007;8(3):11-28.

31. Poore TS, Taylor-Cousar JL, Zemanick ET. Cardiovascular complications in cystic fibrosis: A review of
the literature. J Cyst Fibros. 2022;21(1):18-25.

32. Frost F, Nazareth D, Fauchier L, Wat D, Shelley J, Austin P, et al. Prevalence, risk factors and outcomes
of cardiac disease in cystic fibrosis: a multinational retrospective cohort study. Eur Respir J. 2023;62(4).

33. Barrett J, Slatter, G., Whitehouse, J.L.,Nash, E.F. Perception, experience and relationship with food
and eating in adults with cystic fibrosis. Journal of human nutrition and dietetics. 2021:1-8.

34. Bass RM, Tindall A, Sheikh S. Utilization of the Healthy Eating Index in Cystic Fibrosis. Nutrients.
2022;14(4):834.

35. Caley LR, Jarosz-Griffiths HH, Smith L, Gale L, Barrett J, Kinsey L, et al. Body mass index and nutritional

intake following Elexacaftor/Tezacaftor/lvacaftor modulator therapy in adults with cystic fibrosis. J Cyst Fibros.
2023.

36. Stallings VA, Sainath N, Oberle M, Bertolaso C, Schall JI. Energy Balance and Mechanisms of Weight
Gain with Ivacaftor Treatment of Cystic Fibrosis Gating Mutations. The Journal of pediatrics. 2018;201:229-
37.e4.

37. Cox NS, Alison JA, Button BM, Wilson JW, Morton JM, Holland AE. Physical activity participation by
adults with cystic fibrosis: An observational study. Respirology (Carlton, Vic). 2016;21(3):511-8.

38. Hebestreit H, Schmid K, Kieser S, Junge S, Ballmann M, Roth K, et al. Quality of life is associated with
physical activity and fitness in cystic fibrosis. BMC pulmonary medicine. 2014;14(1):26.

39. Scheiderman Jane E, Wilkes DL, Ratjen F, Atenafu EG, Nguyen T, Wells Greg D, et al. Longitudinal
relationship between physical activity and lung health in patients with cystic fibrosis. The European respiratory
journal. 2014;43(3):817-23.

40. Orava C, Fitzgerald J, Figliomeni S, Lam D, Naccarato A, Szego E, et al. Relationship between Physical
Activity and Fatigue in Adults with Cystic Fibrosis. Physiother Can. 2018;70(1):42-8.

41. Hebestreit H, Kieser S, Rudiger S, Schenk T, Junge S, Hebestreit A, et al. Physical activity is
independently related to aerobic capacity in cystic fibrosis. Eur Respir J. 2006;28(4):734-9.

42. Tejero Garcia SMDP, Girdldez Sdnchez MAMDP, Cejudo PMDP, Quintana Gallego EMDP, Dapena
JMDP, Garcia Jiménez RMDP, et al. Bone Health, Daily Physical Activity, and Exercise Tolerance in Patients With
Cystic Fibrosis. Chest. 2011;140(2):475-81.

43, Prévotat A, Godin J, Bernard H, Perez T, Le Rouzic O, Wallaert B. Improvement in body composition

following a supervised exercise-training program of adult patients with cystic fibrosis. Respiratory medicine
and research. 2019;75:5-9.

Protocol version number & date: v2.1 14.3.2025 Page 26 of 30



=g UNIVERSITYOF PROTOCOL
PAJ BIRMINGHAM 2109

44, Hebestreit H, Kieser S, Junge S, Ballmann M, Hebestreit A, Schindler C, et al. Long-term effects of a
partially supervised conditioning programme in cystic fibrosis. The European respiratory journal.
2009;35(3):578-83.

45, Beaudoin N, Bouvet Guillaume F, Coriati a, Rabasa-Lhoret R, Berthiaume Y. Combined Exercise
Training Improves Glycemic Control in Adult with Cystic Fibrosis. Medicine and science in sports and exercise.
2017;49(2):231-7.

46. Kriemler S, Kieser S, Junge S, Ballmann M, Hebestreit A, Schindler C, et al. Effect of supervised training
on FEV1 in cystic fibrosis: A randomised controlled trial. Journal of cystic fibrosis. 2013;12(6):714-20.

47. Elce A, Nigro E, Gelzo M, lacotucci P, Carnovale V, Liguori R, et al. Supervised physical exercise
improves clinical, anthropometric and biochemical parameters in adult cystic fibrosis patients: A 2-year
evaluation. The clinical respiratory journal. 2018;12(7):2228-34.

48. Bianchim MS, McNarry MA, Barker AR, Williams CA, Denford S, Holland AE, et al. Sleep, Sedentary
Time and Physical Activity Levels in Children with Cystic Fibrosis. Int J Environ Res Public Health. 2022;19(12).
49, Creswell JW. Research design : qualitative, quantitative, and mixed methods approaches. Sixth edition
/John W. Creswell, J. David Creswell. ed. Creswell JD, editor: Los Angeles : SAGE, 2022.; 2022.

50. Morgan DL. Paradigms Lost and Pragmatism Regained: Methodological Implications of Combining
Qualitative and Quantitative Methods. Journal of Mixed Methods Research. 2007;1(1):48-76.

51. Creswell JW. Designing and conducting mixed methods research / John W. Creswell, Vicki L. Plano

Clark. In: Plano Clark VL, editor. Third edition.; International student edition. ed: Los Angeles : SAGE, 2018;
2018.

52. Lewis J, Ritchie J. Qualitative research practice : a guide for social science students and researchers /
edited by Jane Ritchie and Jane Lewis. London: London : Sage; 2003.

53. Maxwell JA MK. Realism as a Stance for Mixed Methods Research. SAGE Handbook of Mixed Methods
in Social & Behavioral Research. Thousand Oaks, California: SAGE Publications,; 2010.

54. Michie S, Atkins L, West R. The behaviour change wheel A Guide to Designing Interventions. first ed.
Great Britain: Silverback Publishing; 2014.

55. Barrett J. Cystic Fibrosis Health Care Professional Experiences and Perceptions of Managing

Overweight and Obesity in Adults with Cystic Fibrosis treated with Cystic Fibrosis Transmembrane
Conductance Regulator Therapy. [Research Protocol]. In press 2023.

56. Yardley L, Morrison L, Bradbury K, Muller I. The person-based approach to intervention development:
application to digital health-related behavior change interventions. Journal of medical Internet research.
2015;17(1):e30.

57. Heyward V.H. W, D.R. Bioelectrical Impedance Analysis Method. Applied Body Composition
Assessment. 16. 2nd ed. Champaign, IL: Human Kinetics; 2004. p. 87-98.

58. Cade J. MyFood 24 Leeds, UK.: University of Leeds; 2018 [Available from:
https://www.myfood24.org/?hsLang=en.

59. Willett W. Nature of Variation in Diet. In: Willett W, editor. Nutritional Epidemiology. 3rd ed. Oxford:
Oxford University Press; 2012. p. 34-48.

60. Baranowski T. 24-Hour Recall and Diet Record Methods. In: Willett W, editor. Nutritional
Epidemiology. 3rd ed. Oxford: Oxford University Press; 2012. p. 49-69.

61. OHID. National Diet and Nutrition Survey 2016 [Available from:
https://www.gov.uk/government/collections/national-diet-and-nutrition-survey.

62. Cade JE, Warthon-Medina M, Albar S, Alwan NA, Ness A, Roe M, et al. DIET@NET: Best Practice
Guidelines for dietary assessment in health research. BMC Medicine. 2017;15(1):202.

63. Carter MC, Albar SA, Morris MA, Mulla UZ, Hancock N, Evans CE, et al. Development of a UK Online
24-h Dietary Assessment Tool: myfood24. Nutrients. 2015;7(6):4016-32.

64. Sharp DB, Allman-Farinelli M. Feasibility and validity of mobile phones to assess dietary intake.
Nutrition. 2014;30(11-12):1257-66.

65. Bingham SA, Gill C, Welch A, Cassidy A, Runswick SA, Oakes S, et al. Validation of dietary assessment

methods in the UK arm of EPIC using weighed records, and 24-hour urinary nitrogen and potassium and serum
vitamin C and carotenoids as biomarkers. Int J Epidemiol. 1997;26 Suppl 1:5137-51.

Protocol version number & date: v2.1 14.3.2025 Page 27 of 30


https://www.myfood24.org/?hsLang=en
https://www.gov.uk/government/collections/national-diet-and-nutrition-survey

= UNIVERSITYOF PROTOCOL

%y BIRMINGHAM 2109
66. Gibson RS, Charrondiere UR, Bell W. Measurement Errors in Dietary Assessment Using Self-Reported
24-Hour Recalls in Low-Income Countries and Strategies for Their Prevention. Adv Nutr. 2017;8(6):980-91.

67. Caspersen CJ, Powell KE, Christenson GM. Physical Activity, Exercise, and Physical Fitness: Definitions
and Distinctions for Health-Related Research. Public Health Rep. 1985;100(2):126-31.

68. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, et al. Sedentary

Behavior Research Network (SBRN) — Terminology Consensus Project process and outcome. International
Journal of Behavioral Nutrition and Physical Activity. 2017;14(1):75.

69. Sasaki JE, da Silva KS, Gongalves Galdino da Costa B, John D. Chapter 2 - Measurement of Physical
Activity Using Accelerometers. Elsevier Inc; 2016. p. 33-60.

70. Aadland E, Ylvisaker E. Reliability of Objectively Measured Sedentary Time and Physical Activity in
Adults. PLoS One. 2015;10(7):e0133296.

71. Cheyette C, balolia Y. Carbs and Cals: A Visual Guide to Carbohydrate and Calorie Counting for People
with Diabetes. Second Edition ed: Chello Publishing; 2010 July 2010.

72. Actilife 6.2 ed. Pensacola, Florida, USA: Actigraph, LLC.

73. Lyle J. Stimulated recall: a report on its use in naturalistic research. British Educational Research
Journal. 2003;29(6):861-78.

74. Green J, Thorogood N. Qualitative methods for health research In: Thorogood N, editor. London:
London : SAGE; 2004.

75. SPSS. 27 ed: IBM.com.

76. MyFood24. 2.0 ed. Leeds, UK: Dietary Assessment Ltd.

77. Merrill AL WB. Energy value of foods: basis and derivation. In: Branch ARSHNR, editor. Maryland: US
Department of Agriculture; 1955.

78. Salmon J. Dietary Reference Values for foods and nutrients in the UK. In: Department of H, editor.
London, UK: HMSO; 1991.

79. (SACN) SACoN. Saturated Fats and Health. London: TSO; 2019.

80. (SACN) SACoN. Dietary Reference Values for Energy. 2011.

81. (SACN) SACoN. Carbohydrates and Health. London: TSO; 2015.

82. Turck D, Braegger CP, Colombo C, Declercq D, Morton A, Pancheva R, et al. ESPEN-ESPGHAN-ECFS

guidelines on nutrition care for infants, children, and adults with cystic fibrosis. Clinical Nutrition.
2016;35(3):557-77.

83. Brage S, Wedderkopp N, Franks PW, Andersen LB, Froberg K. Reexamination of validity and reliability
of the CSA monitor in walking and running. Med Sci Sports Exerc. 2003;35(8):1447-54.

84. Sirard JR, Melanson EL, Li L, Freedson PS. Field evaluation of the Computer Science and Applications,
Inc. physical activity monitor. Med Sci Sports Exerc. 2000;32(3):695-700.

85. Welk GJ, McClain J, Ainsworth BE. Protocols for evaluating equivalency of accelerometry-based
activity monitors. Med Sci Sports Exerc. 2012;44(1 Suppl 1):539-549.

86. Yngve A, Nilsson A, Sjostrom M, Ekelund U. Effect of monitor placement and of activity setting on the
MTI accelerometer output. Med Sci Sports Exerc. 2003;35(2):320-6.

87. International QSR. NVivo. Australia2018.

88. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of
qualitative data in multi-disciplinary health research. BMC medical research methodology. 2013;13(1):117.
89. Creswell JW, Miller DL. Determining Validity in Qualitative Inquiry. Theory into practice.
2000;39(3):124-30.

90. Haynes-Brown TK, Fetters MD. Using Joint Display as an Analytic Process: An lllustration Using Bar

Graphs Joint Displays From a Mixed Methods Study of How Beliefs Shape Secondary School Teachers’ Use of
Technology. International journal of qualitative methods. 2021;20:160940692199328.

91. McCrudden MT, Marchand G, Schutz PA. Joint displays for mixed methods research in psychology.
Methods in Psychology. 2021;5:100067.

Protocol version number & date: v2.1 14.3.2025 Page 28 of 30



g UNIVERSITYOF PROTOCOL

&'y BIRMINGHAM 2109
92. World Medical Association Declaration of Helsinki: ethical principles for medical research involving
human subjects. JAMA. 2013;310(20):2191.

93. European Medicines A. Guideline for good clinical practice E6(R2). 2016. Contract No.: Report.

94, Authority NHSHR. UK Policy Framework for Health and Social Care Research. 2017. Contract No.:
Report.

95. Health Research A. Consent and Participant Information Guidance 2021 [Available from:
https://www.hra-decisiontools.org.uk/consent.

96. Department of H. Caldicott2 Review and Recommendations. 2013.

97. Data Protection Act, (2018).

Protocol version number & date: v2.1 14.3.2025 Page 29 of 30


https://www.hra-decisiontools.org.uk/consent

£d' ] UNIVERSITYOF
gy BIRMINGHAM

PROTOCOL
2109

I3. Appendices

13.1. Appendix 2 — schedule of procedures
Procedures Screening Baseline Visit Number
Eligibility Screening X
Informed Consent X
Demographic and clinical data X 1
collection
Instruction on food intake diary X 1
recording and physical activity monitor
Commence physical activity and food X 1
intake monitoring
Verification of food diary and return of 2
physical activity monitor
Data prompted interview 3

13.2. Appendix 3 -amendment history

implementation of the first approved version

The following amendments and/or administrative changes have been made to this protocol since the

Amendment Date of Protocol Type of
. Summary of amendment
number amendment = version number amendment
. Additional sites and option to post
1 7/10/24 2. |
07/10/ 0 substantia physical activity monitor added
. Addition of interviews by video and
2 08/04/25 2.1 bstantial . ; .
/04/ substantia Darren Sils as Pl at Nottingham site
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