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Abstract

Liver disease is the most rapidly growing chronic disease in the UK. ‘Liver disease’ comprises
a vast range of aetiologies. Non-alcoholic fatty liver disease (NAFLD) is an individual aetiology
that encompasses a range of disease severities, from simple fatty liver through to advanced
fibrosis and cirrhosis of the liver. It is estimated that up to 33% of adults within the Western
population have NAFLD, with up to 11% of those developing advanced liver disease. It is
predicted that by 2030, NAFLD will be the leading indication for liver transplantation. The aim
of this thesis was to assess the potential role of lifestyle intervention as a therapy for

advanced liver disease including patients awaiting liver transplantation.

NAFLD is strongly associated with excessive caloric consumption, sedentary behaviour, and
being overweight/obese. In the absence of approved pharmacological treatments, weight loss
through lifestyle modification is the primary recommended therapy. It has been shown that
a weight loss of >10% body weight is strongly associated with resolution of fibrosis, however,
in practise, only a minority of patients manage to achieve and sustain this magnitude of
weight loss. Following a statistical analysis whereby all thirty participants were considered,
irrespective of whether they completed the intervention, Chapters 3 and 4 demonstrate that
a very low calorie diet (~800kcals/day) is a safe, feasible and acceptable intervention to
achieve a >10% weight loss in 34% of patients with advanced NAFLD to nine months. Chapter
5 describes differences in levels of physical activity and inactivity between patients with
advanced NAFLD and age- and gender-matched healthy controls, further corroborating the
need for targeted physical activity interventions for patients with NAFLD. Specifically, patients
with NAFLD spent more time inactive, and less time engaging in physical activity of light,
moderate, vigorous and moderate-vigorous intensities than age and gender matched healthy
controls. Chapter 6 describes the development of a tailored exercise programme and an
embedded retrospective cohort analysis, targeting the fitness of patients on the liver
transplantation waiting list, would be acceptable to patients. The retrospective cohort
analysis described clinical measures which are obtained as part of the decision making process
to determine suitability for receiving a liver transplant. Data obtained from the retrospective
cohort analysis demonstrated that poor cardiorespiratory fitness and other “unhealthy”
lifestyle behaviours were major determinants of patients not being wait-listed for liver

transplant.



In conclusion, this thesis suggests that lifestyle interventions could be employed as acceptable
and feasible strategies to achieve weight loss and reduce disease progression in patients with
advanced NAFLD. Furthermore, this thesis proposes that clear, structured recommendations
for lifestyle behaviours be implemented into clinical care pathways for patients with lifestyle-

related liver disease across the disease spectrum.
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Introduction

The terminology of ‘liver disease’ refers to a large and pathophysiologically diverse group of
diseases which primarily affect the liver. This thesis will predominantly focus on populations
with non-alcoholic fatty liver disease (NAFLD) and those with end stage liver disease. NAFLD
is associated with excess caloric consumption, low levels of physical activity and being
overweight/ obese. Subsequently, it is estimated that up to 25% of individuals within the
western population have NAFLD (Younossi et al., 2018). Likely associated with the rising levels
of obesity, the prevalence of NAFLD is increasing exponentially, and is the fastest rising
indication for liver transplantation (NHS, 2017, NHS, 2019). In the absence of approved
pharmacological therapies for the treatment of NAFLD, the primary recommended current
treatment is lifestyle modification to achieve weight loss. A weight loss of >10% body weight
has been suggested as having the greatest likelihood of achieving resolution of fibrosis, an
indicator of worsening disease status (Vilar-Gomez et al., 2015). However, in practise, only

10-20% of patients with NAFLD achieve this level of weight loss (Promrat et al., 2010).

Left untreated, NAFLD can progress from simply fatty liver to non-alcoholic steatohepatits
(NASH). This is characterised by the development of worsening fibrosis, which can progress
to cirrhosis and lead to cirrhotic complications. Overall, it is estimated that 5-11% of patients
with NAFLD ultimately develop advanced liver disease. It is as this stage of disease progression
that NAFLD is considered to an indicator for transplantation. Perioperative fitness has been
shown to be a major indicator of post-transplantation survival (Prentis et al., 2012), and
recent studies have indicated that exercise in this cohort of patients is safe and beneficial

(Williams et al., 2019).

The overarching aim of this thesis is to explore the potential role of lifestyle behaviours as
therapeutic interventions in patients with liver disease. Specifically, the data described in this
thesis focuses on the potential for dietary interventions in patients with NAFLD, and the
potential for an exercise programme in patients with end stage liver disease. The thesis is

presented in seven subsequent Chapters. These Chapters are detailed as follows:

Chapter 1: This Chapter reviews the current literature on guidelines and therapies in
patients with liver disease, with a focus on lifestyle, non-alcoholic fatty liver disease and

patients with end stage liver disease awaiting assessment for liver transplantation.
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Chapter 2: This Chapter details the materials and methods used to collect the data

presented in the subsequent studies.

Chapter 3: This Chapter “Feasibility of a very low calorie diet to achieve a sustainable 10%
weight loss in patients with non-alcoholic fatty liver disease” presents the study
investigating the efficacy and feasibility of a very low calorie diet in patients with advanced

non-alcoholic fatty liver disease.

Chapter 4: This Chapter presents the qualitative study investigating the feasibility of a very

low calorie diet in patients with advanced non-alcoholic fatty liver disease.

Chapter 5: This Chapter presents the study investigating objectively measured physical
activity and sleep data in patients with advanced non-alcoholic fatty liver disease and age/
gender matched healthy controls. It also investigated the change of physical activity and

sleep following a very low calorie diet.

Chapter 6: This Chapter presents the development of an exercise intervention for patients

with end stage liver disease awaiting assessment for liver transplantation.

Chapter 7: This Chapter discusses the findings presented in this thesis. Conclusions,

limitations, and future studies are discussed.



Contributions from myself, research team members and other collaborators
towards the data presented within this thesis

Chapter 1

| undertook the comprehensive literature review detailed in Chapter 1. However, all
members of my supervisory team provided guidance towards the structure and overarching
content within the review. Specifically, constructive feedback was provided by three
members (Dr. Kate Hallsworth, Dr. Leah Avery and Dr. Sophie Cassidy) of the supervisory

team following each iteration of the literature review.

Chapter 2

Staff from the Newcastle upon Tyne Hospitals Trust (NuTH) laboratories provided the
relevant information to describe the analytical procedures used to determine biochemical
data obtained from blood samples. Furthermore, NuTH laboratory staff at the Freeman
Hospital undertook all analysis of the blood samples described, with the exception of the
second insulin assay, as described within the Chapter. | undertook the second insulin assays
using stored serum samples from the relevant study visits. Constructive feedback was
provided by three members (Dr. Kate Hallsworth, Dr. Leah Avery and Dr. Sophie Cassidy) of

the supervisory team following each iteration of the methods Chapter.

Chapter 3

The VLCD study was initially conceived by Dr. Hallsworth and Dr. McPherson, who acted as
joint principle investigators. | conducted the majority of the ethical approval, ethical
amendments, site capability and capacity evaluations, under the supervision and ratification
of Dr. Hallsworth and Dr. Cassidy. Similarly, | produced the initial patient facing documents
(such as patient information sheets, invitation letters, informed consent forms and FAQ
documents) and initial drafts of GP letters, which were then ratified by Dr. Hallsworth to
ensure complicity with NuTH and ethical committee standards. | was responsible for
registering the study for CRN portfolio adoption and maintaining official records of patient

recruitment and withdrawal. Pragmatic considerations with regards to study design and



data collection (for example, frequency/structure of study visits) were joint decisions
between Dr. Hallsworth and myself. Alison Barnes, a dietician with Newcastle University,
provided training on delivering a VLCD and advised on the use of the food replacement
products. Nestle Health Sciences provided the food replacement products free of charge
throughout the duration of the study. Potentially eligible patients were identified within
Dietetic services or regular hepatology clinics by Prof. Anstee, Dr. McPherson, Dr. Boyle and

Laura Haigh.

Within the early stages of the very low calorie diet (VLCD) study, blood samples were taken
by nurses within the phlebotomy department within the outpatient services at the Freeman
Hospital, NuTH. In April 2019 | became qualified and certified to undertake the required
venepuncture myself within the NHS domain. However, approximately 5-10% of study visits
thereafter required the support of the outpatient phlebotomy department, as | was not able
to successfully draw blood at all times or from all participants. Commonly, a series of study
visits were undertaken consecutively in the mornings and less commonly, in the afternoons.
The majority of study visit mornings/afternoons had both myself and Dr. Hallsworth in
attendance. On three occasions where Dr. Hallsworth was unavailable, Dr. Guy Taylor (a
colleague within the Population Health Science Institute), attended the study visits, in order
to assist with administrative tasks and anthropemtric data collection. On three occasions |
managed study visit mornings/afternoons by myself, however, staff nurses at the Freeman
Hospital were available should | have needed any support. Dr. Hallsworth managed one
study visit morning when | was unavailable. All study administrative duties were undertaken
by me, such as booking rooms for the study visits within the outpatient department of the
Freeman Hospital and arranging suitable study visits for the participants. All Fibroscan
measures taken at the study visits were undertaken by one of three qualified nurses at the
Freeman Hospital. All other data not yet mentioned, including anthropometric data, blood
pressure, body composition was generally collected between myself and Dr. Hallsworth.
Prof. Quentin Anstee, Dr. McPherson and Dr. Marie Boyle all advised on safety
considerations and were regularly available to consult with when concerns did arise.
Decisions with regards to altering participants’ medications were made by Dr. McPherson.

All data analysis and visualisation was undertaken by myself, although | did consult with a



Statistician within the Faculty of Medical Sciences on two occasions to seek advice on

statistical methods used within this Chapter.

Chapter 4

Within the embedded qualitative study, Dr. Avery conducted five of the semi-structured
interviews at the end of the VLCD phase of the study and provided feedback on my
developed topic guide. With regards to the analysis, Dr. Avery and | independently coded
initial scripts to establish themes, which we then discussed with each other. At the end of
the analysis, we discussed the themes once more, and the subsequent overarching thematic

analysis was conducted by me and supervised and guided by Dr. Avery.

Chapter 5

Dr. Hallsworth, Dr. Cassidy and Dr. Sarah Charman, a colleague within the Population Health
Sciences Institute at Newcastle University, provided advice on the study design and
direction of analysis of the physical activity and sleep data. Colleagues Dr. Taylor and Dr.
Charman were, at the time, conducting accelerometer-based research within healthy
cohorts and we therefore worked together to age and gender match healthy volunteers to
those within the VLCD NAFLD study. Initial analysis of the accelerometer data was
conducted by Dr. Vincent van Hees and | conducted subsequent statistical analyses between

the two aforementioned cohorts and for the data throughout the VLCD study.

Chapter 6

Data presented within Chapter 6 was in part, an element of a larger umbrella study entitled
‘Lifestyle Intervention for patients undergoing Liver Transplant’ (LIFT) which aimed to co-
produce a multi-disciplinary lifestyle intervention for patients on the active liver transplant
waiting list, with patient input. Therefore, ethical approval was obtained by Dr. James
Prentis, an anaesthetist at the Freeman Hospital. Dr. Prentis identified and invited patients
to attend the focus groups. Dr. Avery and Dr. Darren Flynn of Teesside University at times
took the lead with parts of the focus group relating to other elements of the lifestyle

intervention. | lead sections of the focus groups which related to the development of the



exercise and physical activity intervention and subsequently analysed the relevant sections
of the transcript. Data used to inform the retrospective cohort analysis was available
through medical eRecords. Each iteration of the exercise programme received feedback
from Dr. Hallsworth and Dr. Avery, although | was responsible for developing the prototype

intervention in-line with patient and health care professional input.

Chapter 7
Constructive feedback was provided by three members (Dr. Kate Hallsworth, Dr. Leah Avery
and Dr. Sophie Cassidy) of the supervisory team following each iteration of all study and

summary Chapters.



1. Chapter 1: Literature Review



1.1. General Introduction
Within the UK, liver disease remains the fifth biggest killer, behind cancer, stroke, CVD and
respiratory disease (Murray et al., 2013), and remains the only ‘big killer’ that is growing in
prevalence annually (Bhala et al., 2013). Liver disease can be subdivided into several different
diseases including Alcoholic Liver Disease (ALD), Non-alcoholic fatty liver disease (NAFLD),
Hepatocellular Carcinoma (HCC), Hepatitis, Cryptogenic Cirrhosis, Primary Biliary Cholangitis,
Primary Sclerosing Cholangitis as well as many other smaller subgroups. Synonymous across
the vast majority of liver diseases, fibrosis may build up as the disease progresses and
ultimately lead to end stage liver disease. NAFLD is the most common worldwide, and a
frequent cause of liver failure (Shaker et al., 2014). NAFLD is directly related to sedentary
lifestyle, obesity and chronic excess calorie consumption. NAFLD is currently estimated to
affect up to 25% of the global population, with an estimated prevalence of approximately 24%
in Europe and North America (Younossi et al., 2016, Smits Mark et al., 2013). Indeed,
incidence is further increased in those who are obese or who have a diagnosis of type 2
diabetes mellitus (T2DM) —i.e. it is thought that this population is three times more likely to
have NAFLD. Diagnosis of NAFLD is most prevalent through the fourth to sixth decades of life.
However, increases in childhood obesity has caused the rate of diagnosed paediatric NAFLD
to rise. Within North America, hispanic populations are the most highly affected by NAFLD,
whereas black populations have the lowest rates of NAFLD, with 48% and 18% respectively
(Angulo, 2007). Approximately 40% of NAFLD patients will develop progressive liver fibrosis
and ultimately up to 11% will develop end stage liver disease (Anstee et al., 2013a). Due to
this increasing epidemic, it was estimated that by 2020 NAFLD would be the primary
indication for liver transplantation worldwide (Bellentani, 2017). Between April 2018-March
2019, 11% of all UK liver transplant recipients had NAFLD, with alcoholic liver disease (27%)

and cancer (19%) being the two most common indications for transplant (NHS, 2019).



1.2. Non-Alcoholic Fatty Liver Disease
In 1980, Ludwig et al (Ludwig et al., 1980) described a previously ‘unnamed’ and ‘poorly
understood’ disease of the liver, which they proceeded to name non-alcoholic steatohepatitis
(NASH). This landmark paper described a cohort of twenty patients with unknown causes of
NASH, characterised by fatty changes, lobular hepatitis, mixed inflammatory infiltrates,
fibrosis, and cirrhosis in three of twenty patients. It was observed that most patients were
‘moderately obese’ and a common comorbidity was T2DM with no known effective therapy.
Today, NAFLD represents a wide spectrum of liver conditions ranging from simple steatosis
(abnormal retention of lipids within the liver) to NASH and cirrhosis (end stage scarring). NASH
and simple steatosis are differentiated using the presence of hepatocyte injury, inflammation
and fibrosis (Dyson et al., 2014). In general, NAFLD is defined as the accumulation of fatty
acids amassing greater than 5% of liver weight (Kneeman et al., 2012) in patients who do not
consume excessive alcohol (Dyson et al., 2014). It is a largely asymptomatic disease, with
fatigue and right upper quadrant pain being the most commonly reported symptoms (Day,
2011). It is now understood that the development of NAFLD is closely associated with lifestyle
factors, such as excessive intake of hyper-caloric food and a predominately sedentary
lifestyle. In recent years, the mean body mass index (BMI) in the majority of western countries
has increased, as has the prevalence of obesity- which are strongly associated with the
underlying pathophysiological causes of NAFLD (Marchesini et al., 2016). This is likely due to
recent urbanisation, global modernisation and the consequent availability of fast food and
more convenient methods of transport. Similarly, recent years have seen an adoption of
‘western-style’ foods in Asia and a subsequent increase of the prevalence of NAFLD (Li et al.,
2019), which is further predicted to increase through to 2030 (Estes et al., 2018). Unhealthy
lifestyle habits that are associated with NAFLD can be targeted to elicit significant benefits to
a magnitude of lifestyle-related comorbidities. Within individuals with NAFLD, lifestyle

changes to induce weight-loss can be effective at reducing liver fat, inflammation and fibrosis.

Currently, the main treatment for NAFLD is weight loss, with the goal of reducing hepatic lipid
deposits and managing insulin insensitivity (Ghaemi et al., 2013), but patients often find this
difficult to initiate and maintain (Avery et al., 2017). Current recommendations are vague on
how best to support people with NAFLD to lose weight and often patients are left

unsupported when attempting to achieve a sufficient weight loss to induce an improvement



in liver health. Recommended lifestyle behaviours, such as sustained dietary change, and
increased physical activity and exercise, are not suitable for every individual and therefore it
is important to establish potential barriers that individuals may face when attempting to

adopt advocated changes.

1.2.1. Clinical Presentations
The vast majority of patients with NAFLD are asymptomatic; therefore, the diagnosis of

NAFLD predominantly follows incidental findings of abnormal liver enzymes or imaging
showing steatosis. A commonly elevated liver enzyme includes alanine aminotransferase
(ALT). However, approximately 80% of patients with diagnosed NAFLD have normal-range ALT
levels (Browning et al., 2004) and often elevated ALT falls as fibrosis evolves to cirrhosis. While
elevated liver enzymes are associated with a clinically significant risk of developing end-stage
liver disease (Ekstedt et al., 2006), elevated liver enzymes do not necessarily indicating the
severity of the underlying disease (Fracanzani et al., 2008). Currently, the diagnosis of NAFLD
is reliant on the exclusion of alcoholic related liver disease (ARLD), autoimmune disease, viral

hepatitis or drug induced liver disease.

Following clinical suspicion, fatty deposits of the liver are commonly confirmed using
ultrasonography. Ultrasound is used as a first-line investigative tool that provides a qualitative
assessment of fatty acids within the liver. It is highly effective at detecting and diagnosing
steatosis where over 1/3 of hepatocytes are steatotic, however, it can be unreliable with
lower amounts of steatosis (Saadeh et al., 2002) and does not provide an absolute measure
of the levels of liver fat. Computed Tomography and Magnetic Resonance Imaging are also
accepted methods for detecting hepatic steatosis but these are not widely used in the clinical
setting due to the associated expense. The major limitation of these techniques is the inability
to differentiate between the histological subcategories of simple steatosis or NASH.
Furthermore, they cannot identify the stage/degree of liver fibrosis (Saadeh et al., 2002).
Modern approaches for diagnosis, including the use of proton magnetic resonance
spectroscopy, are highly accurate at quantifying steatosis, whilst also being non-invasive.
However, there is limited widespread use of this, particularly in clinical settings due to the

cost (Smith and Adams, 2011).
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The most definitive approach to diagnosis in NAFLD is currently liver biopsy. This provides an
assessment of fibrosis, inflammation and hepatocellular injury. However, subjecting every
patient with abnormal liver enzymes to this assessment is impractical and not feasible due to
the cost, associated morbidity, and mortality. Therefore, the main purpose of using biopsies
is to establish the stage of the disease, highlighted in Figure 1.1. Commonly, hepatology clinics
limit liver biopsies to patients with some of the following (Day, 2002); ALT greater than twice
normal, aspartate aminotransferase (AST) greater than ALT, T2DM, or hyperlipidaemia.
Establishing the histological stage of disease is important to provide an estimate of long-term
prognosis, risk of developing cirrhosis and to help direct treatment. For example, those with
simple steatosis have a relatively optimistic ‘liver’ prognosis, with an overall 1-2% risk of
developing clinical evidence of cirrhosis over 15-20 years. However, those with NASH and
fibrosis can progress to cirrhosis, histologically or clinically defined, with a risk varying from
0% at five years to 12% at eight years (Day, 2006). A study using serial paired biopsies to
evaluate NAFLD progression reported that over a median interval time of 6.6 years, 44% of
patients with NAFLD progressed to NASH (McPherson et al., 2015). Importantly, 22% of
patients with NAFLD at baseline reached stage 3 fibrosis at follow-up biopsy (McPherson et
al., 2015). More recently, MRI/MRS methodologies have been employed as a means of
diagnoses. McPherson et al evaluated the accuracy of MRI and MRS for grading the severity
of steatosis (McPherson et al., 2009) and found close relationships between histology
estimated steatosis and MRS/MRI. MRI/MRS also proved to be a useful diagnostic technique
as hepatic inflammation and mild iron deposition did not interfere with estimation of
steatosis. This could prove to be a useful tool in the diagnoses and staging of NAFLD as it is

reported to be highly accurate, while having lower relative risks than liver biopsies.

The European Association for the Study of the Liver (EASL) recommend that all patients with
insulin resistance and/or other metabolic risk factors, such as obesity or metabolic syndrome,
should undergo diagnostic procedures, to identify fatty acid infiltrates. It is also
recommended that those identified as having steatosis should be screened for secondary
causes of NAFLD- namely alcohol and drug consumption. Recommendations also advise on
the identification of other chronic liver diseases, as they potentially result in more severe liver
injury. Similarly, National Institute for Health and Care Excellence (NICE) also identify

metabolic syndrome and T2DM as risk factors and advise against using routine liver blood
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tests to rule out NAFLD (NICE, 2016c). Recommendations also state that those with confirmed
NAFLD should be routinely offered testing for advanced liver fibrosis every three years for

adults and every two for children and young people.

Figure 1.1: Liver biopsies showing the progression of NAFLD (from left to right) from normal

liver to fatty liver and liver fibrosis

1.2.2. Pathogenesis of NAFLD
NAFLD essentially develops when the hepatic triacylglycerol (TAG) synthesis rate is greater
than that of TAG catabolism. The two primary methods of hepatic TAG synthesis are;
increased hepatic fatty acid uptake and subsequent esterification into TAG, and de novo
synthesis of TAG from carbohydrate and protein metabolism. The methods of TAG catabolism
consist of fatty acid oxidation (FAO) and TAG export as very low density lipoproteins (VLDLs).

Figure 1.2 highlights the main steps in the molecular regulation of TAG turnover.
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Figure 1.2: Central Pathways to TAG regulation (Birkenfeld Andreas and Shulman Gerald,
2013) De novo lipogenesis of TAGs and phospholipids is represented by the glycerol-3-
phosphate pathway. GPAT-1 (glycerol-3-phosphatase acyltransferase) catalyses the acylation
with glycerol-3-phosphate to acyl-CoA, generating LPA. Phosphatidic acid phosphatase (PAP)
catalyses the transfer of fatty acyl-CoAs to the glycerol backbone to form diacylglycerols
(DAGs) and TAGs through diacylglycerol/ acyl-CoA acyltransferase (DGAT). DAGs in the
plasma membrane fraction activate PKCe which subsequently attenuates insulin receptor
activation through its ligand. TAG is hydrolysed to DAG via adipose triglyceride lipase (ATGL),
and is then further hydrolysed by hormone sensitive lipase (HSL) to monoacylglycerol (MAG)
and finally to glycerol by monoglyceride lipase (MGL). This sequence of reactions releases fatty
acids and the resulting glycerol can be used as a substrate in gluconeogenesis (Birkenfeld

Andreas and Shulman Gerald, 2013).
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It is now understood that the initial stage of NAFLD, hepatic steatosis, should be detected and
targeted early to prevent complications further down the line of the progression of the
disease (McPherson et al., 2009). However, the progression of NAFLD does not always follow
the same linear pathway; some patients with NAFLD may never develop NASH, while
conversely some show a rapid deterioration of health. Traditionally, the varying progression
was thought to be due to a widely known ‘two-hit’ theory put forward by Day and James in
1998 (Day and James). This hypothesis states hepatic fat accumulation is the ‘first hit’ and the
prerequisite for any hepatic injury to occur, whereas the ‘second hit’ can be any of bacterial
endotoxin, adipokines, cytokines, mitochondrial dysfunction, or endoplasmic reticulum
stress. Potential pathophysiologic mechanisms of fat accumulation within the liver include;
increased fatty acid synthesis or delivery of fatty acids to the liver, reduced incorporation or

removal of triglycerides as VLDL.

In more recent times, this has been challenged and revised, with the increased recognition
that a combination of ‘second hits’ can lead to the development and progression of
steatohepatitis (Levene and Goldin, 2012). This is termed the ‘multiple hit hypothesis’. In this
hypothesis, dietary and environmental factors, combined with obesity, lead to elevated fatty
acid levels and cholesterol, insulin resistance, adipocyte dysfunction, and overall changes in
the microbiome of the intestine (Buzzetti et al., 2016), all of which contribute towards
increased fat accumulation and consequential lipotoxicity with the liver. The predominant fat
to accumulate in those with NAFLD is triglycerides, commonly derived from esterification of
free fatty acids and glycerol. The rate of de novo lipogenesis is also thought to be increased
by the activation of transcription factors such as carbohydrate response element-binding
protein (ChREBP) and sterol regulatory element-binding protein-1 (SREBP-1) (George and
Liddle, 2008), both of which have roles within activating de novo lipogenesis (DNL) and are

activated by glucose and insulin, respectively.

1.2.3. NAFLD and insulin resistance
The susceptibility of individuals to develop hepatic insulin resistance (IR) at any given level of
liver fat accumulation is variable even though the biochemical mechanism is understood
(Perry et al., 2014). In Figure 1.2 it can be observed that the plasma membrane diacylglycerols
(DAGSs) produced in the de novo lipogenesis of TAG stimulate PKCe membrane translocation

which inhibits the insulin receptor kinase (Birkenfeld Andreas and Shulman Gerald, 2013).
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This, in turn, leads to reduced insulin-stimulated tyrosine kinase phosphorylation of IRS-1, IRS-
2 and phosphoinositide (PI3K) activation. Consequently, downstream insulin signalling is
reduced resulting in an overall decline of hepatic glycogen synthesis. This is primarily due to
decreased activation of glycogen synthase and increased hepatic gluconeogenesis as result of
reduced inactivation of forkhead box protein O (FOX01), thereby causing exaggerated glucose

release through GLUT2, as shown in Figure 1.3.
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Figure 1.3: Mechanism of DAG-PKC mediated hepatic insulin resistance. (Birkenfeld Andreas

and Shulman Gerald, 2013).

The plasma membrane DAGs produced in the de novo lipogenesis stimulates PKCe membrane
translocation which inhibits the insulin receptor kinase, thereby reducing downstream insulin

signalling (Birkenfeld Andreas and Shulman Gerald, 2013).

The variable effect is illustrated by one known genetic influence in that individuals with the
G-allelle of patatin-like phospholipase 3 gene have a higher liver fat level but normal hepatic
insulin sensitivity (Kantartzis et al., 2009). It is likely that other complex polygenetic traits also

contribute to the variability.
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1.2.4. NAFLD and Comorbidities
NAFLD and T2DM are closely related - the accumulation of liver fat can now be seen as
pivotal with regards to the development of both aetiologies (Taylor, 2013), although this
does vary significantly on individuals’ weight and BMI (Szczepaniak et al., 2005). The
prevalence of ultrasonographic NAFLD within a T2DM population was 69.4%, in an overall
cohort of 180 (Leite et al., 2009), while 54% of T2DM patients were shown to have NAFLD in
another study of Indian patients, diagnosed through liver biopsy and subsequent histology
investigations (Prashanth et al., 2009). Further studies have investigated the correlations of
the histopathological stages and T2DM, where 94% of patients presented with histologically
defined NAFLD (Leite et al., 2011). The prevalence of advanced fibrosis ranged from 34% to
60% (where variance was due to ranges in fibrosis score). Independent correlates were
established as older age, male gender and high serum y-glutamyl transferase for this
particular study (Leite et al., 2011), and high triglyceride, low HDL-cholesterol and increased
ALT in aforementioned studies. NAFLD is essentially recognised and understood as the
hepatic manifestation of the metabolic syndrome, due to insulin resistance as the
underlying pathophysiological mechanism. Consequently, NAFLD is strongly associated with
cardiovascular disease (CVD) as well as T2DM due to the myriad of common risk factors
between CVD, NAFLD and T2DM, such as low HDL cholesterol, abdominal obesity,

hypertension and chronic kidney disease (Anstee et al., 2013b).

BMI and waist circumference, measures of visceral adiposity, are positively associated with
NAFLD and advancing disease (Yilmaz and Younossi, 2014). Obesity is the major phenotype
for NAFLD although a small proportion of NAFLD patients are within a normal BMI range.
Interestingly, many lean patients with NAFLD display insulin resistance (IR) and altered body
fat distribution, while demonstrating lesser metabolic disturbances than those who are
classified as obese (Vos et al., 2011). Patients with T2DM are often insulin resistant, obese,
show abnormal liver enzyme portfolios, and have been shown to accumulate fatty acids
within the liver independently of BMI (Gastaldelli et al., 2007). As mounting research presents
the associations between NAFLD and comorbidities, recommendations regarding screening
for other chronic disease have been distributed. For example, in 2012, AASLD published
recommendations concerning CVD risk factors in those with NAFLD. These recommendations

ascertain that clinicians must actively screen for metabolic syndrome, where an evaluation
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should include fasting lipid, glucose and insulin levels as well as blood pressure and hip/waist
measurements to further evaluate for hypertension and abdominal obesity. It is also
recommended that patients should be questioned about CVD symptoms, namely chest pain,
dyspnoea and claudication. While AASLD do not recommend routine non-invasive
investigations, they conclude that consideration should be given to the Framingham risk score
to identify NAFLD patients with an increased risk of CVD over 10 years (Corey Kathleen and
Vuppalanchi, 2012). Due to the heightened risk of CVD within NAFLD cohorts, AASLD
published recommendations on managing CVD-associated comorbidities. These
recommendations are divided into lifestyle interventions and pharmaceutical approaches
(Corey Kathleen and Vuppalanchi, 2012), as shown in Table 1.1. With regards to ‘lifestyle
interventions’, the intentional loss of 10% of a patients excess body weight over 12 months is
recommended via caloric reduction, reduced intake of carbohydrates and aerobic exercise.
The overall summary of these recommendations maintain that NAFLD should not interfere

with the treatment of other chronic comorbidities such as CVD and T2DM.

Table 1.1. Treatment recommendations for CVD risk factors in patients with NAFLD

Patient Risk Factor Treatment Target Recommended Treatment

CVD or risk equivalents ? LDL < 100 mg/dL Lifestyle interventions and

statin initiation

>2 cardiovascular risk factors | LDL < 130 mg/dL Lifestyle interventions and
2 statin initiation
<1 cardiovascular risk factor | LDL < 160 mg/dL Lifestyle interventions and

statin initiation, if required

Atherogenic dyslipidemia HDL > 40 mg/dL and | Omega 3 fatty acids, nictonic
triglycerides <150 mg/dL acid and fibrates

Hypertension <140/90 mmHg (<130/80 | Angiotensin-converting
mmHg for diabetes or renal | enzyme (ACE) inhibitors and
disease) angiotensin receptor

blockers

1 Risk equivalents include peripheral vascular disease, carotid artery disease (CAD), diabetes

mellitus and abdominal aortic aneurysms
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2 Cardiovascular risk factors include tobacco use, hypertension, a family history of premature

heart disease and low HDL levels

Table adapted from AASLD ‘Assessment and management of comorbidities (including
cardiovascular disease) in patients with non-alcoholic fatty liver disease’ (Corey Kathleen and

Vuppalanchi, 2012).

1.2.5. Defining the NAFLD population
As previously discussed (see sections 1.2.1 and 1.2.2), it is likely that NAFLD is widely
underdiagnosed and is estimated to affect up to 33% of the western population, with
incidence likely to increase given the increasing rate of obesity. It is important to recognise
the NAFLD population, as better understanding will allow for potential interventions to be
targeted towards this population and therefore hopefully allow for greater efficacy. It is
particularly important to define and understand the disease population as the vast majority
of interventions and current recommendations for treatment pertain to lifestyle behaviours.
Therefore, it is important to assess and understand the potential target population of these
interventions in order to best understand the acceptability of how they may fit into the NAFLD

patients’ lifestyle.

There is some disparity between studies as to which gender is at a greater risk for developing
NAFLD, although the general consensus is that males are at a greater risk of developing
NAFLD. A range of longitudinal studies have identified males as having a greater incidence of
NAFLD compared to females (Yun et al., 2016, Wong et al., 2015, Zelber-Sagi et al., 2012, Liu
et al., 2013, Abenavoli et al., 2019). There is a conclusive body of evidence demonstrating that

the differing prevalence of NAFLD between genders exists into older age (Lazo et al., 2013).

The primary treatment for NAFLD is lifestyle modification to reduce weight and improve
fitness, with increased physical activity/exercise and a caloric deficit often recommended (see
section 1.3 for more detail). However, when ‘prescribing’ lifestyle modification, it is important
to understand any perceived barriers that a specific population may have. Understanding the
socioeconomic status of a clinical cohort is of paramount importance when considering the
lifestyle factors at play. There is a well elucidated association between obesity and a lower

socioeconomic status (Stunkard and Sorensen, 1993, Pavela et al., 2020). The association

18



between the prevalence of NAFLD and socioeconomic status within the UK has not been
reported, but given the strong association between NAFLD and obesity, it is likely that this
association can be extended between socioeconomic status and NAFLD. Given that typical
‘hard to reach’ populations (Curran et al., 2016) and NAFLD populations are likely to have
significant crossover, it is important to establish care pathways and interventions that are

accessible and acceptable to all.

1.2.6. Limitations of Research within NAFLD Populations
A major challenge in undertaking research on NAFLD is the wide pool of NAFLD patients. It is
estimated that a significant proportion of those with NAFLD are undiagnosed (Browning et
al., 2004). Furthermore, there is no single consensus on the criteria for defining and
monitoring NAFLD. The gold standard approach of diagnosis is liver biopsy, but biopsies are
not routinely offered as part of standard care when determining the presence or severity of
NAFLD. Given that NAFLD is often associated with a range of comorbidities, with obesity being
the primary comorbidity, there is an inherent risk associated with performing biopsies in a
large section of individuals with NAFLD (Tobkes and Nord, 1995). More simply, biopsies are
expensive, invasive and are emotionally and physically demanding on individuals. Biopsy is
often performed to determine the presence of cirrhosis. Therefore, where liver biopsies are
unsuitable, the presence/ significance of NAFLD is often determined by a range of non-
invasive scores (derived from histological evidence) such as the NAFLD fibrosis score (Angulo
et al., 2007) and the Fib-4 index (Vallet-Pichard et al., 2007). However, NAFLD fibrosis score
and Fib-4 score are recommended for usage when ruling fibrosis out, rather than determining
presence and subsequent staging. Diagnoses may also be made using evidence derived from
imaging or quantification of liver fat using proton MRI (Kramer et al., 2017). In light of this,
one of the major challenges with recruiting NAFLD populations is capturing a representative

example of individuals with NAFLD.

Furthermore, the challenges presented by quantifying the presence and advancement of
NAFLD as outlined above are the same challenges that persist when attempting to monitor

changes in liver health as a result of a lifestyle intervention.
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1.2.7. NAFLD and genetics
Recently, certain polymorphisms that may be associated with NAFLD have been reported. The
PNPLA3 rs738409 polymorphism has been identified as conveying an increased risk of
developing NAFLD, associated with a greater reduction in hepatic triglyceride in response to
lifestyle interventions (Shen et al., 2014), and increasing the risk of hepatocellular carcinoma
(HCC) in patients with NAFLD, independent of the presence of cirrhosis (Liu et al., 2014b). The
impaired function on TM6SF2 rs58542926 causally contributes to NAFLD; normal TM6SF2
rs58542926 activity is required for VLDL secretion and prevents an accumulation of hepatic
triglyceride content (Kozlitina et al., 2014). A homozygous TM6SF2 rs58542926 minor (T)
allele has been associated with a significant increase in hepatic triglyceride content (5.86% to
15.04%). Another study has associated TM6SF2 (T) allele with advanced hepatic fibrosis and
cirrhosis, independent of age, BMI, T2DM and the PNPLA3 rs738409 genotype (Liu et al.,
2014a). An association between TM6SF2 rs58542926 and the degree of histologically

determined steatosis has also been observed (Kozlitina et al., 2014).

Similarly, carriage of GCKR rs1260326 has recently been associated with accumulation of
hepatic fat, and increased levels of triglycerides and VLDLs. Furthermore, PNPLA3 rs738409
and GCKR rs1260326 have been shown to have a combined effect in conveying susceptibility

to NAFLD in obese youths (Santoro et al., 2012).

However, as this is very much in its infancy, it is not yet part of routine clinical care and
therefore does not affect treatment, but may explain some variations in the development of

NAFLD and an individuals’ responses to lifestyle interventions.

1.2.8. Pharmacological treatments for NAFLD
The role of pharmacological agents in the treatment and management of NAFLD are, as of
yet, not recommended in any guidelines. Therefore managing the role of lifestyle

interventions (such as diet and physical activity) are key for the management of NAFLD.

A 2010 study (Sanyal et al., 2010), evaluated the use of pioglitazone and vitamin E versus a
placebo for NASH. This study randomly assigned non-T2DM subjects with NASH, to either
receive 30mg daily of pioglitazone, 800IU daily of vitamin E, or a placebo. Serum ALT and AST

significantly reduced in those allocated to the pioglitazone or vitamin E arms compared with
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the placebo. Vitamin E and pioglitazone were associated with reductions in lobular
inflammation and hepatic steatosis, however, there was no significant improvement in
fibrosis scores in any group. Furthermore, those within the pioglitazone arm gained more
weight than those allocated to the vitamin E or the placebo arm. The observed weight gain
was a mean of 4.7 kg by week 96. The pioglitazone group experienced significantly improved
insulin resistance, yet this was not maintained after discontinuation of pioglitazone, and
insulin resistance returned to baseline. Weight gain was not reversed following
discontinuation of pioglitazone. Given that NASH is strongly associated with obesity, it can be
argued that the weight gain observed in those receiving pioglitazone diminishes the long-term
effect and observed improvements. Similarly, it is likely that whichever medication is
potentially prescribed for NASH, the symptoms would relapse following discontinuation of
the treatment. It is probable that these medications would be prescribed indefinitely, and the
observed adverse events must be carefully considered in the context of common
comorbidities, namely the risk of a cardiac event. Other phase 2b trials evaluating elafibrinor
and obeticholic acid (Ratziu et al., 2016, Neuschwander-Tetri et al., 2015, Friedman et al.,
2016) have shown promising results in terms of improving the histological features of NASH
and/or resolution of NASH without worsening of fibrosis. Reduced serum liver enzymes were
observed, but these agents require more investigation to evaluate the safety and efficacy in

this cohort.

Younossi et al recently investigated obeticholic acid as a treatment for NAFLD in the
REGENERATE study (Younossi et al., 2019). Obeticholic acid is a semi-synthetic bile acid
analogue and fernesoid X nuclear receptor agonist, and therefore acts to reduce the amount
of bile acid within the liver. The REGENERATE study is the first positive phase 3 study in
patients with NASH. Patients were randomly assigned into the placebo group, a 10mg
obeticholic acid group or a 25mg dosage obeticholic acid group. Fibrosis improved in 12% of
the placebo group, 18% in the 10 mg group and 23% in the 25 mg group. However, consistent
with previous studies investigating obeticholic acid (Pate et al., 2019), there was a high rate
of pruritus (19% in placebo group, 28% in the 10 mg group and 51% in the 25 mg group), and
this caused discontinuation of the treatment in 9% of the 25 mg obeticholic acid group.
Additionally, dose-dependent increases and decreases in LDL and HDL cholesterol levels,

respectively, were observed; subsequently ~30% patients commenced statin therapy (66 in
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the placebo group and 155 and 159 in the 10mg and 25mg dosage obeticholic acid groups,
respectively). Mean reductions of ALT from baseline to 18 months were as follows: 6% in the
placebo group, 26% in the 10 mg group and 33% in the 25 mg dosage obeticholic acid group.
Mean reductions of AST from baseline to month 18 were as follows: 4% in the placebo group,
19% in the 10 mg group and 24% in the 25 mg dosage obeticholic acid group. Mean changes

in GGT followed a similar pattern.

Other ongoing phase three studies are the REVERSE study , the AURORA study and the
RESOLVE-IT study (Younossi et al., 2019, (Anstee et al., 2020). The REVERSE study is evaluating
the efficacy and safety of obeticholic acid in patients with compensated cirrhosis, the AURORA
study is evaluating the efficacy and safety of cenicriviroc in adults with NASH, and the
RESOLVE-IT study is evaluating the efficacy and safety of elafibrinor in adults with NASH. The
current primary outcome measures in all three studies is similar- the percentage of patients
who achieve resolution/ improvement of fibrosis while experience no worsening of
steatohepatitis. The inclusion/ exclusion criteria of pharmacological studies are strict, making
for a highly selective cohort of NASH patients. For example, patients with poorly controlled
T2DM are excluded from all three, with minimum HbAlc cut-offs of 9%, 9.5% and 10%.
Similarly, decompensated cirrhosis is excluded in all three studies, and those with
compensated cirrhosis are excluded from RESOLVE-IT and AURORA. Owing to the nature of
the studies, this is likely to maximise safety, however, NASH cohorts are typically diverse in
terms of comorbidities and medical history, and therefore the stringent inclusion and
exclusion criteria do not allow for a true representative population of patients with

steatohepatitis.

A recent study has investigated the use of prebiotics following 4 weeks of a Very Low Calorie
Diet (VLCD) (600kcal/day) in patients with confirmed NAFLD (Chong et al., 2020), where follow
up treatment with inulin supplementation further improved ALT scores, but did not promote
further weight loss, subsequent reduction of BMI, nor any other markers of metabolic health

(blood pressure and fasting blood or glucose levels).

1.2.9. Review of guidelines for the treatment of NAFLD using lifestyle interventions
National/international guidelines recommend lifestyle interventions as part of the treatment

package for NAFLD, regardless of where they sit on the disease spectrum. Table 1.2 compares
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the recommendations for lifestyle interventions from the NICE, European, and American

guidelines (Glen et al., 2016, Chalasani et al., 2018, NICE, 2016c).

Table 1.2. Recommendations on the management and treatment of NAFLD

AASLD (Chalasani et al.,
2018)

EASL (NICE, 2016c)

NICE (Glen et al., 2016)

e Pharmacological

treatments aimed

primarily at
improving liver
disease should
generally be

limited to those
with biopsy-proven
NASH and fibrosis.

e A combination of a
hypocaloric  diet
(daily reduction by
500-1,000 kcal) and
moderate-intensity
exercise is likely to
provide the best
likelihood of
sustaining weight
loss over time.

e Weight loss of at
least 3%-5% of
body weight
appears necessary

to improve

e Modest caloric reductions
of 500-800kcal/day to be
accompanied by a daily
protein intake of 1.2-1.5
g/kg of body weight. *

e Asabove, combined with a
regular physical activity/
exercise programme

e Structured programmes
aimed at lifestyle changes
towards healthy diet and
habitual physical activity
are advisable in NAFLD

e Patients without NASH or
fibrosis should only receive
counselling for healthy
diet and physical activity
and no pharmacotherapy
for their liver condition

e In overweight/obese
NAFLD, a 7-10% weight
loss is the target of most
lifestyle interventions, and

results in improvement of

e Explain to people
with NAFLD who
drink alcohol the
importance of
staying within the
national
recommended
limits for alcohol
consumption.

e Explain to people
with NAFLD that
there is some
evidence that
exercise reduces
liver fat content
independently of
weight reduction.

e Offer advice on
physical activity
and diet to people
with NAFLD who
are overweight or
obese in line with

NICE’s obesity
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steatosis, but a
greater weight loss
(7%-10%) is needed
to improve the
majority of the
histopathological
features of NASH,
including fibrosis.
e Exercise alone in
adults with NAFLD
may prevent or
reduce HS, but its
ability to improve
other aspects of
liver histology

remains unknown.

liver enzymes and
histology

Dietary recommendations
should consider energy
restriction and exclusion of
NAFLD-promoting
components  (processed
food, and food and
beverages high in added
fructose. The
macronutrient
composition should be
adjusted according to the
Mediterranean diet

Both aerobic exercise and
resistance training
effectively reduce liver fat.
The choice of training
should be tailored based
on patients’ preferences to
be maintained in the long-

term

and preventing
excess weight
gain guidelines.

Do not offer
omega-3 fatty
acids to adults
with NAFLD
because there is
not enough
evidence to
recommend their

use.

*advice specific to patients with cirrhosis

Given the strong relationship between hypocaloric diets and the exacerbation of sarcopenia

(Yanai, 2015a), excessive caloric restriction is not widely advocated in patients with NASH-

related cirrhosis. Sarcopenia has been identified as a major predictor of poorer outcomes in

obese patients with cirrhosis (Eslamparast et al.,, 2018). Table 1.3 summarises the

recommendations when BMI, waist circumference and comorbidities are accounted for.
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Table 1.3: NICE recommendations for lifestyle intervention

BMI

Classification

Waist circumference

Comorbidities

Low?! High? Very

High3
Overweight 1 2 2 3
Obesity | 2 2 2 3
Obesity Il 3 3 3 4
Obesity Il 4 4 4 4

llow waist circumference is classed <94cm for men, <80cm for women

2 high waist circumference is classed as 94-102cm for men, 80-88cm for women

3very high waist circumference is classed as >102 for men, >88cm for women

wow ww

General advice on healthy weight and lifestyle
Diet and physical activity

Diet and physical activity; consider drugs

Diet and physical activity; consider drugs; consider surgery

1.3. The evidence for lifestyle interventions (Diet and Exercise) in NAFLD

1.3.1. Weight loss
The primary treatment for NAFLD is weight loss, with a prominent study showing that weight
loss of 3-5% is associated with a reduction in hepatic steatosis, 5-7% is associated with
improvement of inflammation, and over 10% weight loss can improve hepatic fibrosis (Vilar-
Gomez et al., 2015). In this study of routine clinical care, weight-loss was induced by advice
to follow a low-fat hypocaloric diet (750kcal/day less than the recommended daily allowance)
combined with 200 min/week of low intensity physical activity, in a population of 261
participants with NASH as indicated by biopsy. This study also established the likelihood of
achieving NASH resolution and fibrosis regression proportionate to weight-loss, determined
using a repeat biopsy 12 months from baseline measures. The likelihood of NASH resolution

was 10% and 90% in those who lost <5% and >10% of total body weight, respectively.
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Similarly, the likelihood of fibrosis regression was 16% in those who lost <5%, and 45% in
those who lost >10% of total body weight. An intervention evaluating a low-fat, low-Glycemic
Index (Gl) diet combined with up to 150 min/week of moderate intensity physical activity
demonstrated reversal of NAFLD in 50% of those who lost 5.0-6.9% of bodyweight, 60% of
those who lost 7.0-9.9% and in 97% of those losing 10% of more of their starting body weight
(Wong et al., 2013). Interestingly, baseline BMI and intrahepatic triglyceride levels have been
identified as contributing factors in the potential resolution of NAFLD. Following a 3-5%
reduction in weight, 50% of non-obese (determined by BMI) participants had achieved
remission of NAFLD, however, in obese participants, a weight reduction of 7-10% was

required to induce NASH resolution in 50% (Wong et al., 2018).

In a histologically proven NASH cohort, weight loss has also been shown as an effective
technique in reducing fat, with the greatest weight loss associated with the best

improvements histologically on a repeat biopsy (Vilar-Gomez et al., 2015).

While this level of weight loss has been shown repeatedly to be efficacious in inducing
reduction in liver fat and improve necroinflammation (Chalasani et al., 2012), it has been
observed that many patients struggle to achieve weight loss of 27%. A recent community and
internet-based intervention showed that only 20% of participants were able to lose >10% of
their starting body weight over 1-2 years (Mazzotti et al., 2018). For example, Musso et al
(Musso et al., 2012) evaluated the effect of weight loss on NAFLD patients and this meta-
analysis articulated that less than half of the patients were able to achieve this weight loss
target. A recent non-interventional study by Vilar-Gomez et al., (2015) assessed paired
biopsies of patients, and showed only 30% of patients had lost 25% of their total body weight
over 1 year. Of those that had lost weight, 57% had resolution of their NASH and 82% had a 2
point reduction in NAFLD activity score (NAS)- a composite score derived using steatosis,
inflammation and hepatocyte ballooning, determined using liver biopsy. Furthermore, 29
patients (of 293) achieved 210% weight loss, and of these, 100% had a reduction in NAS, 90%
had resolution of NASH and 45% achieved regression of fibrosis, as shown in Figure 1.4. In
another, smaller study (Glass et al., 2015) 45 patients were assessed for fibrosis regression
(defined in this study as an improvement in fibrosis score >1 stage using the NASH Clinical
Research Network guidelines). They concluded that fibrosis regression is possible, even in

those with advanced disease and that weight loss of 210% total body weight predicts
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regression of fibrosis. Of interest, 12 of the 45 total patients underwent bariatric surgery and

the rate of fibrosis regression was significantly higher in those particular patients.
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Figure 1.4. Correlation between weight-loss percentage and improvement of different
histologic parameters related to NASH. (A) Resolution of steatohepatitis, (B) NAS

improvement, (C) steatosis improvement, (D) lobular inflammation improvement, (E)

27



ballooning improvement, (F) Fibrosis status (Vilar-Gomez et al., 2015). Published with

permission from Vilar-Gomez et al., 2015.

1.3.2. Diet
Within regards to dietary lifestyle interventions, the most effective weight loss strategies have
not been defined. Often, dietary recommendations are in line with those recommended by
for the management of Diabetes by the American Diabetes Association (ADA) (NICE, 2016a).
Weight loss inducing diets are frequently subdivided into four categories; low fat, low

carbohydrate, low calorie and very low calorie diet (VLCD).

Low-carbohydrate and low-fat diets have gained interest in recent years, as safe and viable
options for inducing weight loss and maintaining it in both clinical and non-clinical
populations. Haufe et al (Haufe et al., 2011a) investigated the effect of low carbohydrate and
low fat diets on hepatic lipid content in overweight and obese patients. This trial randomised
170 patients to either diet for 6 months. Of the 102 that completed the intervention and
underwent magnetic resonance spectroscopy of the liver, both low fat and low carbohydrate
diets achieved similar decreases in intrahepatic lipid content and total body weight. However,

these conclusions are not specific to NAFLD patients.

There is limited data of the effect of differing dietary components in NAFLD populations,
however, one small pilot (Tendler et al., 2007) study of five participants investigated the
effects of the low carbohydrate diet in biopsy confirmed NAFLD. Patients were instructed to
follow a <20g/ day carbohydrate diet for six months. At the end of the intervention four of
the five biopsies showed significant improvement in steatosis (p = 0.02) and inflammatory
grade (p = 0.02) as well as a trend towards fibrosis improvement (p = 0.07). However, due to
the small numbers of this study and lack of a comparative group, it cannot be reliably

concluded that these results were due to the diet or the weight loss achieved.

The most recommended dietary pattern for patients with NAFLD to follow is a Mediterranean
style diet. A Mediterranean style diet typically constitutes a high intake of olive oil, nuts,
vegetables, fish, legumes and fruits (Zelber-Sagi et al., 2017). Traditionally, adherence to a
Mediterranean style diet has been associated with a reduction in risk of CVD. Given that the
common cause of death in patients is CVD related, it is therefore an appealing dietary

regimen. A significant reduction of BMI, weight, cholesterol and triglycerides has been
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observed in patients with NAFLD following a Mediterranean dietary intervention, but no
changes has been shown in HDL, LDL, glucose, blood pressure or insulin (Biolato et al., 2019,
Abenavoli et al., 2017, Katsagoni et al., 2018). Similarly, a Mediterranean diet has also been
shown to improve insulin sensitivity and hepatic steatosis (Ryan et al., 2013). Other studies
have also shown that adherence to a Mediterranean style diet can elicit a reduction in liver
fat in the absence of weight loss (Romero-Gémez et al.,, 2017). Overall, two randomised
control studies have reported that hepatic triglycerides are lowered more so by a
Mediterranean style diet than a low fat diet (<30% of daily caloric intake from fat) (Gepner et

al., 2019, Ryan et al., 2013).

Aside from using dietary changes to induce weight-loss, altering the components of an
individual’s diet has been shown to improve liver health, both with and without weight loss.
For example, saturated fats, often associated with hypercaloric diets, have been shown to
increase de-novo lipogenesis and subsequent hepatic fat content, when compared to
unsaturated fats and carbohydrates (Luukkonen et al., 2018). It can therefore be assumed
that a diet higher in saturated fats is likely to be harmful to overall liver health. As previously
discussed (see 1.2.2), higher levels of circulating free fatty acids, often dietary derived, are
important pathophysiological mechanisms in the development of NAFLD. Similarly, studies
have demonstrated that high fat/ low carbohydrate (43-56%/30-38%) diets increase
triglyceride content within the liver, compared to a low fat/ high carbohydrate diet (16-
23%/57-65%) (Yki-Jarvinen, 2015). High protein diets, either animal or plant-based sources
(>30%) have been shown to reduce hepatic fat and hepatic steatosis over a 6 week period
(Markova et al., 2017, Skytte et al., 2019). When sustained for a longer period of time (up to
6 months) hypocaloric diets lead to the same reduction of triglycerides within the liver. This
has been achieved using low carbohydrate (10-30%) or low fat (20%) diets (Kirk et al., 2009,
Haufe et al., 2011b).

There is debate over the suitability of VLCD as a means for weight loss induction in NAFLD
cohort. Most studies have concluded that VLCD is a safe and viable approach for weight loss
in NAFLD patients and can safely be administered without adverse events (Temmerman and
Friedman, 2013). In a recent study at Newcastle University, The Diabetes Remission Clinical
Trial (DIRECT), following 8 weeks of restricted energy intake (VLCD), fasting plasma glucose

normalised, insulin suppression of hepatic glucose output improved and hepatic
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triacylglycerol content fell from 12.8 + 2.4%t0 2.9+ 0.2% in a T2DM cohort. No adverse events

were documented throughout the entire 8 week intervention (Leslie et al., 2016).

1.3.3. Physical activity/exercise

Commonly, weight loss is achieved through a dietary, exercise, or dietary plus exercise
intervention. Evidence supporting lifestyle interventions as therapy is strong and has
conclusively shown significant reductions in hepatic fat as well as improvements in insulin
sensitivity/ glucose control following dietary and exercise interventions (Thoma et al., 2012),
as well as improvements in cardiovascular disease risk factors, such as serum lipids and HbA1c
(St. George et al., 2009, Gepner et al., 2019, Sun et al., 2012, Wong et al., 2013, Promrat et
al., 2010, Eckard et al., 2013, Ueno et al., 1997).

NAFLD cohorts were, until fairly recently, anecdotally less active than their healthy
counterparts. However, in recent years there have been a plethora of publications reporting,
using a variety of means and methods, on the physical activity of NAFLD populations. Physical
activity has previously been reported as lower within NAFLD cohorts than within healthy
cohorts, where mean step count (steps/day) were significantly lower in the NAFLD subgroup
(Newton et al., 2008). However, for a more detailed description, accelerometry is frequently
used over step counts, as it allows the research team to objectively measure and categorise
physical activity (PA) into different categories, such as light, moderate or vigorous. It also
allows for time spent partaking in sedentary behavior to be quantified, which in itself has
been identified as being associated with obesity and increased cardiovascular risk
(Vainshelboim et al., 2017, Ekelund et al., 2019). Objectively measured time spent in
sedentary behavior has been associated with reduced energy expenditure and therefore
provides a lifestyle behavior that could be targeted as a therapeutic means to reduce weight
gain in individuals with NAFLD (Hallsworth et al., 2015). For example, Gerber et al used triaxial
accelerometry to evaluate activity in NAFLD vs. non-NAFLD cohorts (Gerber et al., 2012). This
was a large study with >3000 participants split between NAFLD and non-NAFLD cohorts, in
which it was reported that average PA for NAFLD participants was approximately 29
counts/minute/day less than controls (P <0.01), with NAFLD subjects spending less time
participating in activity at any level (P < 0.01). Individuals with NAFLD and T2DM were in the
lowest quartile of both average and moderate-vigorous PA (P < 0.01). However, while this was
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reported in a large (>3000) population, the comparator arm was not age or gender matched
to the NAFLD cohort, and each individuals PA was only captured for 10 hours/day. Arguably,
10 hours/day is a restrictive time window and could significantly over- or underestimate an
individuals’ physical activity. NAFLD was defined using fatty liver index (FLI), which is
calculated using BMI, therefore it could be argued that those who are obese may wrongly be
analysed as part of the NAFLD cohort and therefore may not be entirely representative of a

NAFLD cohort.

While physical activity is commonly used to induce/maintain weight loss, it is important to
establish the effect that significant weight loss has on free living physical activity in individuals
with NAFLD. There are limited data evaluating this in any disease cohort, however one study
reported that following surgically induced weight loss (in a typical obese cohort), physical
activity significantly increased, and this increase correlated with the amount of weight lost
over a two year follow-up period (Karason and Van Der Hilst, 2000). However, this study is
largely limited in that PA data was determined using self-report, an approach that has been
widely reported to elicit results which are over or under-estimates of objectively monitored
PA measures (Shephard, 2003). Another study objectively evaluated PA changes in obese
patients pre- and post-bariatric surgery using an accelerometer, and reported no significant
changes in overall PA, or in mean moderate-vigorous bouts of PA after significant weight loss

at 6 months post-surgery (Afshar et al., 2017).

While interest in, and the subsequent research of, the PA of NAFLD cohorts has increased,
there are still areas in which further work is needed. For example, when determining how
NAFLD populations compare to the healthy counterparts, large populations are needed where
age, gender and, if possible, BMI are matched between NAFLD and comparator arms. Given
that a higher BMI is more likely in a NAFLD cohort compared to a healthy population, BMI
matching could be challenging, particularly as it could be difficult to find ‘healthy’ individuals
with a higher BMI. Additionally, it is important that 24 hours, or as close to, of data is captured
per day, to provide a fuller picture of individuals’ PA. Given the high proportion of individuals
who are employed in shift-work, it is necessary to record for, as close to as possible, 24
hours/day for as many consecutive days as possible to best represent all individuals. Finally,

given the aforementioned difficulty of conducting research in NAFLD cohorts (see section

31



1.2.6), it is necessary that those classified as having NAFLD have received a definitive

diagnosis.

Both aerobic and resistance exercise have been shown to reduce liver fat and its mediators in
patients with NAFLD, independent of weight loss (Hallsworth et al., 2011, Johnson et al.,
2009). Given that both are effective, and that resistance exercise requires less energy, it may
be that resistance exercise is more appropriate for patients with NAFLD who have poor

cardiorespiratory fitness.
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1.3.4. Combined diet and physical activity
Promrat et al (Promrat et al., 2010) evaluated the effect of a low-fat (25%) diet, combined
with 200 min/week of moderate intensity PA and cognitive behavioural therapy (CBT) over a
48 week period. This intervention elicited a mean weight loss of 8.7 kg, improved steatosis
and NAS, while no difference was observed in glucose or HOMA-IR. Wong et al (Wong et al.,
2013) observed a 7% reduction in hepatic triglyceride, achieved using a low-fat, low-Gl diet
combined with 210 min/week of moderate intensity. Similarly, Gepner et al (Gepner et al.,
2019) observed reductions of 6% and 7% in hepatic triglycerides in a low-fat intervention and
a Mediterranean diet combined with 180 min/week physical activity, respectively. Weight
loss orientated lifestyle interventions have shown reductions in liver fat of 42-81% with a
strong correlation being shown between amount of weight lost and the volume of liver fat

reduction (Kirk et al., 2009, Viljanen et al., 2009) .

A 16 week lifestyle intervention (Berzigotti et al., 2017) comprising of a personalised
hypocaloric diet combined with 60 min/week of supervised physical activity in individuals with
compensated cirrhosis and portal hypertension showed that weight loss by the end of the
intervention was maintained at follow up (6 months). A >10% reduction in body weight was
associated with a greater decrease in hepatic venous pressure gradient (HVPG). 52% of
participants lost over 5% of their starting body weight, while 16% lost over 10% and HVPG
decreased by >10% in 42% of participants and >20% in 24%. No episodes of clinical
decompensation were observed throughout the intervention, thereby indicating a lifestyle
intervention in obese individuals with compensated cirrhosis is not only safe, but also
significantly efficacious at reducing body weight and portal vein pressure. Overall, 60
participants were recruited and 50 completed the study. Going forward, longer studies with
larger patient numbers are needed to full assess the role of lifestyle interventions on various

indicators of liver health.

1.3.5. Recommendations for weight loss in NAFLD
Recommendations for lifestyle interventions for the management of NAFLD generally include
both diet and exercise to combine decreased caloric intake and increased energy expenditure.
According to a meta-analysis by Wu et al (Wu et al.,, 2009), combined diet and exercise
interventions resulted in @ mean loss of 1.14 kg greater than the diet only interventions in

longitudinal studies of over two years. However, this data should be treated with caution on
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this occasion as this is not unique data to patients with NAFLD. However, with the absence of
approved pharmacological therapies, lifestyle interventions remain the leading therapies for
patients with NAFLD. Until larger, prospective, randomised clinical trials have compared the
effects, in NAFLD cohorts of exercise alone, diet alone and exercise and diet combined
interventions, formal recommendations between the three cannot be made. A major
limitation is patient variability- many studies only assess general physical activity or diet,

which therefore does not allow for cross comparison between studies.

1.3.6. Problems with sustaining weight loss
While the predominant recommendation for the treatment of NAFLD is to elicit significant
weight loss through dietary and PA/ exercise modification, this does not suitably address the
challenges that many individuals face in terms of maintaining weight loss. A plethora of
studies have indicated that maintaining significant weight loss is challenging and the
proportion of patients who successfully do so is often low; estimates of long term
maintenance of significant weight loss vary from 20% of patients sustaining >10% weight loss
(Wing and Phelan, 2005), 24% of patients sustaining >10 kg at 24 months (Lean et al., 2019)
to 87% of participants maintaining >10% weight loss at 5 years (Thomas et al., 2014). The
range in these varying levels of success can potentially be explained by the diversity of
populations and modes of recruitment. For example, Thomas et al recruited participants who
had previously lost 30lb (13.6 kg) and maintained this for 1 year through newspaper (or other
various media) selection. Questionnaires were sent to participants annually, and therefore
dependent on self-report. Given that these participants had already successfully maintained
weight loss for more than 1 year, it may be that they had surpassed the ‘difficult’ period of
weight maintenance. Figure 1.5 depicts the weight loss and subsequent weight loss, achieved
using various methodologies of >26,000 participants, where it can be seen that historically

patients who have undertook a VLED experience a greater proportion of weight regain.
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Figure 1.5. Average weight loss of individuals completing a minimum 1-year weight-
management intervention; based on review of 80 studies (N=26,455; 18,199 completers

[69%]) (Franz et al., 2007).

Challenges to sustaining weight loss have been reported as being largely varied and comprise
of returning to old habits enabling weight regain, new dietary interventions not fulfilling
needs, such as emotional, social or stress related needs, or struggling to cope with a change
in identity as a result of losing weight (Greaves et al., 2017, Jallinoja et al., 2008, Engstrom
and Forsberg, 2011, Green et al., 2009). Furthermore, it has been reported that individuals
who have regained weight have described feeling a sense of deprivation, which is derived
from feeling like weight maintenance is all or nothing; success or failure. This was described
as feeling like they had not achieved weight maintenance if they didn’t maintain a set weight
target (Byrne et al., 2003). Lack of support from family members has been reported as
presenting a significant challenge where attempting weight loss maintenance (Benson-Davies

et al.,, 2013).

Given the reported challenges that individuals may face when attempting to maintain weight
loss, it is important that strategies are put in place to best facilitate weight maintenance. For
example; involving family members on the individuals needs, such as not introducing
temptations. Individuals aiming to maintain weight loss should be counselled on factors

affecting sustaining weight loss; such as motivations for maintaining weight loss, implications
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on health and establishing an early intervention for preventing weight gain (Avery et al.,

2017).

1.4. Very low calorie diet
A very low calorie diet (VLCD) is widely defined as an extremely hypocaloric diet; in practise,
VLCDs have been reported as varying between 600-1200kcal/ day (Chen and Yan, 2006, Tsai
and Wadden, 2006), delivered from 8-16 weeks (Disease, 2012) and have been achieved using
a variety of methods, such as meal replacement products or food based approaches. They
have been historically used successfully for weight-loss within specialist settings. When
undertaken as instructed, VLCD’s provide all of the dietary reference values required for
healthy individuals. When compared to specialist- delivered behavioural programmes for
weight-loss, behavioural weight-management programmes combined with VLCD’s have been
shown to elicit a 3.9 kg greater weight-loss after one year (Parretti et al., 2016). However, this
review comprises mainly small trials, often including <100 participants and it is therefore likely
that this could be inaccurate. Larger scale studies are required in this area to fully evaluate

the potential role of VLCD’s when compared to other holistic weight-loss approaches.

1.4.1. VLCD and weight loss
Typically, VLCDs are recommended for those with obesity or obesity-related comorbidities
(Saris, 2001). As previously mentioned, they are often, but not always (Morris et al., 2020),
comprised of meal replacement products. These products contain a low level of
carbohydrates combined with a high level of protein to aid satiety and weight-loss. To ensure
all vital nutrients are consumed, they also contain vitamin, mineral and fatty acid
supplements. The primary goal of a VLCD is to elicit rapid weight-loss, where the majority of
weight lost is fat mass, and lean mass is maintained. Subsequent to rapid weight loss, it has
been shown that VLCD’s can induce other health benefits such as a reduction of blood
pressure, improved metabolic control, and reduced liver size and hepatic fat content (Lewis

et al., 2006).

A noTable study evaluating the safety and effectiveness of a very low calorie diet as treatment
for obesity is the DROPLET study (Jebb et al., 2017). This study was a two arm study delivered

through ten primary care practises in Oxfordshire where recruited participants were
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randomly allocated to a VLCD intervention or to usual care. This cohort comprised of 278
adults who were obese and seeking support to lose weight. Obesity was defined as a BMI of
at least 30 kg/m?2. The VLCD intervention comprises of 810kcals per day, made up of formula
food products, administered for 12 weeks, with weekly behavioural support provided. This
was followed by a stepwise reduction of the formula products alongside a gradual
reintroduction of food-based meals; during this phase, monthly behavioural support was
provided. The usual care arm of the study consisted of weight management programmes
provided by practise nurses who have been trained to deliver a weight loss intervention
through usual primary care. This arm was delivered over twelve weeks, with either weekly or
biweekly appointments. Participants within the usual care arm were not prevented from
attending other weight management schemes, but these were not provided by NHS referral
for the duration of the study. Further analysis of this data reported that individuals from
practices located in most deprived and intermediate deprived tertiles were more likely to
enrol in the VLCD intervention compared with those in the least deprived tertile (Astbury et
al., 2020b). Furthermore, there was no evidence that age, a pre-existing diagnosis of type 2
diabetes or hypertension affected uptake. In the intervention group, 13% of participants were
low engagers, 8% engaged with the weight loss phase only, and 79% engaged in both weight
loss and weight maintenance phases of the programme, with those engaging in the entire

programme losing the most weight.

Recently, a VLCD (DiRECT study) has been shown to be successful in overweight (BMI of 27-
45 kg/m?) participants with T2DM not treated by exogenous insulin (Leslie et al., 2016), with
24% of participants allocated to the intervention arm achieving a weight-loss of greater than
15 kg, and remission of T2DM achieved in 46% participants in the intervention group,
compared to 4% within the control, at 12 months (Lean et al., 2018). The DIiRECT study was a
cluster-randomised study, with GP surgeries randomly allocated to intervention or control
groups using a computer. The intervention group had weight loss induced using a total diet
replacement phase using a low energy formula diet (825-853 kcal/day; 59% carbohydrate,
13% fat, 26% protein, 2% fiber) for 3 months (extendable up to 5 months if wished by
participant), followed by structured food reintroduction of 2-8 weeks (about 50%

carbohydrate, 35% total fat, and 15% protein), and an ongoing structured programme with
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monthly visits for long-term weight loss maintenance. The control group continued to receive

standard diabetes care as defined by current guidelines.

Alongside a substantial improvement in diabetes control (as indicated by a reduction of
HbAlc and/or withdrawal of prescribed antidiabetic medications), an array of other
improvements were reported; reductions of blood pressure and triglyceride levels, and an
increase of quality of life. Between 12 and 24 months, mean weight increased by 2.6 kg in the
intervention group compared to a decrease of 1.3 kg in the control group, and 36% of the
intervention group were still in remission (Lean et al., 2019). From baseline to 12 months
follow up, participants lost an average of 10.0 kg (100 to 90 kg, p<0.001). HbAlc (mmol/mol)
decreased by a mean of 9.6 mmol/mol (60.2 to 50.6 mmol/mol, p<0.001). The number of
prescribed oral antidiabetics decreased by 0.8 (1.1 to 0.4, p<0.001). Retrospective analyses
indicated that weight loss was strongest predictor of diabetes remission at 12 months from
baseline, and that being prescribed fewer antidiabetes medications, having lower triglyceride
and gamma-glutamyl transferase levels also predicted remission to a lesser extent.
Furthermore, patients reporting better quality of life with less anxiety/depression was
predictive of diabetes remission, with the prescription of antidepressants predicting non-
remission. Interestingly, lower HbAlc at baseline was a predictor of remission at 12 months,
and older age and male gender were identified as predictors at 24 months (Thom et al.,
2020a). Interestingly, a recent retrospective economic evaluation of the data obtained from
the DIiRECT study (Lean et al., 2019) has shown that the cost of the VLCD intervention led to
a significant cost-saving of £120 and £14 for oral anti-diabetes drugs and anti-hypertensive
medications, per participant respectively, compared with the control (Xin et al., 2019). This
suggests that a VLCD is a feasible intervention to achieve significant weight loss in order to
achieve remission of diabetes, and is less resource intensive than the cost of managing

diabetes and its’ associated complications.

More recently, the feasibility of delivering a food-based approach VLCD within primary care
has been assessed for patients with type 2 diabetes (Morris et al., 2020). When compared to
the control arm, patients in the intervention group experienced a significant reduction of
weight and HbA1lc. Importantly, the outcomes from this study suggest that it is feasible to
recruit participants to a food-based, low-energy intervention, for practice nurses to deliver

the programme in primary care, and to retain participants within the intervention (Morris et
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al., 2020). While a meal replacement VLCD has been shown to be effective to elicit significant
weight loss in those who elect to take part, it is important to consider that the strict
intervention does not necessarily have a large rate of uptake. For example, within the DiRECT
study, only 20% of patients who were eligible and invited to take part in the intervention did
so. Therefore, the success of this intervention should be treated with caution, as this does not
depict a significant effect in the context of the entire population who are eligible.
Subsequently, it is important to explore other lifestyle related avenues which may promote a
similar physiological effect on weight while observing an improved uptake. Potentially, a food-

based VLCD could do so.

1.4.2. VLCD and Quality of Life

There has been conflicting literature on the effect that a VLCD intervention can have on
quality of life (QOL) (Ein et al., 2019) and this is a subject of ongoing debate. QOL is an essential
measure, as there is a fundamental link between physical and psychological health (Chida and
Steptoe, 2008). Symptoms of depression (Beck et al., 1961) and anxiety (Ferreira and Murray,
1983) are common in individuals who are overweight or obese (Carey et al., 2014, Grundy et
al., 2014) and therefore are commonly measured in weight-loss or lifestyle interventions.
Research indicates that depressive and anxiety related symptoms have been shown to
improve after weight-loss surgery or weight-loss programmes (Sysko et al., 2012, Lasikiewicz
et al., 2014). Given the diverse nature of VLCDs, it is no surprise that a VLCD programme has
been shown to both increase (Buffenstein et al., 2000) and decrease (Snel et al., 2012)
depressive symptoms. As aforementioned, VLCD programmes vary immensely, in that some
may include low-intensity exercise alongside the diet, or behavioural therapy or even the
duration of the programme itself. VLCD programmes are used in obese or overweight
individuals, who are likely to have a range of comorbidities, which could also affect pre- and
post-programme depressive and anxiety symptoms. Similarly, given the varying duration of a
VLCD programme, the varying subsequent weight lost is likely to affect how an individual self-

reports on depressive and anxiety symptoms.

39



1.4.3. Very low calorie diet: guidelines
VLCDs are often anecdotally perceived as being unacceptable to a significant proportion of
the population, unsafe and leading to rapid weight regain. However, with regards to
guidelines, the National Institute for Health and Care Excellence (NICE) has recommended
that VLCDs can be used for a maximum of 12 weeks in populations who would benefit from
rapid weight-loss, such as those who need orthopaedic surgery. With regards to weight loss,
there are a plethora of recommendations in place that advocate weight-losses of 5% in order
to see clinically meaningful improvements in blood pressure, diabetes control (HbAlc and
blood glucose), blood lipids and cholesterol and overall CVD risk (Jensen and Ryan, 2014).
Behavioural therapy is also recommended to accompany weight-loss interventions to

facilitate self-monitoring of food intake to support weight-loss and weight maintenance.

More recently, the cost effectiveness of doctor referral to a commercially provided VLCD
weight loss programme, compared to nurse-led behavioural support has been evaluated
(Kent et al., 2019). Initial costs per person for the commercially available VLCD and for the
nurse-led behavioural support were £796 and £34, respectively. The VLCD was projected as
being more cost effective in obese adults, and cost effectiveness did not significantly vary by
gender. In the scenario that all weight lost during the intervention was regained by 5 years
from baseline, the intervention was still considered to be more cost effective than nurse-led
behavioural therapy, due to anticipated future reductions in expenditure (Kent et al., 2019).
Maximal cost effectiveness was observed in adults with a BMI > 40 kg/m?. Given the
demonstrated potential cost effectiveness of a doctor referral to a commercial VLCD, it is
likely that this approach for inducing weight loss could be successfully incorporated into

routine care (Kent et al., 2019).

1.4.4. Very low calorie diet and NAFLD

1.4.4.1.  VLCD and NAFLD Physiology
Detailed metabolic analyses were performed in a small subgroup (n=45) of the DIRECT cohort,
indicating that immediately post-VLCD, liver fat decreased significantly compared to baseline
levels (16.0% + 1.3% to 3.1% + 0.5%, p < 0.001) (Lean et al., 2018), as indicated in Figure 1.6.
Importantly in the remission of early T2DM (<6 years since diagnosis), a VLCD has been shown
to lower hepatic acetyl-CoA, glycogenolysis, and TAG-DAG-PKCe activation (Lean et al., 2018).

Similarly, a VLCD has been shown to markedly improve hepatic, not peripheral, insulin
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sensitivity in rats with T2DM (Perry et al., 2018). Furthermore, the same research showed a
VLCD resulted in reductions in hepatic triglyceride and diacylglycerol content and PKCe
translocation, associated with improved hepatic insulin sensitivity. Overall, this has a
combined effect of reducing hepatic glycogenolysis, acetyl-CoA content, and
gluconeogenesis. While this is not specific to a NAFLD cohort, there is a significant overlap
between populations and this mechanism has been shown to play a significant role in
reducing hyperglycemia, and potentially could play a role in the improvement of NAFLD. A
VLCD has also been shown to normalise beta cell function subsequent to reduced pancreas

and liver triaglycerol content (Lim et al., 2011).
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Figure 1.6. The changes in hepatic fat content in responders to a VLCD and non-responders,

in a T2DM population (Steven et al., 2016) at baseline (hatched bars), after VLCD (checkered
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bars), and after 6 months of weight maintenance (striped bars). Responders were defined as
achieving fasting blood glucose <7 mmol/L after return to isocaloric diet. Here it can be seen
that responders demonstrated significantly lower levels of hepatic VLDL TG, and overall that

a VLCD significantly reduces hepatic fat from baseline.

1.4.4.2.  Usage of VLCD within NAFLD to date
It is recommended that weight loss is the primary therapy for NAFLD, and that losses of >10%
of baseline bodyweight have been shown to be effective at improving steatosis, inflammation
and fibrosis in patients with NASH (Vilar-Gomez et al., 2015). However, there are a plethora
of methods advocated in the literature for inducing significant weight loss. Following the
widespread success of the DIRECT study (Lean et al., 2018), interest has piqued with regards

to the use of VLCD to treat symptoms of the metabolic syndrome.

There is limited research reporting on the use of VLCDs within NAFLD cohorts, not least due
to the limitations in conducting research in this population group (see section 1.2.6). A study
by Wen-Yuan et al investigated the differences between two VLCDs in obese adults (BMI>30
kg/m?); a 450 kcal/day vs 800 kcal/day regimen (Lin et al., 2009). Abdominal ultrasounds were
performed at baseline and at the end of the 12-week intervention (n=93), whereby the
baseline ultrasound observed NAFLD to be prevalent in 89% (n=83) of participants. Following
the 12-week intervention, NAFLD ‘improvement rate’ was 42% and 50% in the VLCD 450
kcal/day and 800 kcal/day regimens, respectively. Observed NAFLD was categorized into four
subcategories; normal, mild, moderate and severe, as has been previously described in the
literature (Saverymuttu et al., 1986). Patients were considered to have improved if they
progressed from a more severe subcategory to a category of lesser severity. 16% of all
participants with NAFLD returned to ‘normal’, as defined by abdominal ultrasound (Lin et al.,
2009). While Wen-Yuan et al did observe improvement in NAFLD, this was not a study specific
to a NAFLD cohort. Similarly, ultrasound only detects IHL above 30% so it is difficult to quantify
levels of improvement using this method of imaging. There were no other markers of NAFLD
reported, such as liver enzymes and subsequent non-invasive scoring methods. Incidentally,
patients whose liver enzymes were elevated to double the normal range were excluded from
partaking in the study, so it is likely that many with moderate/severe NAFLD were excluded,

and this improvement in NAFLD is therefore not representative of a typical NAFLD cohort.
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Similarly, patients with T2DM were excluded from partaking. Given the large crossover of

T2DM and NAFLD, this is also likely to exclude those with more severe NAFLD.

Another study investigated the prevalence and incidence of simple steatosis and NASH in
morbidly obese patients who undertook a VLCD pre-bariatric surgery (Schwenger et al., 2018).
139 patients had biochemical measures taken pre-VLCD and 21 patients had measures taken
afterwards. Wedged liver biopsies were taken during the bariatric surgery. NAFLD was
diagnosed in 76% of all 139 baseline patients (62% with simple steatosis and 14% with NASH).
The remaining 24% had normal livers. Patients with NASH had significantly higher ALT, AST,
insulin resistance and proportion of individuals with T2DM than those with normal liver
(Schwenger et al., 2018). The VLCD had a median length of 3 weeks with weight loss per week
being approximately 3.7 kg. This VLCD induced a significant decrease in BMI, HbA1c, fasting
cholesterol, glucose, and insulin, as well as significant increases in AST and ALT. Changes were
similar between those with normal liver, simple steatosis and NASH. This study took place in
Canada, where VLCDs are routinely administered as part of standard pre- bariatric surgery
protocol to reduce the size of the liver in order to facilitate laparoscopic access to perform
the surgery (Fris, 2004). Other studies have documented that a minimum 2-week VLCD
intervention is sufficient to induce a significant reduction in liver volume (Colles et al., 2006).
While a large proportion of the baseline population of this study had NAFLD, it is important
to recognize that this is not a NAFLD specific cohort. Similarly, post VLCD data was only
available for 21 patients, so the overall comparison dataset for biochemical changes pre- and
post- VLCD is small. It is possible that the small dataset means that significant differences
between groups were not detected. Similarly, given the relatively short time spent on the
VLCD regimen, it is possible that other, ‘non-immediate’, effects were not able to be
observed. It is likely that other histological effects of a VLCD are observed after 3 weeks
(Schwenger et al., 2018). While the findings of this study are interesting, they highlight the

need for further studies to be done to assess the long term effect of a VLCD on NAFLD.

More recently, a VLCD (600kcal/day) was administered in participants for four weeks, where
participants were treated with a prebiotic (inulin) or a similar placebo for the duration of the
subsequent weight maintenance phase (Chong et al., 2020). Participants were considered to
be engaging in the weight maintenance stage of the intervention until follow up at 28 weeks,

with 93% of participants completing the study. The primary clinical endpoint of sustaining
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>7% weight loss by week 16 was achieved by approximately 47% of participants, and
approximately 34% at 28 weeks. When compared to results from other VLCD studies (Lean et
al., 2018), this is a lower level of weight loss; for example, the DIRECT study (Lean et al., 2018)
observed a mean percentage weight loss of 10% from baseline weight at 12 months. Given
that, at 28 weeks in the aforementioned study, only a minority achieved >7%, it is highly likely
that there is a substantial difference in sustained weight loss. This is likely due to the longer
duration of the VLCD intervention in DIiRECT. This indicates that VLCD interventions can
successfully be used in NAFLD cohorts to induce (and sustain) significant weight loss,
however, given the short VLCD duration, it is important that further research is undertaken
to fully establish how effectively a VLCD can be used in these populations. Additionally, given
that it has been shown that VLCDs can be used to successfully induce significant weight gain,
it is important to understand potential barriers and facilitators for patients who may
potentially partake in a VLCD intervention, to further maximise adherence and subsequent

success.

1.4.5. Acceptability of a very low calorie diet
Adherence to VLCDs can be challenging and given the self-report nature of most VLCD
interventions, subsequent monitoring of compliance is complex and difficult. Previous trials
have reported ‘completion’ of VLCD interventions between 56%, 70% and 71% (Ryttig et al.,
1997, Lee et al.,, 2010, Moreno et al., 2014), however, this does not necessarily reflect
individual participants’ adherence to the VLCD protocol. Specifically, following a VLCD in a
T2DM population (DIiRECT), the completion rate of the VLCD intervention was 83% (Lean et
al., 2018). The majority of VLCD-based interventions are delivered as an outpatient service
where the monitoring of adherence is likely to be problematic. However, in spite of this,
attempts at monitoring the acceptability of VLCDs have been made. The acceptability of a
perioperative VLCD in obese individuals has been observed (Colles et al., 2006), where
adherence was high initially, but waned throughout the 12-week intervention period. This
VLCD intervention used meal replacement products to induce weight loss. As a means of
measuring acceptability of the overall intervention ‘taste acceptability’ was monitored
throughout the 12-weeks. It was reported that taste acceptability deteriorated significantly

from week 4, and this was significantly positively associated with percentage weight loss, i.e.,
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the greater the taste acceptability, the greater the percentage weight loss. Levels of
adherence to VLCD interventions in controlled studies is reported to be high in patients with
T2DM (Rehackova et al., 2016). For example, when VLCD interventions have been observed
alongside comparator arms such as Roux-en-Y gastric bypass cohorts (Lips et al., 2014,
Jackness et al., 2013), standard care with behavioral therapy cohorts (Williams et al., 1998),
and low energy interventions (Paisey et al., 2002, Wing et al., 1991, Wing et al., 1994),
attrition rates of participants did not significantly vary, indicating that a VLCD intervention can
be considered to be as acceptable as standard care, the Roux-en-Y gastric bypass pathway
and low energy interventions. Primary motivators for continued engagement with VLCD
interventions have been identified as experiencing rapid weight loss, increased tangible
physical and psychological wellbeing, improvements in blood glucose levels and social
support (Rehackova et al., 2017). Techniques employed by participants to maintain
adherence included removing food from the immediate environment and planning ahead.
Overall, patients reported that the VLCD was easier than originally anticipated but still
personally challenging (Rehackova et al., 2017). While this research provides a useful insight
into techniques to maximise adherence and acceptability towards a VLCD intervention it is
important to remember that this has been observed in T2DM cohorts. Other, less
symptomatic clinical cohorts (e.g. people with NAFLD) may be less motivated in losing weight

and therefore could be less engaged in personally intense interventions, such as a VLCD.

As part of the DIRECT study (Lean et al., 2018), semi structured interviews were undertaken
with each participant at baseline, at the end of the VLCD intervention and at follow-up
(Rehackova et al., 2020). Four main themes of change were identified; ‘building behavioral
autonomy’, ‘behavioral contagion’, ‘from rigid to flexible restraint’, and a ‘shift in identity’.
Building behavioral autonomy related to participants ability to develop responsibility for their
own health behaviors and becoming more independent when making decisions regarding
their health, diet, and lifestyle. ‘Behavioral contagion’ was defined as a participant changing
their behavior, and the people they socialize with changing theirs in turn. Finally, a shift in
identity relates to participants desire to become ‘healthier people’. Following weight loss,
comments from other people, a reduction in clothes size, and the ‘status’ of being diabetes-

free, or medication-free gave individuals a perceived sense of a shift in identity. This is of
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paramount importance for the further understanding of how best to induce significant weight

loss in overweight individuals with weight-related comorbidities.

Given the conclusive evidence that VLCDs are an effective means of safely inducing significant
weight loss and subsequent remission of weight-related comorbidities, the next important
step is to evaluate motivators, facilitators and barriers to adherence and engagement. This is
an essential stepping stone towards understanding how VLCD’s can be made applicable to

other clinical cohorts who would benefit.

1.5. Liver Transplant
Ultimately, up to 11% of NAFLD patients will develop end stage liver disease and may require
a liver transplant (Anstee et al., 2013b). This demand will increase in the future due to the
growing number of people with NAFLD. Within the USA, NAFLD is the fastest growing
indication for transplantation, with new waitlist registrants increasing by 170% from 2004 to
2013 (Wong et al., 2015). Currently within the UK, the average time spent on an active waiting
list is approximately 145 days for adults awaiting liver transplants and 72 for children. The
number of patients on the active transplant list steadily increased from March 2008 to March
2012, with Figures of 268 and 553, respectively. Between 2012 and 2017 that Figure has
fluctuated, peaking at 611 in 2015, with the most recent data from March 2017 showing 530
patients on the active waiting list (NHS, 2017). This Figure is inclusive of all seven transplant
centres in the UK, and includes all multi-organ, elective and super-urgent registrations. The
vast majority of those on the active waiting list are adults, with just 47 paediatric patients of
the 530in 2017. King’s College is the largest transplant centre in the UK, with 156 patients on
the active waiting list, compared to the smallest centre- Newcastle, which had just 15 patients
in 2017. While the average time on the waiting list is approximately 145 days, outcomes for
liver-only registrations between April 2014 and March 2015 show that at 6 months post-
registration, 51% had been transplanted, 38% were still waiting, 3% had been removed and
8% had died/been removed due to deteriorating condition. At 12 months post registration,
67% had been transplanted, 17% were still waiting, 6% had been removed and 11% had died/

been removed due to deteriorating condition (NHS, 2017).
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The severity of liver disease warranting assessment for liver transplantation (LT) is associated
with reduced exercise tolerance, aerobic capacity and an overall reduction in fitness (Bernal
et al.,, 2013). Furthermore, anaerobic threshold (AT), as determined by cardiopulmonary
exercise testing has been shown to predict survival 1-year post LT (Prentis et al., 2012). Of
note, AT is the terminology used to define the greatest level of exercise intensity that can be
maintained when glucose utilisation is undertaken using oxygen. Relatedly, Bernal et al.
(2013) also showed that those who do not undergo LT benefit from improving AT, where
lower AT values and peak fitness (VO2peak) Values were associated with non-survivors. This
presents a unique and opportune time period to improve fitness levels through lifestyle

modifications.

1.5.1. Review of Liver Transplant Guidelines
In light of growing evidence that improved fitness improves post-transplantation outcomes,
guidelines now incorporate lifestyle recommendations for promoting maximal pre-LT health,
inclusive of diet, fitness, alcohol consumption and smoking status (Burra et al., 2016, Murray
and Carithers Jr, 2005) . However, as of yet there is no gold standard or structured

implementation of lifestyle changes in clinical practice.

1.5.1.1. Comorbidities associated with those awaiting liver transplant
The primary comorbidities associated with liver disease include, but are not limited to, CVD,

metabolic syndrome and T2DM. Following research, guidelines suggest that, in ‘absence of
significant comorbidities, older recipient age (>70 years) is not a contraindication to LT’
(Aduen et al., 2009). Current guidelines for those NAFLD patients awaiting transplant advise
that ‘comorbidities such as obesity, hypertension, diabetes, and dyslipidaemia need to be
assessed and controlled pre- and post- transplant as they increase mortality’ ('EASL Clinical
Practice Guidelines: Liver transplantation,'); AASLD recommendations include minimising
obesity. For example, obese patients (BMI >30) require dietary counselling and a BMI 240 is
considered a relative contraindication to LT (Martin, 2013). Osteoporosis is highly common in
those assessed for LT and it is highly recommended that bone densitometry should be
obtained as part of the transplantation evaluation (Martin, 2013). This is particularly
important as bone mass is known to diminish in the immediate three months post LT due to

high doses of steroids, with risk not returning to pre-LT state until two years following LT
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(Collier, 2007). Some studies document osteoporosis frequency as up to 55%, reflecting other

risk factors such as physical inactivity and inadequate nutritional status (Collier, 2007).

1.5.1.2.  Physical Activity
Despite improved fitness being significantly associated with post-LT outcomes (Prentis et al.,
2012), there is limited information available in terms of official recommendation on quantity
and vigorousness most beneficial for safely improving/maintaining AT in pre-transplant
cohorts. While recommendations are available for management of underlying indications for
LT, these do not extend to the immediate pre-transplant period or time on the active waiting
list. Furthermore, many patients are assessed for transplant have poor fitness (Prentis et al.,
2012) and there are only, at best, vague recommendations of how to improve fitness. In other
solid-organ transplantation, namely heart and lung, patients appear to tolerate exercise
training pre-transplant, despite the greater number of adverse events compared to other high
risk groups (Wallen et al., 2016). Within this meta-analysis, of the 11 studies evaluated, only
one reported adverse events due to exercise training in transplant candidates. Despite the ill
health of these candidates, improvements were documents in peak work capacity in two
studies, with a 43% improvement following an 8-week intervention (Hayes et al., 2012) and a
25% improvement over a 26-week intervention (Ben-Gal et al., 2000). As highlighted by
Prentis et al. (2012), this improvement in fitness could result in greater survival in the 90 days

following the LT.

1.5.1.3. Diet
Evaluation of nutritional status is an essential tool for pre-transplant assessment. The
extensive range of underlying liver disease that may require a transplant means that each
individuals’ dietary requirements can be widely varied. EASL state that improvement of
nutritional status, where appropriate, is indicated, but as of yet no protocols have been
approved. In particular, malnutrition is associated with lower post LT survival rate, where
patients with BMI< 18.5 are at the greatest risk of poor outcome (Dick André et al., 2009).
With regards to weight loss, as previously highlighted, current research has shown that a
combination of diet and exercise is the most effective approach. In terms of diet alone, low
fat and low carbohydrate diets are gaining popularity within research, however, they are not
formally recommended in published guidelines currently. AASLD advocate the reduction of

48



dietary sodium, with Sharma et al. (2015) showing a correlation between low serum sodium
and improved survival post-transplant, where MELD>11 (Sharma et al., 2015), therefore a low
sodium diet is becoming more commonly advised as a management approach towards liver

disease, both pre- and post-transplant.

1.5.1.4.  Alcohol and Tobacco use
It is unanimous between all recommendations that tobacco use should be prohibited in LT
candidates, due to the correlation between tobacco consumption and adverse events relating
to cardiovascular mortality. For those patients who have been referred for LT evaluation due
to ALD, ongoing monitoring is essential for managing abstinence and achieving addiction
treatment goals. To allow any addiction issues to be addressed, a minimum period of
abstinence of six months is commonly enforced. Additionally, in those who have been
admitted due to alcoholic hepatitis or recent alcohol consumption, this may prompt a

recovery and thereby forgo the need for a LT (Martin, 2013).

1.5.2. Pre-transplant cohorts
Fundamental to evaluating the pre-transplant cohort is a comprehensive assessment by the
clinical team on clinical features, lifestyle, diet, and measures of fitness. While this is all
thoroughly assessed as part of the transplant process on a case-by-case basis, it remains
unreported on as a full cohort analysis and therefore describing and understanding the
population assessed for liver transplant is challenging. Understanding the patient population

is also a vital part of designing targeted lifestyle interventions.

The NHS annual report on Liver Transplantation (NHS, 2017) reports on the characteristics of
adult elective deceased donor liver transplantations between April 2016 and March 2017, as
well as their underlying disease state, which therefore offers some insight into defining the
pre-transplant population. This data reports 66% of recipients as male, with a median age and
BMI of 56 years and 28 kg/m?, respectively. Additionally, this data identified 89% of recipients
as white ethnicity. There is a vast range of indications for liver transplant, as summarised in
Table 1.4, with the most common being alcoholic liver disease (ALD), cancer and Primary
Sclerosing Cholangitis (PSC). Table 1.4 also summarises the prevalence of liver disease

associated complications, such as ascites, encephalopathy and varices as well as a generic
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report on self-reported lifestyle activity. The 2016/2017 annual report also documents the
average waiting time on the active waiting list as 86 days. While insightful in its own right, this
data does not show the full image, as it does not describe other lifestyle behaviours such as
smoking and alcohol consumption status, nor does it define those who are assessed for

transplant, but not listed and the reasons they have not been listed on the active waiting list.
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Table 1.4: Demographic characteristics of adult elective deceased donor liver transplant recipients, April 2016- March 2017 (adapted from NHS
2017 Annual Report on Liver Transplantation (NHS, 2017))

Indications Total (n=706) N (%) Encephalopathy Total (n=706) N (%)
Cancer 152 (22) Absent 464 (66)
Hepatitis C 28 (4) Present 221 (31)
Alcoholic Liver Disease 197 (28) Not reported 21 (3)
Hepatitis B 12 (2) Varices
Primary Sclerosing Cholangitis 85 (12) Absent 242 (34)
Primary Biliary Cirrhosis 58 (8) Present (not treated) 415 (59)
Present (treated with either
Autoimmune and Cryptogenic 46 (7)
shunt or TIPS) 24 (3)
Metabolic 80 (11) Not reported 25 (4)
Other 47 (7) Lifestyle Activity
Acute Hepatic Failure 1(0) Normal 56 (8)
Ascites Restricted 248 (35)
Absent 320 (45) Self-care 322 (46)
Present 371 (53) Confined 56 (8)
Not reported 15 (2) Reliant 10 (1)
Not reported 14 (2)
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There are limited reports on modifiable lifestyle patterns pre-transplant, and only few studies
investigating the QoL of patients pre-transplant. Furthermore, as with clinical measurements,
this is rarely measured in patients who are assessed for transplant but are rejected or
deferred. A recent study by Meller et al estimated 60% of post-transplant patients self-report
anxiety and depression (Meller et al.,, 2017). While the psychiatric assessment of those
awaiting liver transplant remains incomplete, one study has assessed the relationship
between pre-transplant depression and post-transplant survival (Rogal et al., 2016). Rogal et
al. found that pre-transplant depression was significantly associated with mortality and longer

hospital admissions.

1.5.3. Physical Activity and Exercise Interventions Pre-transplant
Few studies have evaluated the relationship of physical activity in patients awaiting liver
transplant or the feasibility of implementing an intervention in clinical practice. However, one
recent study from Kings College London has shown that cardiorespiratory fitness levels
(VOgzpeak), as measured using cardiopulmonary exercise testing (CPET) is indicative of 1-year
mortality, where higher mortality was associated with lower fitness levels, measured as
VOzpeak and AT (Bernal et al., 2014). Prior to this, cardiorespiratory fitness was shown to
predict post-operative mortality (Prentis et al., 2012), notably an AT of below 9 mL/kg/min

has been indicated as a negative predictor of post-transplant survival.

It is well recognised that liver transplantation is associated with hypertension, post-transplant
diabetes and dyslipidaemia (Benhamou and Penfornis, 2002), and that 1-year mortality is
higher in those who suffered from diabetes pre-transplant (Watt et al., 2010). Therefore,
management of these modifiable comorbidities provides an opportune area to provide and
assess interventions. NICE guidelines recommend management of comorbidities pre-
transplant. However, advice is vague and unstructured and therefore the waiting list provides
an opportune time to introduce prehabilitation. Recent studies have demonstrated significant
improvements in functional capacity, muscle mass, and self-perceived health status following
exercise programmes in patients within a broad spectrum of liver disease (Williams et al.,

2015, Roman et al., 2016). This effect of exercise is not unique to chronic liver disease- the
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functional capacity in a wide variety of other chronic diseases have been shown to improve
following an exercise intervention (van der Meer et al., 2012, Smart and Steele, 2011). These
include chronic heart failure, COPD and patients requiring dialysis- potential common
comorbidities in those with chronic liver disease. Of the exercise interventions trialled in
patients with liver disease, more often than not those with end stage cirrhosis have been
excluded. Combined with the low numbers in each of the aforementioned studies, further
studies are warranted to fully evaluate the safety of exercise interventions in patients with

end stage liver disease.

Recently, patients attending the Queen Elizabeth Hospital Birmingham liver transplant unit
were recruited to a 12 week home based exercise programme (HBEP) (Williams et al., 2018).
This study targeted adults who had been accepted onto the liver transplant waiting list for
primary transplant. The HBEP was supported for 6 weeks with telephone support, and
therefore offered a unique and safe setting for a HBEP in patients with advanced cirrhosis. A
key primary outcome of this study was the assessment of the feasibility of the intervention;
this was measured in terms of patient eligibility, adherence, target recruitment and safety
(Williams et al., 2019). All criteria of the feasibility related outcomes were satisfied and
therefore this study was considered to be suitable. With regards to improvements in aerobic
fitness, functional capacity and health related quality of life, measurements were made at
baseline, 6 weeks and 12 weeks. Improvements were observed in the incremental shuttle
walk test, average daily steps and the short physical battery performance test and health
related quality of life (measured using the EuroQol 5-Dimension 5-Level
guestionnaire)(Williams et al., 2019). While restricted in not offering this intervention to
those who have been deferred or rejected from the active waiting list, this was an interesting
and novel study evaluating exercise interventions in end stage liver disease populations. More
recently, the feasibility of a smartphone application has been assessed for use in patients with
end-stage liver disease (Duarte-Rojo et al., 2020). This was reported as being largely
successful, with videos, perceived exertion, and motivational features all being widely used
by the participants (n=28). 35% of patients observed a significant improvement in physical
performance (heart rate-validated steps). Patients reported the sense of community
facilitated by the app as a facilitator towards adherence (Duarte-Rojo et al., 2020). This study

presents a novel, low cost mode of delivering exercise to patients who were previously largely
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sedentary, which, should it prove to be efficacious in a larger cohort, could be well placed to

improve the physical fitness of this population.

Overall, a frequently disregarded cohort of patients are those who have been declined
transplant. This is a large group of patients who are unable to be transplanted for multiple
reasons, including low levels of fitness, and in the future it would be highly valuable to target
these patients in terms of lifestyle interventions. Providing an intervention suitable for this

cohort would be of huge benefit to them, at a relatively low cost.

1.6. Summary of Literature Review
Liver Disease is the fifth biggest killer in the UK, with NAFLD as the most prevalent aetiology.
This unique disease group is growing in prevalence annually, with NAFLD alone thought to
affect up to 33% of western populations. NAFLD is directly related to excessive calorie
consumption, a sedentary lifestyle and obesity, with a significantly higher incidence in T2DM
populations. With no approved pharmaceutical treatment for NAFLD, lifestyle modifications
are essential for successful NAFLD management. However, current recommendations for
NAFLD cohorts are vague and unstructured on how best to lose weight and increase physical
activity levels. Research has highlighted the role of lifestyle within NAFLD management and it
is becoming increasingly clear that weight reduction is beneficial in those with NAFLD across
the disease spectrum. Even a reduction of body weight by 3% has been shown to improve
liver fat and a 10% reduction has been shown to improve hepatic fibrosis. There is currently
much debate over the best dietary patterns to follow to maximise weight loss in NAFLD
cohorts. Low fat and low carbohydrate have shown promising results in inducing weight loss
and allow patients flexibility within their diet. A VLCD has been shown to reduce hepatic fat
content and achieve rapid weight loss in both healthy volunteers and patients with T2DM
(Steven et al., 2016). As yet, this approach has not been evaluated in NAFLD cohorts, but given

the close relationship between NAFLD and T2DM this could be equally as effective.

It is estimated that approximately 40% of NAFLD patients will develop progressive liver
fibrosis and ultimately up to 11% will develop end stage liver disease. Due to this increasing
epidemic, it is estimated NAFLD will soon be the primary indication for liver transplantation.

Once liver disease has progressed to a stage where liver transplantation is a valid treatment
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option, often patients have reduced fitness, characterised by reduced exercise tolerance and
aerobic capacity. Cardiorespiratory fitness is correlated with post-transplant survival, with an
AT of 9 ml/kg/min identified as significant, where values below this are associated with poorer
survival post-transplant. Current literature is limited on lifestyle interventions pre-transplant,
but it is becoming more widely apparent that the time on the waiting list provides a unique
opportunity to improve or maintain fitness. As of yet, there is only one study currently
investigating the feasibility of delivering an exercise intervention pre-transplant. This
literature review has identified there is minimal information on both the pre-transplant
cohorts and the pre-transplant assessment cohorts. The latter group is inclusive of a wide
group of patients who could potentially benefit from a fitness intervention to raise their AT

to an acceptable level for undergoing transplant.

1.7. Summary of experimental hypotheses and aims
The overarching aim of this thesis is to investigate the relationship between lifestyle
interventions and liver disease, with a focus primarily on the feasibility and acceptability of a

VLCD in NAFLD. The aims and hypotheses for each of the studies are detailed below:

Chapter 3: The primary aim of this study was to determine whether a minimum 8-week VLCD
is a feasible and acceptable therapy to achieve a target weight loss of 10% in patients with
clinically significant NAFLD, and whether weight loss could be maintained for at least 6-

months following completion of the VLCD.

Chapter 4: This study aimed to initiate and maintain 10% weight loss. Specifically, the
gualitative study aimed to identify barriers, facilitators and motivations towards uptake,

engagement and adherence to the 8-12 week VLCD (~800kcal/day).

Chapter 5: The primary aim of this study was to objectively evaluate PA levels, inactivity and
sleep using 24-hour tri-axial accelerometry in patients with clinically confirmed NAFLD and
compare this to age- and gender-matched healthy controls. Furthermore, as an adjunct to the
VLCD study (Chapter 3) we aimed to evaluate changes in PA levels and sleep data between

pre-VLCD, immediately post-VLCD and at follow up.
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Chapter 6: The aim of the study described within this Chapter was to develop an exercise
intervention targeted towards patients on the active waiting list to receive a liver
transplantation. The development of this intervention was informed by patient feedback

throughout.
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2. Chapter 2: General Methodology

2.1. Introduction

This thesis is incorporated into two main strands, as shown below in Figure 2.1; evaluating

the efficacy and feasibility of a VLCD in NAFLD patients through the use of quantitative and

qualitative methodologies and the development of an exercise programme for patients who

were undergoing assessment for wait-listing for liver transplantation.

The relevant

methodologies for both strands are outlined in this Chapter, with further information in

Chapters 3-6.
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Figure 2.1. Patients contact throughout ‘Lifestyle as Therapy’ PhD. Red font depicts final

sample size for each time point or analyses.
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2.1.1. Recruitment strategy

2.1.2. VLCD study
Patients with advanced non-alcoholic fatty liver disease (NAFLD), were recruited from
hepatology clinics within the Newcastle upon Tyne Hospitals NHS Foundation Trust from
January to July 2019. To facilitate recruitment, clinically significant NAFLD was defined using
imaging evidence of steatosis plus an indeterminate or high NAFLD Fibrosis Score (NFS) (> -
1.455) or Fibrosis-4 (FIB-4) (21.3 if age <65; > 2.0 if age 265) (Angulo et al., 2007, McPherson
et al., 2010, McPherson et al., 2017) or histological evidence of NASH with fibrosis. Potentially
eligible patients were identified in clinic by their hepatologist or dietician, and their contact
information was obtained and forwarded to a member of the research team. Further

information is available in Chapter 3, section 3.2.1.

Data collection commenced on 07/01/2019 and was completed on 17/03/2020, comprising a

total of 390 study visit days and approximately 480 hours of face to face patient contact time.

2.2. Informed consent process

Potential recruits were given the relevant patient information sheet (appendix B), study
synopsis and information regarding the intervention following referral from hepatology clinics
and were given the opportunity to discuss the study with a member of the research team.
Following this, a phone call or email from a member of the research team, depending on
individual preference, was arranged in order to give them time to digest the information,
discuss the intervention with relevant friends and family, and consider any questions that
they may have relating to the study. During the follow-up contact, details of the study were
explained, potential benefits and risks were discussed, and potential recruits were given
further opportunity to ask any questions. If the volunteer was interested in taking part, pre-
screening was undertaken and the patient information sheet was provided (appendix B). If
they met the criteria, they were invited to attend the first screening/baseline visit at the
Freeman Hospital, Newcastle upon Tyne. Family and friends were also invited to attend this
visit.

At the screening visit, potential participants were invited to sample the meal replacement
products (Optifast, Nestle Health Science) and to ask any further questions. Patients were

made aware that their GP (see appendix D for letter informing the patients GP of their
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participation) would be informed about their decision to participate in the study and that they
were able to withdraw at any point throughout, without detriment to their future healthcare.
If the volunteer was happy to take part in the study, and met the inclusion criteria, they were

asked to sign a consent form (see Appendix C).

2.3. Adverse events
At each study visit (described in greater detail in Figure 3.1, Chapter 3), patients were asked

if they had experienced any adverse events of side effects of the VLCD since the previous
visit. Between study visits, patients were also able to contact a member of the research
team to report any adverse events or discuss any concerns that they thought might be
related to the study. Similarly, if data obtained at any study visits indicated an adverse
event, such a low blood pressure or low fasting plasma glucose in patients with T2DM, this
was documented. Patients with T2DM were asked to regularly monitor their blood glucose
levels, if they were capable and happy to do so, and discuss any concerns with a member of
the research team. Data collection forms were used at every study visit to collate all data
collected, which had a subsection for adverse events to be documented. Data collection
forms were accordingly added to medical records at the end of each study visit. Should any
adverse events have been reported, qualified clinicians within the research team were to be
consulted, who were responsible for making any treatment, medication change or referral
(for example, to other specialities, such as haematology) decisions and subsequently
informing the GP. In line with guidelines specified by the Health Research Authority for a
non- Clinical Trial of an Investigational Medicinal Product (CTIMP), a Serious Adverse Events
(SAE) protocol was established, whereby any SAE would be reported immediately to the
Chief-Investigator who would then contact North East-Newcastle & North Tyneside 1

Research Ethics Committee within 15 days, as the approving ethics committee.

2.4. Qualitative data
Semi-structured one-to-one interviews were used immediately after the VLCD intervention
to identify barriers and facilitators to the uptake and subsequent adherence to the VLCD. The
interviews were also used to explore ways in which the intervention could be integrated into

routine clinical care.
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The research team developed a topic guide to structure discussions within the interviews (see
appendix E). Topics explored included motivators for taking part; expectations and perceived
barriers before participation; barriers to adherence and methods developed to overcome
barriers; facilitators and motivators for engagement and adherence; support requirements to
maximise adherence to the intervention; and the roles of the patients’ social and work
environments in maintaining adherence. All questions were open ended and prompts were
used to facilitate a more in-depth discussion in order to better explore the patients’ views. All
interviews were audio recorded and transcribed verbatim. Data were analysed using thematic

analysis (Braun and Clarke, 2006).

2.5. Physical examination
Body weight (kg) was measured to the closest 100g and standing height (cm) was measured
to the closest 0.1cm using a stadiometer (SECA 799, SECA UK). Both height and weight were
performed while the participant was shoeless and body mass index (BMI) was calculated using
body weight (kg)/ (height(m))?. Weight measurements were further standardised by asking
all patients to empty the contents of their pockets, remove any outdoor wear or extra layers
and encouraging all patients to wear the same, or similar weight, clothing at each study visit.
Furthermore, patients attended all visits fasted for at least 8 hours and were encouraged to
consistently attend each study visits at the same time of day, where possible. For example, if
a patient attended a study visit between 10am and 10:30am, they were asked, if possible, to
attend between 10-10:30am at their subsequent study visits. Waist circumference was
measured at the mid-point between the lower costal margin and the level of the anterior
superior iliac crests. Hip circumference was measured at the level of the greater trochanter.
Blood pressure was measured after patients had been seated, at rest, for at least five minutes.
Specific measurements were taken on the patients preferred upper arm with legs uncrossed,
using a validated Welch Allyn Spot Vital Signs oscillometric noninvasive blood pressure

monitor, with either a medium or large adult cuff (Welch Allyn, NY, USA) (Davis et al., 2005).
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2.6. Whole Body Composition
Body composition was measured using 8-point Bioelectrical Impedance Analysis
methodology. Resistance (R) of arms, legs and torso was measured at frequencies of 1, 2, 5,
10, 50, 100, 200, 500kHz using a seca BIA mBCA 525 machine (SECA 525, Birmingham, UK),
pictured in Figure 2.2. This technique has been validated against reference methods for
qguantifying visceral adipose tissue, such as dual X-ray absorptiometry and magnetic
resonance imaging (MRI), with a correlation coefficient of 0.8 reported between BIA and MRI
(Kim and Kim, 2013, Bosy-Westphal et al., 2017). The seca BIA mBCA 525 machine was used
to collect the data in this study due to its portability and therefore adaptability to be used at
the bedside during study visits. Two electrodes were placed on each hand and each foot,
which are connected to a small machine that emits an imperceptible current which measures
body composition, demonstrated in Figure 2.2. This was performed with the patient lying
supine at the baseline, post-VLCD and 9-month follow-up visit by a member of the research
team. BIA is based on a two-compartment model that determines total body water (TBW) and
soft tissue (i.e. fat mass [FM] and fat-free mass [FFM]). Tissues within the body conduct an
electrical current in proportion to their water and electrolyte content. Lean body tissues (high
in body fluids and electrolytes), have highly conductive, low resistance electrical pathways.
Conversely, skin, bone and fat, are poor conductors and offer high resistance, allowing for
differentiation between compartments. Fat mass (kg) and fat free mass (kg), Total body water

(%) and visceral fat (kg) were identified as variables of interest.

Body composition measurements were not attempted in those with severe lymphedema or

with diabetes related complications of the lower extremities.
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Figure 2.2. Measurement of body composition using using a seca BIA mBCA 525 machine

(SECA 525, Birmingham, UK).

2.7. Liver Stiffness
Liver stiffness measurement (LSM) was obtained using FibroScan Mini 430 (Echosens, Paris).
The Fibroscan procedure uses transient elastography to assess stiffness within the liver. It has
been validated in a cohort of 452 patients with NAFLD against liver biopsy, which is considered
to be the gold standard for diagnosing and staging fibrosis progression in NAFLD (Boursier et
al., 2016). Indeed, in the validation study by Boursier et al, Fibroscan was shown to be more
accurate than composite scores derived from biochemical evidence for detecting advanced
fibrosis, with an area under the receiver operating characteristics score (AUROC) of 0.831 +

0.019 (Boursier et al., 2016). All patients were fasted for at least 8 hours before the procedure.
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The LSM score was represented by the median of 10 measurements and was considered
reliable only if at least 10 successful acquisitions were obtained and the IQR-to-median ratio
of the 10 acquisitions was <0.3 or if the LSM was <7.1 kPa, due to reported lower accuracies
in measurements of greater stiffness. Both the medium and extra-large (XL) probes were
available for use to determine liver stiffness, which is of particular importance as the XL probe
has shown to be significantly more reliable to determine a LSM score in people with obesity
(Myers et al., 2012). In a cohort of people with a minimum BMI of 28 kg/m?, the XL probe
obtained a reliable result 73% of the time (Myers et al., 2012). In a study assessing the
reliability of the Fibroscan, failure was uncommon (1.6%) and unreliable results occurred in
approximately 4.9% of patients, in a sample of 2335 scans in patients with liver disease (Pang
et al.,, 2014). Primary predictors for failure or unreliable results were older age, obesity,
higher liver stiffness and operator experience (Pang et al., 2014). To capture the data
presented in this thesis, Fibroscan measurements were only undertaken by one of three

gualified and experience nurses at study visits.

2.8. Blood samples
A butterfly needle (BD Vacutainer® Safety-Lok™ blood collection system) was inserted into the
antecubital or dorsal hand vein using aseptic non touch technique (ANTT) by a trained
phlebotomist or qualified member of the research team. Patients were instructed to attend
the visits fasted, as well as in a well hydrated condition, to aid in the insertion of the needle.
Fasting samples were analysed in a Clinical Pathology Accredited laboratory (Newcastle Upon

Tyne Hospital NHS Foundation Trust, Department of Clinical Biochemistry).

2.8.1. Glucose
A 5 ml fluoride/ oxalate vacutainer® of whole blood was drawn at every visit. Samples were
analysed using a Roche Cobas C 311 (Kaplan et al.,, 2003, Moss et al., 1987) automated

chemistry analyser to determine glucose levels.

2.8.2. Alkaline Phosphatase
A 5 ml serum separator tube (SST) vacutainer’ of whole blood was drawn at every visit.

Samples were analysed using a Roche Cobas C 311 automated chemistry analyser (Kaplan et
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al., 2003, Moss et al., 1987) to determine alkaline phosphatase levels. Alkaline phosphate
levels were determined according to the International Federation of Clinical Chemistry and

Laboratory Medicine recommendations (Bermeyer et al., 1986).

2.8.3. Alanine Aminotransferase (ALT) and Aspartate Aminotransferase (AST)
A 5 ml SST vacutainer® of whole blood was drawn at every visit. Samples were analysed using
a Roche Cobas C 311 automated chemistry analyser (Kaplan et al., 2003, Moss et al., 1987) to
determine aspartate aminotransferase and alanine aminotransferase levels. ALT and AST
levels without pyridoxal phosphate activation were determined according to International
Federation of Clinical Chemistry and Laboratory Medicine recommendations (Bergmeyer et

al., 1986).

2.8.4. Gamma-Glutamyl Transferase (GGT)
A 5 ml SST vacutainer® of whole blood was drawn at every visit. Samples were analysed using
a Roche Cobas C 311 automated chemistry analyser (Kaplan et al., 2003, Moss et al., 1987) to
determine gamma-glutamyl transferase levels. GGT levels were determined according to
International Federation of Clinical Chemistry and Laboratory Medicine recommendations
(Bergmeyer et al., 1986) and optimally standardised against the original Szasz method (Szasz,

1976).

2.8.5. Full Blood Count
At each visit, a 4 ml ethylenediaminetetraacetic acid (EDTA) vacutainer’® of whole blood was
drawn and analysed for full blood count. Full blood count was primarily measured in the
interest of patients’ safety, to further validate any adverse events. However, within the full
blood count, variables of interest were platelets as they were required for calculating non-
invasive scores- specifically, NAFLD Fibrosis and Fibrosis-4 scores (see sections 2.12.3 and
2.12.4). Samples were analysed using a Sysmex XN-9000 Blood cell processing system. Platelet

levels were measured using a DC sheath flow detection method.

2.8.6. Albumin
Albumin was considered to be a variable of interest as it was used to determine a non-invasive
score- NAFLD fibrosis score (see section 2.12.3). A 5ml SST vacutainer® of whole blood was
drawn at every visit. Samples were analysed using a Roche Cobas C 311 automated chemistry

analyser (Kaplan et al., 2003, Moss et al., 1987) to determine albumin levels.

65



2.8.7. Cholesterol
A 5ml SST vacutainer® of whole blood was drawn at every visit. Samples were analysed using
a Roche Cobas C 311 automated chemistry analyser (Moss et al., 1987, Kaplan et al., 2003) to
determine cholesterol levels. The Roche cholesterol assay used meets the 1992 National
Institutes of Health (NIH) goal of less than or equal to 3 % for both precision and bias (Health,
1990).

2.8.8. Triglycerides
A 5ml SST vacutainer” of whole blood was drawn at every visit. Samples were analysed using
a Roche Cobas C 311 automated chemistry analyser (Kaplan et al., 2003, Moss et al., 1987) to

determine triglyceride levels with an enzymatic colorimetric test principle (Siedel et al., 1993).

2.8.9. Lipoproteins
A 5ml SST vacutainer® of whole blood was drawn at every visit. Samples were analysed using
a Roche Cobas C 311 automated chemistry analyser (Kaplan et al., 2003, Moss et al., 1987) to
determine Apolipoprotein A-1 (the major protein constituent of high-density lipoproteins
(HDL)) and Apolipoprotein B (the major protein constituent of low-density lipoproteins (LDL)).
Apolipoproteins were determined using the Immunoturbidimetric assay principle (Siedel et

al., 1988).

2.8.10. Insulin
A 5ml serum tube with a silicone-coated interior vacutainer® of whole blood was drawn at
three visits; baseline, post-VLCD and at 9 months follow up. Samples were analysed using a
solid phase two-site enzyme immunoassay within the Clinical Pathology accredited laboratory
(Mercodia Iso-Insulin ELISA). Repeated analysis was required due to large amounts of missing
or anomalous data. Repeated analysis of insulin was undertaken in a biosafety level 2
laboratory within Newcastle University using a solid phase two-site enzyme immunoassay

(Mercodia Iso-Insulin ELISA).

2.8.11. HbAlc
A 4 m| EDTA vacutainer® was drawn of whole blood at three visits; baseline, post-VLCD and at
9 months follow up. Samples were analysed using a TOSOH G11 analyser to determine

glycosylated haemoglobin (HbA1lc).
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2.9. Measures of deprivation
Deprivation scores were obtained using the Index of Multiple Deprivation (IMD) scoring
system (DLTR, 2000). This scoring system uses valid postcodes within England to determine a
deprivation score and relative quintile for each postcode. The IMD tool uses third party data
from Ordnance Survey Code-Point Open February 2013 and the Office of National Statistic

Indices of Multiple Deprivation 2010 to obtain deprivation scores.

2.10. Quality of Life
Patients were asked to fill out the Obesity and Weight-Loss Quality-of-Life (OWLQOL)
Instrument (see Appendix F for the full questionnaire) at baseline, post-VLCD, and following
6 months of weight maintenance (Patrick and Bushnell, 2004). This questionnaire gives a
quality of life (QOL) score and a weight related symptom measure, and has shown to be
reproducible in an obese cohort (intraclass correlation coefficient score >0.95) (Patrick et al.,
2004, Patrick and Bushnell, 2004). This QoL tool was used as it has been shown to be
responsive to significant weight loss, is brief and easy to complete and has been validated

using psychometric analyses (Patrick et al., 2004).

2.10.1. Quality of Life
All 17 OWLQOL items have a 7-point Likert-like response scale, ranging from 0 (Not at all) to
6 (A very great deal). All items are used with equal weighting to derive one single quality of
life score. To calculate scores, the numerical response to each item is reversed and all scores
are summed, and then the total raw score is transformed to a standardised scale of 0 to 100
using the formula as described in appendix A. Therefore, a score of 0 indicates the greatest
impact, and subsequently higher OWLQOL scores indicate a greater quality of life. Patients

are allowed to miss up to three items and the score is still able to be analysed.

2.10.2. Weight-Related Symptom Measure
The second half of the questionnaire is a 20 item, self-report measure for prevalence and

bothersomeness of weight related symptoms. There is a subset 9 items which specifically
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pertain to Weight-Related symptom measure (WRSM) of Diabetes-Related symptoms, and
therefore this instrument provides a total WRSM for obese patients, as well as a WRSM for
obese patients with diabetes. Patients are asked to identify which symptoms have affected
them over the past 4 weeks using ‘yes’ or ‘no’ boxes, and are then asked to what degree do
the symptoms bother them. The bothersomeness response options are presented as 7 point
scale, ranging from O (Not at all) to 6 (A very great deal). A total score for bothersomeness is
calculated by summing the total of the bothersomeness responses for each item. Total scores

range from 0 to 120, with greater symptom burdens indicated by a higher score.

2.11. Physical Activity and Sleep

2.11.1. NAFLD cohort
Free living physical activity and sleep were objectively assessed over seven days at three
intervals throughout the intervention- baseline (first week of VLCD intervention), post-VLCD,
and following 6 months of weight maintenance. GENEActiv tri-axial accelerometers
(Activinsights Ltd, United Kingdom), as pictured in Figure 2.3, were worn continuously by the
patients on either wrist for seven consecutive days at the three time points of measurement.
Accelerometers were returned by post and the data downloaded and stored. Patient
accelerometer data was only included for further analysis if monitor wear time included at
least 3 of the 7 monitored days and at least one weekend day. Previous research has shown
that at least three days of accelerometer data are needed to accurately predict PA levels in
older adults, compared with four days required when PA is determined by pedometer or a

self-report PA log (Hart et al., 2011).

2.11.2. Healthy controls
Healthy controls were age- and gender-matched to the existing baseline NAFLD cohort.
Healthy controls were recruited from advertisements around Newcastle University and
Newcastle upon Tyne Hospitals. University staff, friends and family expressed interest and
following a screening visit informed consent was obtained. Healthy controls then
continuously wore the accelerometers for seven consecutive days and they were returned by

post. Data was then downloaded and stored, and analysis was only undertaken if individuals
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had worn the accelerometer for at least three of the seven days and for at least one weekend

day.

Figure 2.3. GENEActiv tri-axial accelerometers (Activinsights Ltd, United Kingdom)

2.11.3. Analyses of physical activity and sleep data
Raw accelerometer data was processed in R (www.cran.r-project.org) using R-package GGIR
(Version 2.0-0) (Van Hees et al., 2013, Migueles et al., 2019, RCore, 2016). Calibration error
of the signals were inspected and corrected as described previously (Van Hees et al., 2014).
The inclusion of at least 16 hours of valid data for inclusion in the analysis has been described
elsewhere (Charman et al., 2016). The average magnitude of wrist acceleration per 5 second
epoch was calculated with metric ENMO (1 mg = 0.001 x gravitational acceleration) as
previously described (Van Hees et al., 2013). Monitor non-wear has been described previously
(Van Hees et al., 2013) and was replaced by the average accelerometer data on similar time
points on different days of the measurement (Van Hees et al., 2014, Sabia et al., 2014). The

imputation procedure has been described elsewhere (Charman et al., 2016). Time spent in

69


http://www.cran.r-project.org/

the following acceleration thresholds were calculated: inactivity (<40 mg cut-off) light physical
activity (40-100 mg cut-off); moderate physical activity (100-400 mg cut-off), vigorous
physical activity (>400 mg cut-off), moderate-vigorous physical activity (2100 mg cut-off)
(Hildebrand et al., 2014, Cassidy et al., 2018). Bouts of moderate-to-vigorous physical activity
are identified as all 1 or 5 min time windows that start with a 5 s epoch value equal or higher
than 100 mg and for which 80% of subsequent 5 s epoch values are equal to or higher than

the 100 mg threshold (Hildebrand et al., 2014).

Estimated total sleep duration (minutes) and sleep efficiency (%) based on absence of change
in arm angle greater than 5 degrees for a time period of 5 minutes or longer has previously

been described (Van Hees et al., 2015).

2.12. Health risk

2.12.1. Qrisk2
The Qrisk2 score is a means of calculating the risk of a cardiovascular event within the next
10 years, taking into account socioeconomic variables as well as medical variables. Risk factors
included self-assigned ethnicity, age, sex, smoking status, systolic blood pressure, total serum
cholesterol/ high density lipoprotein cholesterol ratio, body mass index (BMI) and presence
of rheumatoid arthritis, chronic renal disease, type 2 diabetes or atrial fibrillation.
Additionally, family history of coronary heart disease in a first degree relative under 60 years
of age is taken into consideration, as is the prescription of antihypertensive medication and
the Townsend deprivation score (Townsend et al., 1988). The output of the Qrisk2 calculation

is presented as percentage risk.

2.12.2. Homeostasis model assessment of insulin resistance (HOMA-IR)
The homeostasis model assessment of insulin resistance (HOMA-IR) was used to determine
insulin resistance (Bloomgarden, 2006). The HOMA-IR is the product of basal glucose and
insulin levels divided by 22.5 and has been widely validated as epidemiological tool (Bonora
et al., 2000, Keskin et al., 2005, Matthews et al., 1985). The HOMA of B-cell function (HOMA-
B) index is computed as the product of 20 and basal insulin levels divided by the value of basal

glucose concentrations minus 3.5 and has been indicated to be a good measure of B-cell
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function (Matthews et al., 1985, Wallace et al., 2004). HOMA-S is the inverse of HOMA-IR and

allows for the deduction of insulin sensitivity (%) (Levy, 1998).

2.12.3. NAFLD fibrosis Score
The NAFLD Fibrosis score (NFS) (Angulo et al., 2007) is a non-invasive system designed to score
and estimate the amount of scarring within the liver. This score is calculated as; -1.675 + 0.037
x age (years) + 0.094 x BMI (kg/m?) + 1.13 x IFG/diabetes (yes = 1, no = 0) + 0.99 x AST/ALT
ratio — 0.013 x platelet (x10°/1) — 0.66 x albumin (g/dl).

A NFS of <-1.455 indicates FO-F2, a score of -1.455-0.675 is considered indeterminate and a
score of >0.675 indicates F3-F4.

2.12.4. Fibrosis-4 score
The Fibrosis-4 score (FIB-4) (Vallet-Pichard et al., 2007) is a non-invasive method of estimating
the amount of scarring within the liver. FIB-4 scores were calculated as (age(years)x
AST(U/L))/(platelets (109/L)x square root(ALT). A FIB-4 score of <1.45 has a negative
predictive value of 90% for advanced fibrosis. Alternatively, a FIB-4 score of >3.25 has a
predictive value of 65% for advanced fibrosis, with a 97% specificity. The FIB-4 lower cut-off
for excluding advanced fibrosis was 1.3 for patients <65 years and 2.0 for age >65 (McPherson

etal.,, 2017).

2.13. Statistical analysis
Throughout this thesis IBM SPSS Statistics (version 24, IBM, Armonk NY) software package
was used to analyse the data. Statistical analysis that were repeated throughout this thesis

are detailed below.

Differences between baseline, post-VLCD and 9 months (Chapters 3 and 5) follow-up were
assessed by the use of a one-way ANOVA with Bonferroni post-hoc adjusted pairwise
comparisons analysis. Data was assessed for normality and outliers by Shapiro-Wilk test and
boxplots, whereupon excessively skewed data was squareroot transformed, logarithmic

transformed or assessed by Kruskal-Wallis H test. When the assumption homogeneity of
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variances was met, a one-way repeated measures ANOVA was used to determine statistical
significance, with significant results interpreted to determine possible group comparisons by
Bonferroni post hoc test. Assumption of sphericity was evaluated by Mauchly's test with
violated data assessed by Greenhouse-Geisser or Huynh-Feldt. Assumption of homogeneity
of variances were assessed by Levene's test for equality of variances. The distributional
assumption was used to determine if the Kruskal-Wallis H test was used to compare medians

or distribution.

Pearson product-moment or Spearman's rank-order correlation were used to determine the
strength and direction of a linear relationship between changes in weight throughout the
intervention and changes in other dependent factors (data obtained through the collection

of venous blood sampling).

For data analysed in the cohort analysis, data was assessed for normality using the same
methodology described above. Where data was normally distributed, an independent t-test
was used to compare group differences between waitlisted and non-waitlisted patients.
Where data was not normally distributed, a Mann-Whitney U test was used. Crosstabulation

was used to assess differences in categorical datasets between groups.

2.14. LIFT study
2.14.1. Recruitment
Data for the cohort analysis of all patients assessed for liver transplantation was obtained
through online records and transcriptions recorded from fortnightly transplant assessment
meetings where individuals’ cases were discussed, from January 2014-May 2017. Based on a
range of characteristics, such as general health/wellbeing at the time, ease of attending focus
groups and willingness to take part, patients who had been assessed for liver transplantation
at the Freeman Hospital were approached and invited to partake in a series of focus groups.

Family members were also invited to attend.

2.14.2. Focus groups
The first focus group aimed to capture patients and clinicians’ ideas and thoughts regarding
an exercise programme, with the purpose of determining facilitators to uptake and

adherence, as well as potential barriers that could be avoided. The second focus group aimed
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to reflect on themes obtained from the first focus group and gain further insight into factors
of acceptability towards the proposed intervention. The third and final focus group aimed to
present the preliminary prototype of the intervention and gain feedback in order to further
develop it in accordance with patients’ views. All focus groups were audio recorded,

transcribed verbatim and analysed for recurrent themes and thoughts.

2.14.3. Cohort Analysis
Data was obtained from electronic records and transcripts, and variables of interest were
used to compile a database. Data was divided between that of waitlisted and non-waitlisted
patients, and also divided by underlying aetiology. Subsequent analyses were undertaken
using IBM SPSS Statistics (version 24, IBM, Armonk NY) software package (see section 2.13 for

further information).
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3 Chapter 3: Feasibility of a very low calorie diet to achieve a sustainable 10% weight loss

in patients with non-alcoholic fatty liver disease
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Abstract

Objectives: Non-alcoholic fatty liver disease (NAFLD) is the most common liver condition
worldwide. A weight loss goal of 210% is the recommended treatment for NAFLD, however
only a minority of patients achieve this level of weight reduction with standard dietary
approaches. This study aimed to determine whether a very low calorie diet (VLCD) is an
acceptable and feasible therapy to achieve and maintain a 210% weight loss in patients with

clinically significant NAFLD.

Methods: Patients with clinically significant NAFLD were recruited to a VLCD (~800 kcal/day)
intervention using meal replacement products. Anthropometrics, blood tests (liver and
metabolic), liver stiffness and cardiovascular disease risk were measured at baseline, post-

VLCD, and at 9-months follow-up.

Results: 45 patients were approached, 30 were enrolled, 27 (90%) completed the VLCD
intervention and 20 (67%) were retained at 9-months follow-up. The VLCD demonstrated to
be feasible to deliver, and acceptable to patients. Analysis undertaken in all 30 patients,
irrespective of completion, found that 34% of patients achieved and sustained 210% weight

loss, 51% achieved >7% weight loss and 68% achieved >5% weight loss at 9-months follow-

up.

For those completing the VLCD, liver health (liver enzymes and liver stiffness), cardiovascular
disease risk (blood pressure and QRISK2), metabolic health (fasting glucose, HbAlc and
insulin) and body composition significantly improved post-VLCD and was maintained at 9-

months.

Conclusions: VLCD offers a feasible treatment option for some patients with NAFLD to enable
a sustainable 210%, weight loss, which can improve liver health, cardiovascular risk and

quality of life in those completing the intervention.

75



3.1 Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most common liver condition worldwide,
affecting an estimated 20-33% of the population in Western countries (Estes et al., 2018).
This condition is directly linked to chronic excess calorie consumption, lack of physical
activity/exercise and overweight/obesity. NAFLD is a spectrum of liver disease ranging from
isolated fatty liver through to non-alcoholic steatohepatitis (NASH), which can progress to
cirrhosis. Dual biopsy studies indicate that approximately 40% of patients with NAFLD develop
progressive liver fibrosis (McPherson et al., 2015). Ultimately, 5-11% develop advanced liver
disease and have the potential to develop cirrhotic complications (McPherson et al., 2015,
Anstee et al.,, 2013a). As a result, NASH is a common indication for liver transplantation
(Bellentani et al., 2010, Shaker et al., 2014). Stage of liver fibrosis is a strong predictor of both
liver-related and all-cause mortality in patients with NAFLD (Hagstrom et al., 2017, Taylor et
al., 2020). As such, a therapy that could halt or reverse liver fibrosis may reduce risk of liver-

related complications.

In the absence of approved pharmaceutical agents, lifestyle modification, involving weight
loss, is the primary recommended therapy for NAFLD (Chalasani et al., 2018, NICE, 2016c),
and a weight loss goal of 10% is recommended for patients with advanced NAFLD (Vilar-
Gomez et al., 2015, Dyson et al., 2014, Patel et al., 2009). A 2015 study found that 90% of
patients losing >10% body weight had resolution of steatohepatitis, and 81% showed
improvement in fibrosis (Vilar-Gomez et al., 2015). However, only 10% of those patients
maintained 10% weight loss at one year. A randomised controlled trial assessing the effect of
weight loss on NASH (Promrat et al., 2010) reported a relationship between percent weight
loss and improvement in NAFLD activity score (NAS). Patients who achieved weight loss of
>7% had significant histological improvements in steatosis, lobular inflammation, ballooning
injury and NAS when compared to those losing <7%. No change in fibrosis scores were
reported, and mean weight loss in the intervention arm was 9.3%. These studies highlight the
need for acceptable alternative interventions to elicit sustained weight loss of greater

magnitude in a larger proportion of individuals.

Very low calorie diets (VLCDs) have demonstrated to be a viable treatment strategy for people
with type 2 diabetes mellitus (T2DM) (Steven et al., 2016). Research has shown that VLCDs

are effective for achieving substantial weight loss, with high levels of adherence and low levels

76



of attrition in overweight and obese people with T2DM (Rehackova et al., 2016). A large
randomised controlled trial of VLCD (DIiRECT) conducted in primary care involving patients
with T2DM found that 24% of those in the intervention group lost 215 kg, and mean body
weight fell by 10 kg at one year follow-up (Lean et al., 2018). As well as this study reporting
sustained weight loss, 46% of patients had normalisation of blood glucose control at one year.
More recently, results derived from a 2 year follow up have been published; at 24 months
within the intervention arm, 11% of patients had sustained a weight loss of 15 kg or more,
compared to 2% from control arm. Within the intervention arm, 36% of patients had
sustained diabetes remission, compared to 3% of the control patients (Lean et al., 2019).
Another study showed that 45% of obese patients undertaking a 12-week VLCD maintained
>10% weight loss at one year follow-up (Jebb et al., 2017). Research suggests that VLCD may
also have a positive impact on fatty liver. One of the first VLCD studies in 11 patients with
T2DM (Lim et al., 2011) found that individuals treated with VLCD had a reduction in liver fat
(measured by MR spectroscopy) from 13% to 3%. Despite these findings, the VLCD approach
has not been formally assessed as a treatment strategy for NAFLD. The totality of these
changes could be beneficial to patients with NAFLD in reversing liver disease or halting disease

progression, and reducing other obesity-related risk factors.

The primary aim of this study was to determine whether a minimum 8-week VLCD is a feasible
and acceptable therapy to achieve a target weight loss of 10% in patients with clinically
significant NAFLD, and whether weight loss could be maintained for at least 6-months
following completion of the VLCD. Secondary outcome data were collected to characterise
the effects of VLCD upon factors that influence the development and progression of NAFLD.
This study hypothesised that a VLCD intervention would be feasible to recruit to and
acceptable to patients with advanced NAFLD. Furthermore, this study hypothesised that it is
feasible for some patients with advanced NAFLD to achieve a significant weight loss of 10%

of their initial starting body weight following an 8-12 week 800 kcal/day intervention.
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3.2 Patients and Methods

3.2.1 Study design and sample size
This single-arm, single-centre feasibility study aimed to establish whether it is feasible to

recruit patients with advanced NAFLD to partake in a VLCD and retain them for the duration
of the study. Furthermore, this study aimed to assess if this intervention is acceptable to
people with advanced NAFLD and if it is people for the recruited patients to achieve a
significant weight loss of 10% of their initial body weight. Therefore, an embedded
qualitative study (Chapter 4) was incorporated to capture the views of patients and explore
barriers and facilitators towards enrolment and adherence. This study did aim to compare
the efficacy of a VLCD to other current treatments or care pathways within standard care,
therefore a single arm was considered sufficient to inform the feasibility of recruiting to the
intervention. The results of this study are intended to inform if progression to a larger scale
study might be suitable, in order to determine the efficacy of a VLCD to achieve 10% weight
loss and improve parameters of liver health. While formal progression criteria weren’t
predetermined, data obtained from this study could be useful in order to inform a power
calculation to potentially determine the sample size of a larger study to ensure adequate
statistical power when assessing efficacy to achieve significant weight loss and/or

improvements in markers of liver health.

A target sample size of 30 was determined in line with previous literature (Lancaster et al.,
2004, Browne, 1995). However, other literature is conflicting and suggests a sample size of
up to 50 for a feasibility trial (Sim and Lewis, 2012). While a larger sample size may confer
greater confidence in any onwards power calculation or the acceptability of the VLCD, in this
instance it was critical to work within the constraints imposed by funding limitations and the
time scale of this PhD project. Overall, it was judged that a target sample size of 30 would be
adequate to inform feasibility to recruit to a perceived drastic intervention such as a VLCD
and subsequent acceptability.

3.2.2. Recruitment and patients
Forty five patients with a diagnosis of clinically significant NAFLD and a BMI > 27 kg/m? were
approached to take part in the study. Thirty patients agreed and were subsequently recruited
from hepatology clinics within the Newcastle upon Tyne Hospitals NHS Foundation Trust

(NuTH) from January to July 2019.
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3.2.3. Inclusion criteria
To facilitate recruitment, clinically significant NAFLD was defined using imaging evidence of
steatosis plus an indeterminate or high NAFLD Fibrosis Score (= -1.455) or FIB-4 (>1.3 if age
<65; > 2.0 if age 265) (Angulo et al., 2007, McPherson et al., 2010, McPherson et al., 2017), or
histological evidence of NASH with fibrosis. By including patients with “indeterminate/high
risk” NAFLD without a liver biopsy, the pool of eligible patients was substantially increased
and this also meant that the results of the study were applicable to a wider NAFLD population.
Patients with compensated NASH cirrhosis (Child-Pugh score <7) were also eligible to
participate. Other inclusion criteria specified age 218 years, weight stability (+/-3%) since

biopsy/non-invasive assessment of liver health and capacity to provide informed consent.

3.2.4. Exclusion criteria
Patients were excluded if they had evidence of co-existing liver disease (e.g. autoimmune liver
disease, viral hepatitis, alpha-1 anti-trypsin deficiency, haemochomatosis or Wilson’s
disease), decompensated NASH cirrhosis (Child Pugh score > 7), current treatment with anti-
obesity drugs, a diagnosed/previous eating disorder or purging, excessive alcohol
consumption (>21 units/week for males; >14 units/week for females), insulin use to manage
T2DM, known cancer, myocardial infarction within six months, and pregnant/considering

pregnancy. Subject characteristics can be found in Table 3.3.

3.2.5. Ethical approval
The study protocol was approved by North East-Newcastle & North Tyneside 1 Research
Ethics Committee (REC reference: 18/NE/0179). This study was retrospectively registered to
the ISRCTN registry (ISRCTN Register number: ISRCTN85177264, date assigned to register:
08/08/2019). While this study was registered after closure of recruitment and during data
collection, it was registered prior to data analysis. All patients provided written informed
consent. Following withdrawal from the study, patients were no longer followed up by the
research team and usual clinical care continued. Data was collected and analysed up until

their most recent visit.

79



Baseline (visit 1) Post- VLCD Final (visit 13)

(visit 6) -
A A
— =) = —
— -_— — _— o~
2 2 = ™ a @ i 2 2 i
@ £ 8 ] =2 > = > > S
=3 =3 s =) =Y = S Py < ®
— m n ~ - S 9 ~ ~ 9
- "
; 8 E 3 5 3 F 3 E 3
1) @ @ 1]
= = 2 = 2 2 2 2 2 g
A A A ,I; A A A A & A
Week 0 Week 8 Week 32
Very low calorie diet phase Food reintroduction Weight maintenance phase

phase

Baseline visit: informed consent, weight, height, waist/hip circumference, blood pressure, fasting bloods, body composition, Fibroscan, non-invasive scores (NFS, FIB-4,
QRISK2), OWLQOL questionnaire

Post-VLCD/post-weight maintenance visits: weight, waist/hip circumference, blood pressure, fasting bloods,, body composition, Fibroscan, non-invasive scores (NFS, FIB-4,
QRISK2), OWLQOL questionnaire

Interim visits: weight, waist/hip circumference, fasting bloods, blood pressure

Figure 3.1. Summary of the study schedule and highlights the investigations completed at each visit
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3.2.6. Study outcomes
Primary outcomes: Feasibility and acceptability of the VLCD, including feasibility of
recruitment, retention and delivering the VLCD, and acceptability of the VLCD to patients and
percentage of patients achieving 210% weight loss and sustaining it for at least 6-months

following completion of the VLCD intervention.

Secondary outcomes: Absolute change in body weight; change in clinical blood markers;
change in cardiac (QRISK2/blood pressure/lipids) and T2DM risk (HbAlc/HOMA-
IR/glucose/medication changes); and quality of life (all measured post-VLCD and at 9-

months).

3.2.7. Anthropometry
Body weight (kg) and height (cm) were measured using an electronic stadiometer (SECA 799,
SECA UK). In those lost to follow-up, weight was measured at their next routine clinic visit as
per standard care, the majority within 8-weeks of their planned final study visit. Waist
circumference was measured at the mid-point between the lower costal margin and the level
of the anterior superior iliac crests. Hip circumference was measured at the level of the
greater trochanter. Body composition was measured using 8-point Bioelectrical Impedance

Analysis (SECA BIA mBCA 525 machine, SECA, UK).

3.2.8. Blood samples
Fasting samples were analysed in a Clinical Pathology Accredited laboratory (Newcastle Upon
Tyne Hospital NHS Foundation Trust, Department of Clinical Biochemistry) for: Liver enzymes
(including alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma
glutamyltransferase (GGT)), fasting glucose, HbAlc, insulin, lipid profile and full blood count

(FBC). See section 2.8 for a more detailed description.

3.2.9. Liver stiffness
Liver stiffness measurement (LSM) was obtained using FibroScan Mini 430 (Echosens, Paris).
All patients were fasted for at least 8h before the procedure. The LSM score was represented
by the median of 10 measurements and was considered reliable only if at least 10 successful
acquisitions were obtained and the IQR-to-median ratio of the 10 acquisitions was <0.3 or if

the LSM was <7.1kPa.
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3.2.10. Non-invasive risk scores
The NAFLD Fibrosis Score (NFS) (Angulo et al., 2007) and Fibrosis-4 (FIB-4) Score (Sterling et
al., 2006) - validated non-invasive systems to diagnose or exclude advanced liver fibrosis,
were calculated from blood tests at clinic visits. The QRISK2 (Hippisley-Cox et al., 2008) was
calculated to estimate the risk of an individual having a cardiovascular event within the next
10 years. The homeostasis model assessment of insulin resistance (HOMA-IR) was used to
determine insulin resistance (Bloomgarden, 2006) (see Chapter 2.12). All were calculated for

each patient at baseline, post-VLCD and at 9-months follow-up.

3.2.11. Quality of life
Patients completed the Obesity and Weight-Loss Quality-of-Life (OWLQOL) Instrument
(Patrick and Bushnell, 2004) which gives a Quality of Life (QOL) score (17 item) and a Weight-
Related Symptom Measure (WRSM) (20 item). Lower scores in the QOL section indicate a
poorer QOL; higher scores in the WRSM section indicate greater symptom burden (see

Chapter 2.10).
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3.3. Intervention protocol
Figure 3.1 outlines the structure of the study intervention, as described throughout the
following section. See Appendix G for a detailed description of data collected at each time
point.
3.3.1. VLCD Intervention
Patients were prescribed an 8-week VLCD (~800 kcal/day) intervention. In the event that
consistent compliance with the diet was not possible throughout the 8-week period due to
external factors (e.g. hospital admissions or travel), the intervention was extended for an
additional four weeks, to a maximum VLCD intervention of 12 weeks. Following completion,

patients moved on to the food-reintroduction phase of the intervention.

The VLCD intervention was supervised by a member of the Research Team and patients were
provided with meal replacement products (Optifast, Nestlé Health Science. Nutritional
content: fat 19.4%kcal; carbohydrate 43.4%kcal; fibre 3.5%kcal; protein 33.7%kcal) free of
charge (see Figure 3.2 for the range of flavours available to patients). In addition, patients
were encouraged to eat three portions (240 g) of non-starchy vegetables and drink at least
two litres of water or calorie-free beverages each day (Appendix H: Newcastle Diet Plan) and
were permitted up to 100 ml of semi skimmed milk per day in hot beverages (see Figure 3.3).
See Appendix | for a full nutritional breakdown of each of the Optifast products used within
the VLCD. One-to-one support was provided weekly throughout the VLCD phase by a tailored
combination of phone calls, emails and face-to-face appointments to maximise adherence to
the protocol and to minimise drop out. Patients were provided with scales to weigh
themselves at home if needed. Dietary compliance was monitored by change in body weight.
Patients were asked to maintain their usual physical activities during the VLCD but not to

increase their activity levels during this phase.
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Figure 3.3. Composition of 800kcal/day VLCD

3.3.2. Food reintroduction
Following completion of the VLCD phase, patients were supported to follow a stepped return
to normal eating over a 4-week time period (described in Figure 3.4). This involved replacing
one meal replacement product with normal food in the first two weeks, with education on
portion size using the “Carb and Calorie Counter” manual (Cheyette, 2010). Two normal meals
were introduced during weeks 3 and 4. If desired, this phase was extended to 6-weeks to help
manage individual needs. Specific individualised dietary advice was provided using a food
exchange model. The goal was to limit energy intake to individual requirements to maintain
weight and patients received support to overcome behavioural barriers (e.g., resisting
temptation). Patients were advised to monitor their weight weekly at home and were
encouraged to monitor their caloric intake. Each patient was provided with two resource
books which contained low calorie meal plans, recipes and snack ideas (Cheyette, 2017), and
information relating to the portion sizes and nutritional value (calories, protein, fat,
carbohydrate and fibre) of common foods (Cheyette, 2010). Patients were encouraged to

increase their physical activity levels during food introduction, and pedometers (Omron
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Walking Style One 2.0, Omron Healthcare UK Ltd) were provided for self-monitoring of daily
step count. If appropriate, patients were referred to local “Exercise on Referral Schemes” for
more structured exercise programmes (seven of our cohort were referred). To allow flexibility
for patients, the food reintroduction phase could be between 2-6 weeks, depending on the
individual’s confidence in themselves to not rapidly regain weight by returning to previous
dietary habits. Patients were asked to attend fortnightly visits during this stage of the

intervention, shown in Figure 3.1.

Total Diet Return to food
Replacement based diet

NN N

?T_EA: oI!TIFAST;«.;,,« ?ﬁh OPTIFAST: % OPTIFASTE, ={°c..~ & @

b strawberry_f p ! . R Sttt

E'}L' = N ‘ R, e e ,:c:cge}/g
== § ‘ = B ‘e P

. OPTIFASTE ?mﬁ OPTIFAST-

M' shake strawberry._f '.‘ shole strawberry_f

e e

N ;
"“ Qh‘ah strawberry_|f g %":‘EU <. s{{h\/‘ ::::‘Q&—/ ;
=r 3/ Q) QO
S r ’ifr-' ; "'-’
8-12 weeks ~ 4 weeks
< >

Figure 3.4. Process of stepped food reintroduction from VLCD to food-based diet, with the
first column depicting 3 meal replacement products a day and a gradual increase of food

based meals throughout the following columns.
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3.3.3. Weight maintenance
As part of the final phase of the intervention, patients were advised to follow a food-based
diet and were provided with an individually tailored energy prescription, in order to prevent
weight regain and support weight stabilisation and/ or further weight loss. Patients were also
given the option of using one sachet of liquid formula diet per day. Review appointments
were at approximately monthly intervals, where weight, blood pressure, waist and hip
circumference were monitored and fasting bloods are taken (liver enzymes, glucose, lipid

profile and full blood count), as per Figure 3.1.

Those who were physically capable were advised to increase their daily physical activity or
exercise. Pedometers were provided to those who were interested in monitoring their daily

step count, in order to allow patients to monitor and increase their daily physical activity.

During the follow-up period, if patients experienced weight regain, they were able to restart
the VLCD for 2-4 weeks, with fortnightly reviews during this time, as per the protocol for the
initial VLCD (n=3). Alongside the VLCD, support for weight regain included an exploration into

the reasons for weight regain, in order to provide support to prevent recurrence.

Justification for intervention

An 8-12 week VLCD intervention comprising of meal replacement products was chosen as
previous research in similar populations has used a similarly structured intervention (Astbury
et al., 2018, Lean et al., 2018). Specifically, in populations with obesity (DROPLET study) and
with T2DM (DIiRECT). Given the underlying pathophysiology of NAFLD (Chapter 1, Section
1.2.2), there is likely significant overlap in patient demographics between a NAFLD cohort and
cohorts of T2DM and obesity. In the aforementioned previous literature, the VLCD has been
undertaken with minimal adverse events, and therefore was judged that it would be suitable
safe for the NAFLD cohort. Furthermore, a VLCD was chosen over other dietary interventions
due to its highly structured nature, which leaves less room for misunderstanding what to eat
compared to other food based dietary interventions. A primary outcome of this study was to
determine the number of people to achieve 10% weight loss, and the 8-12 week 800 kcal/day
intervention has previously been shown to be efficacious to achieve such a significant weight
loss in other obese cohorts (Lean et al., 2018, Astbury et al., 2018). Importantly, a research

dietician from the DIRECT study provided training to the members of the research team of
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this study who would be delivering the intervention, which was considered beneficial as this
likely improved the fidelity and faithfulness of the delivery of the VLCD intervention. This
overall ensured that those who delivered the intervention had all received the same training
and could deliver it in a more reproducible manner than if an intervention without training
had been used. Briefly, training on how to deliver the intervention covered key behaviour
change techniques that have been successfully employed to provide support to patients with
T2DM in the DIiRECT study and therefore informed the behavioural support to be provided to

patients in this study.

3.3.4. Changes to medication and safety measures
Sulphonylurea oral hypoglycaemic agents (Gliclazide, Glimepiride, Tolbutamide) were
withdrawn on commencing the VLCD, as per the study protocol. Any other diabetic
medication was continued as normal throughout the study unless specifically instructed by a
member of the research team and regular glucose monitoring was undertaken. Blood
pressure was monitored regularly as part of the study protocol, and adjustments made to
blood pressure lowering medications made as required. All other medications were continued
as usual. Any changes to medication were made by a qualified member of the research team

and the patient’s GP informed.

Blood pressure, fasting glucose and symptoms of postural hypotension were monitored at
each visit. In the event of symptoms relating to these measures, medications were adjusted
accordingly by a qualified member of the research team, if necessary, using standard
protocols under national clinical guidelines (Appendix J: Protocols for management of
inadequate blood glucose control and blood pressure). Enquiries at each visit were made to
identify the occurrence of adverse events, and were recorded. Observation and results which
posed a potential health risk were identified, discussed with the patient and reported to their

GP with the patient’s consent via letter/phone call.

If patients dropped out of the study who had had their medication altered as part of the VLCD
intervention, the patient was advised to make an appointment with their GP to discuss

reviewing/resuming their medication needs.
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3.4. Data analysis
All primary and secondary data analyses were performed using IBM SPSS version 24 (IBM, NY,
US). Continuous data were tested for normality using the Shapiro-Wilk test and data are
presented as means * SD, unless otherwise stated. Within-group changes were assessed by
repeat measure one-way ANOVA, or by Kruskal-Wallis analysis where data was non-
parametrically distributed. P-values <0.05 were considered statistically significant.
Correlations were measured using a Pearson Correlation Coefficient. Overall p-value in Table
3.3 represents results derived from one-way ANOVA, with further significance explored using
a Bonferonni corrected post-hoc analysis. Data for the primary endpoint and overall weight
loss outcomes were analysed using the data from all participants, irrespective of completing
the intervention to 9 months. Where data was unavailable for weight for this analysis,
patients were contacted and asked to provide an up to date weight. If this was not possible,
weight recorded at their most recent study visit or general hepatology clinic visit was used, as
agreed with patients at the time of enrolment. Henceforth throughout this this, analyses
where all 30 patients have been included will be referred to as ‘irrespective of completion’
(10C) analyses. The analysis that was conducted to assess the changes in clinical parameters
used patients with full datasets across the 9 month intervention, as is required for analysis by
ANOVA. No attempts were made to analyse the data sets where there was missing data, as
the data was not missing at random (MAR) and therefore could not be accurately fitted to

any predictive mixed models or accounted for using missing data imputation.
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3.5. Results

3.5.1. Primary outcomes
The primary outcomes of this study were feasibility to recruit to and deliver the intervention,
patient acceptability of the intervention and achievement of 10% weight loss at follow-up.
This study was fully recruited at a single site within six months, indicating feasibility to recruit
to the sample size target. Of the 45 patients approached to take part in this study, 30 (67%)
consented to enrol. Overall, 27 (90%) patients completed the VLCD phase of the intervention
(16 patients completed 8-weeks of VLCD; 11 completed 8-weeks plus the optional 4-week
extension period). Of these, 20 (67%) remained in the study to the end of the 9-month follow-
up period - see Figures 3.5 and 3.6 for patient flow through the study and description of
withdrawals/dropouts. See Table 3.1 for a description of baseline characteristics of all
patients recruited and enrolled to the study, and Table 3.2 for a summary of baseline
characteristics of patients who dropped out throughout the duration of the study. Other data
relating to the feasibility and patient acceptability of this intervention is discussed in greater
detail in Chapter 4.

3.5.1.1. Adherence to the intervention and fidelity of intervention delivery

No formal data was obtained in relation to patients’ adherence to the intervention
throughout the VLCD phase. Similarly, no formal data was reported on the fidelity of the
intervention delivery, although the intervention was delivered by largely the same two

members of research team with each study visit following the same structure.
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Figure 3.5. Patient flow throughout the study
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Table 3.1. Baseline characteristics of patients recruited to the study

Subject Characteristics Baseline
(n=30)
Age (years) 56 +12
Sex (n) male/female 18/12
Time since NAFLD Diagnosis (months):
Mean 28.4+31.7
Median (range) 13.5(1-113)
Anthropometry
Weight (kg) 119+ 25
Height (m) 1.7+0.9
BMI (kg/m?) 42 +8
Waist circumference (cm) 126 £ 16
Hip circumference (cm)* 126 + 15
Fat mass (%) 45+ 7
Skeletal muscle mass (kg): 295
Blood pressure: systolic (mmHg) 144 + 15
diastolic (mmHg) 86+11

Blood samples

Total cholesterol (mmol/L) 43+0.9
Triglycerides (mmol/L) 2.1+1.8
HDL (mmol/L) 1.2+0.3
LDL (mmol/L) 2.2 +0.8
AST (1U/L) 35+18
ALT (1U/L) 47 +30
GGT (IU/L) 82+74
Fasting glucose (mmol/L) 7.5+23
HbAlc (mmol/mol) 50+13
Insulin (pmol/L) 150 + 104

Fibroscan (n=27)
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Stiffness (kPa) 13.0+6.6
IQR (kPa) 3.5+3.0
Non-invasive scores

FIB-4 15+1.0
NAFLD Fibrosis Score -0.5+1.9
QRISK2 15.5+14.2
HOMA-IR 29+1.8
Weight-related Quality of Life (OWLQOL) (n=27)
Quality of Life 44 + 26
Weight-related symptom measure 46 £ 31

Table 3.2. Baseline characteristics of patients who withdrew from the study at post-VLCD
(n=3) and follow-up (n=10)

Subject Characteristics Post-VLCD Follow-up
(n=3) (n=10)

Age (years) 63 +18 51+10

Sex (n) male/female 2/1 8/2

Time since NAFLD Diagnosis (months):

Mean 30.5+14.8 38.5+13.6

Median (range) 30.5 (20-41) 335 (4-96)

Anthropometry

Weight (kg) 139.7 + 43.5 128.1 + 25.4

Height (m) 1.7 +0.1 1.7+0.1

BMI (kg/m?) 47.8+10.3 429+9.3

Waist circumference (cm) 137.7+ 14 131.8 £ 18.5

Hip circumference (cm)* 139.3+9.7 125.7 £ 13.6

Fat mass (%) 48.2 £8.2 42.3+3.0

Skeletal muscle mass (kg): 35.6+12.5 354+6.6

Blood pressure: systolic (mmHg) 139.3+1.2 140.5+12.3
diastolic (mmHg) 87.0+11.4 90.8+9.8

Blood samples
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Total cholesterol (mmol/L) 3.6%+0.2 4.2+0.3
Triglycerides (mmol/L) 1.3+0.1 2.1+0.9
HDL (mmol/L) 1.4+0.4 1.0+0.1
LDL (mmol/L) 1.7+0.2 2.2+0.7
AST (1U/L) 30.5+149 26.7+129
ALT (1U/L) 21.5+6.4 39.8+24.0
GGT (IU/L) 58.0 + 15.6 46.8 +25.0
Fasting glucose (mmol/L) 6.9+2.3 6.7+1.6
HbA1lc (mmol/mol) 43.5+20.5 47.3+11.0
Insulin (pmol/L) 155.5+121.3 138.4+119.0
Fibroscan

Stiffness (kPa) N/A 10.4 +2.3
IQR (kPa) N/A 1.8+0.8
Non-invasive scores

FIB-4 2722 0.9+0.3
NAFLD Fibrosis Score 1.8+0.4 0.6+3.0
QRISK2 19.5+16.4 9.8+6.8
HOMA-IR 34121 2.2+0.9
Weight-related Quality of Life (OWLQOL)

Quality of Life N/A 41.8 +26.0
Weight-related symptom measure N/A 53.2+319

N/A depicts where insufficient data had been obtained to calculate a mean + SD. Data

presented at follow includes the data (n=-3) of those dropped out during the VLCD.

3.5.1.2.

Overall 34% (n=10) of patients achieved the primary outcome of a sustained 210% weight loss
at 9-months follow-up, 51% achieved >27% weight loss and 68% achieved >5% weight loss.
Mean weight loss was 10.3 + 10.3 kg (range: -42.2 to +6.8 kg) or 8.9 + 8.1% (range: -29.5 to
+5.2%). At 9-months, those who completed 12-weeks of the VLCD had maintained

significantly more weight loss than those who completed 8-weeks of the VLCD (13.4 + 7.8%

vs 4.4 £ 5.4%, p=0.002).

95

Irrespective of completion (I0C) analysis of weight change at 9-months




3.5.1.3.  10C analysis of weight change post-VLCD phase
At the end of the VLCD phase, 53% (n=16) of patients achieved >10% weight loss, 63%
achieved >7% weight loss and 77% achieved >5% weight loss. Mean weight loss was 11.3 +
7.7 kg (range: -38.7 to +1.7 kg) or 9.7 + 5.8% (range: -26.4 to +1.3%). Post VLCD, those who
completed 12-weeks of the VLCD had lost significantly more weight than those who
completed 8-weeks (13.6 +5.1% vs 7.2 + 4.6%, p=0.002).

3.5.1.4. Adverse events
No treatment related serious adverse events were reported during the study. The most
common side effects reported during the VLCD phase were constipation, dizziness,
headaches, and increased sensitivity to cold, reported by 37%, 19%, 11% and 7% of patients

respectively. No side effects were reported during food reintroduction and follow-up.

3.5.1.5.  Baseline characteristics
60% of patients recruited were male and mean age was 56 *+ 12 years. The mean weight and
BMI at baseline were 119 + 25 kg and 42 + 8 kg/m? respectively. At baseline, 14 (47%) patients
had a BMI between 30-40 kg/m?, 13 (43%) had a BMI between 40-50 kg/m? and 3 (10%) had
a BMI >50 kg/m? (see Tables 3.1 and 3.5). Overall, 16 (53%) patients had T2DM and 13 (43%)
patients had the full metabolic syndrome, at baseline as defined by Huang et al. (Huang, 2009,

Zimmet et al., 2005).

All patients had either an intermediate/high NFS or intermediate/high FIB-4; 16/30 also had
NASH with fibrosis on biopsy (2 with F1, 6 with F2, 5 with F3 and 3 with F4), as reported using
the Kleiner (Kleiner et al., 2005) scoring system. The baseline LSM was 13.0 kPa (+ 6.0 kPa;
n=27) and 17 had an LSM >8 kPa. Baseline NFS and FIB4 were -0.05 (+ 2.1) and 1.5 (* 1.0)

respectively (Table 3.1).

3.5.1.6. Per-protocol analysis of weight and body composition outcomes
All patients completing the VLCD (n=27) lost weight and maintained weight loss at 9-months
follow-up. 59% (n=16) of those who completed the VLCD phase achieved >10% weight loss
post-VLCD. Mean weight loss immediately after the VLCD, in those completing the
intervention, was 12.6 + 7.7 kg (range: -38.7 to -3.2 kg) or 10.8 + 5.8% (range: -26.4 to -3.3%),
as shown in Figure 3.7. Weight loss at 12-weeks for all patients completing the VLCD
(regardless of length of VLCD) was 12.9 + 8.3kg and 11.4 + 6.1%. Overall, 80%, 75%, and 50%
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of patients achieved 25%, 27% and 210% weight loss respectively at 9-month follow-up, and

the mean overall weight loss was 13 kg (range: -42.6 to -0.3 kg) (12% of total body weight).
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Figure 3.7. Percentage weight loss for the duration of the study. 16 patients completed the
VLCD phase at week 8 (visit 6), while 11 patients extended the VLCD phase to week 12 (visit

8). 20 patients completed the 9-month visit (visit 13).

Between the end of the VLCD and 9-month follow-up, 45% of patients lost further weight
(mean further weight loss of 3.3 kg (range: -11.0 to -0.8 kg)) and 55% regained weight, with a
mean overall weight regain of 3.2kg (range: 1.3 to 4.8 kg) from their post-VLCD weight,
equivalent to 3.4% (range: 0.9 to 5.7%). Following weight regain, no patients exceeded their
baseline weight at 9-months. Mean BMI decreased from 40 kg/m? (range: 30.3 to 62.3 kg/m?)
at baseline to 35 kg/m? (range: 26.3 to 58.8 kg/m?) post-VLCD and 35kg/m? (range: 27.5 to
57.8 kg/m?) at 9-month follow-up. Moreover, mean total body fat mirrored these findings

falling from 45% to 41% post-VLCD and 41% at 9-months. Skeletal muscle mass did not change
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significantly between baseline and post-VLCD (29 + 5 kg vs. 27 + 5 kg, p=0.219), or between
post-VLCD and 9-month follow-up (27 + 5 kg vs. 26 + 6 kg, p=0.617). However, there was a
significant decrease observed between baseline and 9-months (29 + 5 kg vs. 26 * 6 kg,

p=0.009).

3.5.2. Secondary outcomes

3.5.2.1.  Liver health
Figure 3.8 presents the changes in ALT, AST and GGT throughout the VLCD intervention and
through the maintenance period to 9-month follow-up. Overall, liver enzymes significantly
improved from baseline to post-VLCD, and these improvements were maintained at 9-
months. Interestingly, there was a significant rise in liver enzymes one week into the VLCD
that had returned to baseline by week four. There were no significant relationships between
total weight loss (%) and change in AST (r=0.365, p=0.061), ALT (r=0.215, p=0.281) or GGT
(r=0.181, p=0.377) over the study period in the whole cohort or in the subset of patients with
elevated liver enzymes at baseline. There were no significant changes in bilirubin or platelets

throughout the study period (p>0.05).

Figure 3.9 indicates the changes throughout the VLCD intervention in AST and ALT in a
subsection of patients (n=15) who presented with abnormally elevated enzymes at baseline
(AST>35 IU/L and ALT=45 IU/L). This depicts a significant reduction in ALT and AST between
baseline and post-VLCD, with an initial increase observed within the first week (between
baseline and visit 2), with a subsequent reduction to approximately baseline values over the
following two weeks (between visit 2 and visit 3). This is largely similar to the pattern of

change shown in ALT and AST for the whole cohort.

LSM (Figure 3.8) also improved significantly between baseline and post VLCD (12.7 + 7.4 kPa
to 7.5 + 2.3 kPa) and this was maintained at 9-month follow-up (6.9 * 2.0 kPa, p=0.001).
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Figure 3.8. Liver health: AST, ALT and GGT for the duration of the study (n=30 at baseline, n=28
at visit 3, n=27 at visit 5, n=20 at visit 13). Liver stiffness (kPa) at baseline, post-VLCD and 9-

months.
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Figure 3.9. Changes in ALT and AST throughout VLCD intervention in those with elevated AST

and ALT values. Between baseline and visit 6, n=27. Between visit 6 and visit 8, n=11, reflecting

the 11 participants who elected to extend the VLCD phase.
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3.5.2.2.  Metabolic control
Metabolic control (Glucose, HbAlc and insulin; Figure 3.5 and Table 3.5) improved from
baseline to post-VLCD and these improvements were maintained at 9-months. Overall, 47%
of patients were prescribed oral antidiabetic medications at baseline and this reduced to 30%
at 9-month follow-up. Three patients (10%) had their diabetes medications withdrawn
altogether and five other patients (16%) had their dosage reduced. At 9-months, 9/12 patients
with diabetes had achieved good control of their diabetes (HbAlc <48mmol/mol) (Oze-Fukai
et al.,, 2008). Insulin sensitivity also improved with a reduction in HOMA-IR from 3.2 at

baseline to 2.1 post-VLCD, to 1.8 at 9-month follow-up.

3.5.2.2.1. Discrepancies between insulin analyses
Initial analysis of insulin data was determined to not be adequate due to large amounts of
missing or anomalous data. Therefore, repeated analysis was undertaken, which elicited
significantly different results to initial results. Initial analyses provided sample numbers of 28,
25 and 14 at baseline, post-VLCD and at follow up, respectively. Repeat analysis provided
sample numbers of 29, 27 and 20 at baseline, post-VLCD and at follow up, respectively. Data
reported from the secondary analyses of insulin had a small coefficient of variance (CV),
whereas this data was not reported with the primary analyses. Furthermore, a much greater
sample size was successfully analysed in the secondary analysis and the reported changes in

insulin were consistent with NAFLD improvement.

Table 3.3. Differing means # SD between the first and second analyses of insulin at baseline,

post-VLCD and follow up.

1t analysis 2" analysis
Baseline 135+ 85 150 + 104
Post-VLCD 92+91 118 £ 133
Follow up 138 +77 92+72

Figure 3.10 shows the variance between the insulin analyses. Insulin, and insulin related data
discussed going forward is presented using the secondary analyses that was completed. This
is due to the significantly larger sample sizes within this analysis, and significantly fewer

anomalous results.
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Figure 3.10. Bland-Altman plots depicting the differences in results obtain between insulin
assays undertaken by NuTH hospitals (1%t analysis) and by ourselves within the Newcastle

University laboratories (2" analysis) at baseline, post-VLCD and follow-up.
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3.5.2.3.  Cardiovascular disease (CVD) risk

Cardiovascular changes seen during the study period are shown in Figure 3.5 and Table 3.5.
Overall, there was a significant reduction in blood pressure from 148/85 mmHg to 134/81
mmHg post-VLCD, which elevated slightly at 9-month follow-up, but did not exceed baseline
with a mean blood pressure of 138/83 mmHg. QRISK2, a measure of 10-year risk of
cardiovascular events, reduced significantly from 17.1% to 12.6% post-VLCD suggesting a
global improvement in CVD risk. This also increased slightly at 9-month follow-up but did not
exceed baseline with a final QRISK2 score of 13.3%. QRISK2 fell from >10%, a treatment
threshold determined by NICE for primary prevention of CVD, to <10% for 5 (19%) patients
post-VLCD and 12 (60%) of those who completed the 9-month follow-up phase (NICE, 2016b,
England, 2013).
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Figure 3.11. Cardiometabolic risk factor changes throughout study period. Analysis in patients

with complete data sets.
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3.5.2.4.  Quality of life (QoL)
Patients reported a significantly increased quality of life at 9-month follow-up with a decrease
in weight-related symptoms. QoL score improved from 42 at baseline to 57 post-VLCD, and
56 at 9-months follow-up (Figure 3.12). Weight-related symptoms score improved from 44 at

baseline to 28 post-VLCD and 28 at 9-months follow-up.

In addition, 30% of patients reduced the number of medications they were taking during the
study (see Table 3.4), with polypharmacy reducing from 7 patients at baseline to 5 patients
post VLCD to patients at follow-up. Mean number of medications being taken decreased from
2.5 per patient at baseline to 2.3 patients post-VLCD to 2 patients at follow-up. Table 3.4
further depicts the changes in different types of medications; antihyptertensive, antidiabetic,

statins and antidepressants.
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Figure 3.12. Quality of Life and Weight Related Symptoms at key time points in the study. (An
increase in QoL scores indicates better QoL and a decrease in weight-related symptoms

indicates an improvement). Analysis in patients with compete datasets.
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Table 3.4. Changes in medications across the VLCD intervention

Number of | Number of | Number of
patients on | patients on | patients on
medications | medications | medications
at baseline | at baseline | at 9-months
(out of 30) | (out of 27) | (out of 20)

Statins: 16 (53%) 16 (59%) 10 (50%)

Antihypertensive: 15 (50%) 14 (52%) 8 (40%)

Antidepressants: 6 (20%) 5(19%) 3 (15%)

Antidiabetic: 14 (46%) 11 (41%) 7 (35%)

1 Antidiabetic drug 8 8 5

2 Antidiabetic drugs 3 3 2

3 Antidiabetic drugs 3 0 0

Total number of meds|2.5 23 2.0

(mean):

>5 7 5 3

107




Table 3.5. Subject characteristics. Statistical analysis in patients with complete datasets.

Subject Characteristics Baseline Post-VLCD 9-month Overall P- | Baseline vs | Baseline vs 9-
(n=20) (n=20) (n=20) value Post-VLCD month

p-value p-value

Age (years) 57 +11 55+ 11 57 +11

Sex (n) male/female 18/12 17/10 10/10

Time since NAFLD Diagnosis (months):

Mean 25.1+32.9

Median (range) 10.5 (1-113)

Anthropometry

Weight (kg) 113+20 99 +18 100 £ 18 <0.001*** <0.001*** <0.001***

Height (m) 1.7+0.9

BMI (kg/m2) 40+ 8 35+7 35+8 0.004** <0.001*** <0.001***

Waist circumference (cm) 121+ 14 107 £ 13 104 + 13 <0.001*** <0.001*** <0.001***

Hip circumference (cm)* 122+14 115+ 15 114 + 15 0.002** 0.023* 0.003**

Fat mass (%) 45+ 7 4110 41+10 0.039* 0.009** 0.004**

Skeletal muscle mass (kg): 29+5 27 %5 2616 0.009** 0.219 0.009**
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Blood pressure: systolic (mmHg) 148 + 16 134+ 15 138+ 15 0.009** 0.006** 0.360
diastolic (mmHg) 85+ 10 81+7 83+7 0.207

Mean weight loss (%): 11+6 12+8 0.667

Mean weight loss (%); I0C (n=30): 10+6 9+8 0.061

Blood samples

Total cholesterol (mmol/L) 44+1.0 43+1.2 43+1.2 0.491

Triglycerides (mmol/L) 23120 20+15 20x1.7 0.049* 0.079 0.113

HDL (mmol/L) 1.2+0.3 1.2+04 13+04 0.251

LDL (mmol/L) 23 0.9 2.1+0.9 22+1.0 0.145

AST (1U/L) 39+19 26+9 24+14 <0.001*** 0.009** 0.002**

ALT (1U/L) 52+33 3017 29+23 <0.001*** 0.012* 0.002**

GGT (1U/L) 76 £43 37120 37120 <0.001*** <0.001*** <0.001***

Fasting glucose (mmol/L) 79+27 6.1+1.1 6.2+1.4 0.046* 0.028* 0.047%*

HbA1lc (mmol/mol) 52+14 41+9 42 +9 <0.001*** <0.001*** 0.002**

Insulin (pmol/L) 156 + 116 117 £ 136 95+74 0.002** 0.034* 0.005*

Fibroscan

Stiffness (kPa) 12.7+74 7.5+23 69120 <0.001*** 0.009** 0.004**

IQR (kPa) 40+43 2.4+3.0 1.7+1.1 0.107

Non-invasive scores

FIB-4 15+0.8 1.3+0.6 1.2+0.5 0.082
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NAFLD Fibrosis Score -0.5+1.9 -0.8+1.4 -09+14 0.163

QRISK2 17.1+15.7 12.6+10.3 13.3+12 0.027* 0.074 0.085
HOMA-IR 32+23 21+21 1.8+1.4 0.002** 0.212 0.005**
Weight-related Quality of Life (OWLQOL)

Quality of Life 42 +25 57122 56 £25 0.005* <0.001*** 0.049*
Weight-related symptom measure 44 + 32 28+ 22 28+ 22 0.005* 0.024* 0.021*

*denotes significance of p<0.05
**denotes significance of p<0.01

***denotes significance of p<0.001
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3.5.3. Analyses of drop outs
Three patients withdrew from the study during the VLCD phase and ten by 9-month follow-
up. Figures 3.2 and 3.3 depict the main reasons for, and a timeline of when patients withdrew,
from baseline until follow-up. Table 3.6 describes the characteristics of those who had
dropped out by both major time points. Weight and total weight loss were obtained from the
most recent visit prior to withdrawal. When compared to the post-VLCD and follow-up data
to those who completed the intervention (see section 3.5.2, Table 3.5), there is a significant
difference in weight, and total weight loss. This is perhaps due to patients not receiving the
full benefit of the intervention, in the case of those who had withdrawn throughout the VLCD
phase. However, those who withdrew post-VLCD, during the weight maintenance/ follow-up
period, had received the full benefit of the intervention. Given that the total weight loss
(kg/%) was lower than that those who remained engaged for the full duration of the
intervention, it is possible that those who withdrew did so because they had achieved a lesser

weight loss than perhaps anticipated.

Table 3.6. Demographics and other characteristics of those patients who withdrew

prematurely from the intervention, compared to the baseline cohort (n=30).

Characteristic Post-VLCD (n=3) Follow-up (n=10) Baseline cohort
(n=30)

Gender (m/f) 2/1 8/2 18/12

Age (years) 63+3 55+13 56 +12

Deprivation score | 27 +22 3019 29+19

Deprivation 3.5+15 3415 3515

quintile

Weight (kg) 153 55 126 + 31 119 + 25

Total weight loss | 1.6 £4.5 3.5+5.8

(kg)

Total weight loss | 1.7 +3.5 29144

(%)
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There were no significant differences observed in mean deprivation scores (p=0.775) or mean
deprivation quintile (p=0.734) between those who withdrew and those who completed the
study at follow-up. Similarly, age did not significantly vary between those who withdrew and
those who continued to engage with the intervention up to follow-up (p=0.677). A
significantly greater proportion of males withdrew from the intervention than females. At
baseline, there were 18 males and 12 females recruited, and by 9-month follow-up, there
were 10 males and 10 females. The cohort who remained engaged were 50% male, 50%

female, compared to those who withdrew; 80% male and 20% female.

Total weight loss (kg) was significantly different between those who withdrew and those who
completed the study at follow-up (p=0.003). Similarly, total weight loss (%) was significantly
different between those who withdrew and those who completed the study at follow-up

(p=0.001).

When compared to the baseline cohort, it can be seen that there are no defining variables
that may indicate a higher chance of dropping out. For example, age is similar, as is
deprivation. However, given the small numbers of those who did drop out, it is challenging to

make sophisticated comparisons between baseline and drop outs.

3.5.4. The effect of losing </>10% body weight: an exploratory analyses
The primary outcomes were acceptability and feasibility of recruiting to and delivering the
intervention, and to determine the percentage of patients achieving 10% weight loss. Post-
VLCD, 11 (41%) of patients had lost <10% of their initial body weight and 16 (59%) had lost
>10% (n=27). At follow-up, 10 (50%) of patients had lost <10% of their initial body weight and
10 (50%) had lost >10% (n=20).

3.5.4.1.  Side effects
Throughout the VLCD intervention, minor side effects were reported, as described in section
3.5.1.3. In patients that lost >10% at the end of the VLCD intervention, side effects were less
common, with fewer patients experiencing headaches, dizziness, and increased sensitivity to

cold, but more experiencing constipation, as indicated in Table 3.7.
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Table 3.7. Prevalence of side effects in patients who lost </>10% weight loss during the VLCD

intervention

side effects <10% weight loss >10% weight loss
Constipation 2/11 (18%) 8/16 (50%)
Increased 2/16 (13%) 0 (0%)

sensitivity to cold

Headaches 2/16 (13%) 1/11 (9%)

Dizziness 4/16 (25%) 1/11 (9%)

3.5.4.2.  Baseline characteristics
Observed differences in baseline characteristics between patients who achieved </>10%
weight loss at follow-up are indicated in Table 3.8. There were no significant differences

observed in any of the baseline characteristics, with the exception of LDL (p=0.006).

Table 3.8. Mean baseline characteristics of patients who lost </>10% weight at follow-up

Subject characteristics <10% weight loss | >10% weight loss | P value
(n=10) (n=10)

Age (years) 55+12 58+11 0.596

Sex (m/f) 4/6 6/4

Deprivation

Score: 3116 2623 0.589

Quintile: 4+1 3+2 0.140

Time since NAFLD

Diagnosis (months): 17+26 33+38 0.273

Anthropometry

Weight (kg) 111423 115+17 0.614

BMI (kg/m?) 40+10 41+5 0.757

Waist circumference | 118+15 12612 0.206

(cm)

Hip circumference (cm) 125+19 123+14 0.793
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Fat mass (%) 45110 4545 0.933
Skeletal muscle mass (%) | 29+6 3116 0.587
Blood pressure:

systolic (mmHg) 146+19 148+19 0.737
diastolic (mmHg) 88+9 82+10 0.154
Blood samples

Total cholesterol | 51 4+1 0.088
(mmol/L)

Triglycerides (mmol/L) 1.9+0.8 2.8+2.7 0.372
HDL (mmol/L) 1.3+0.4 1.1+0.3 0.403
LDL (mmol/L) 2.7+0.8 1.7+0.5 0.006**
AST (1U/L) 39+21 40+17 0.973
ALT (IU/L) 60143 45+19 0.337
GGT (1U/L) 81+51 71134 0.641
Fasting glucose (mmol/L) | 73 943 0.213
HbA1c (mmol/mol) 50+14 54114 0.557
Insulin (pmol/L) 132487 151+101 0.681
Fibroscan

Stiffness (kpa) 11+6 1548 0.332
Non-invasive scores

FIB-4 1.3+0.7 1.7+0.8 0.275
NAFLD Fibrosis Score -1.1+1.9 -0.04+1.7 0.234
QRISK2 (%) 12+12 22+18 0.176
HOMA-IR 2.6+1.6 3.1+2.0 0.592
Weight related quality of life

Quality of Life 48125 37+25 0.338
Weight-related symptom

measure 32+24 56+35 0.096

*denotes significance of <0.05

**denotes significance of <0.01

***denotes significance of <0.001
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3.5.4.3.  Early weight loss as a predictor of achieving >10% weight loss
Those that took part in a semi-structured one to one interview immediately following the
VLCD intervention, reported that early weight loss acted as a motivator to adhere to the
intervention (see Chapter 4 for full qualitative analysis). Weight loss (% of starting body
weight) achieved at three weeks into the intervention was found to be significantly correlated
with total weight loss at follow-up under both per-protocol analyses (r=0.636, p=0.003) and

intention-to-treat analyses (r=0.446, p=0.015), shown in Figure 3.13.

Weightloss at follow up (%)
Weightloss at follow up (%)

r=0.636, p=0.003 30 r=0.446, p=0.015
40 T T T T 1 40 T T T T 1
0 2 4 6 8 10 0 2 4 6 8 10
Weightloss at 3 weeks (%) Weightloss at 3 weeks (%)

Figure 3.13. Correlations between early weight loss (weight loss at 3 weeks) and final weight
loss. A) indicates the ‘full dataset’ analyses and B) indicates the irrespective of completion

analyses

3.5.4.4.  Liver health
At follow-up, patients who had lost less than 10% weight loss did not experience significantly
different measures of liver health, with the exception of GGT. Patients who lost greater than
10% weight loss had significantly lower GGT that those who did not at follow-up (27 vs. 37
IU/L, p=0.018), as summarised in Table 3.9.

While no other indicators of liver health were significantly different between groups who lost
</>10% weight loss, AST and ALT are approaching significance (p=0.058 and p=0.07
respectively). While not statistically significant, these results are likely to be clinically

significant.
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Table 3.9. Measures of liver health in patients who had lost </>10% weight loss at follow-up.

Variables <10% weight loss | >10% weight loss | P value
(n=10) (n=10)
AST (1U/L) 30+16 18+9 0.058
ALT (1U/L) 38429 19+6 0.070
GGT (1U/L) 47122 27+10 0.018*
Liver stiffness (kpa) 7+2 7+2 0.466
FIB-4 score 1.2+0.6 1.2+0.5 0.937
NFS -0.9+1.6 -1.0+1.3 0.853

*denotes statistical significance
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Figure 3.14. The changes in indicators of liver health at baseline, post-VLCD and follow-up in
patients who lost </>10% weight loss. This Figure indicates the changes of A) AST (IU/L), B)
ALT (IU/L), C) GGT (lU/L), D) liver stiffness (kpa), E) FIB-4 score and F) NFS.
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3.5.4.5.

At follow-up, patients who had lost less than 10% weight loss did not experience significantly

different measures of metabolic control, shown in Table 3.10 and Figure 3.14.

Table 3.10. Measures of metabolic control in patients who lost </>10% weight loss at follow-

Metabolic control

up.
Variables <10% weight loss | >10% weight loss | P value
(n=10) (n=10)

Fasting glucose | 5.8+0.5 6.6+1.7 0.164
(mmol/L)

HbAlc (mmol/mol) 40+4 44+12 0.474
Insulin (pmol/L) 133180 144481 0.812
HOMA-IR 2.2+1.3 2.8+1.6 0.466
HOMA-B 119+62 104+50 0.651
HOMA-S 60+29 51436 0.663

3.5.4.6.  Cardiovascular disease risk

At follow-up, patients who had lost less than 10% weight loss showed significantly higher
levels of total cholesterol (4.8 vs. 3.8 mmol/L, p=0.035) and LDL (3.1 vs. 1.5 mmol/L, p<0.001)

than those who lost greater than 10% of total body weight, shown in Table 3.11 and Figure

3.15.
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Table 3.11. Measures of cardiovascular disease risk in patients who lost </>10% weight loss

at follow-up.

Variables <10% weight loss | >10% P value
(n=10) (n=10)

Fat mass (%) 44411 38+8 0.242

Skeletal muscle mass | 26+4 2617 0.784

(kg)

Visceral fat (L) 3+1 312 0.661

Systolic blood | 143117 13310 0.118

pressure (mmHg)

Diastolic blood | 84+7 8219 0.621

pressure (mmHg)

Cholesterol 4.8+1.0 3.8+1.1 0.035*

(mmol/L)

Triglycerides 2+1 242 1.000

(mmol/L)

HDL (mmol/L) 1.410.5 1.340.3 0.865

LDL (mmol/L) 3.1+0.8 1.5+0.4 <0.001***

Qrisk? (%) 14+15 1249 0.754

*denotes significance of <0.05

**denotes significance of <0.01

***denotes significance of <0.001
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Figure 3.15. The changes in indicators of cardiovascular health at baseline, post-VLCD and

follow-up in patients who lost </>10% weight loss. This Figure indicates the changes of A)

HbA1c (mmol/mol), B) fasting glucose (mmol/L), C) Insulin (pmol/L), D) systolic blood pressure

(mmHg), E) diastolic blood pressure (mmHg) and F) Qrisk? score in patients who lost </>10%

weight loss.

120



3.5.4.7. Quality of life
At follow-up, patients who had lost less than 10% weight loss did not experience significantly

different measures of quality of life or weight-related symptom measure (see Table 3.12 and

Figure 3.16).

Table 3.12. Measures of quality of life in patients who lost </>10% weight loss at follow-up.

Variable <10% weight loss | >10% weight loss | P value
(n=10) (n=10)
Quality of life 55429 56121 0.963
Weight-related 26+17 31427 0.652
symptom measure
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Figure 3.16. The changes in quality of life (A) and weight-related symptom measure (B)

between baseline, post-VLCD and follow-up in patients who lost </>10% weight loss.

3.5.5. Exploring the correlations between weight loss and secondary outcomes
To further explore the direct relationship between weight loss (%) and measures of liver
health, metabolic control, cardiovascular disease risk, and QOL, changes in variables of
interest between baseline and final follow-up were correlated with weight loss (%). The
distribution of datasets were assessed for normality, and either Pearsons product moment

correlation or Spearmans correlation coefficient were calculated accordingly.
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3.5.5.1.  Liver health
Weight loss (%) was found to be significantly, positively correlated with changes in AST
(r=0.452, p=0.045) and NAFLD fibrosis score (r=0.565, p=0.009) (see Table 3.13 and Figure
3.17). Similarly, changes in ALT and weight loss (%) were non-significantly, positively
correlated (r=0.436, p=0.055) (see Figure 3.17). Although a non-significant correlation was
observed, this relationship is potentially clinically meaningful, particularly as the correlation
was trending towards significance. This may suggest that greater weight losses were
associated with greater reductions in ALT, which would therefore correspond with
improvement in markers of liver health which could potentially be of great benefit to people
with NAFLD (see Table 3.13 and Figure 3.17). Similarly, Figure 3.18 highlights the
correspondence between the percentage weight loss (%) and ALT (IU/L) and AST (IU/L) levels

throughout the VLCD intervention.

Table 3.13. Correlations between indicators of liver health and weight loss (%).

Variable R value P value
AST (1U/L) 0.452 0.045*
ALT (1U/L) 0.436 0.055
GGT (IU/L) 0.335 0.149
Liver stiffness (kpa) 0.018 0.946
Fib4 0.350 0.131
NAFLD fibrosis score 0.565 0.009**

*denotes statistical significance of <0.05

**denotes statistical significance of <0.01
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Figure 3.18. The correspondence between percentage weight loss (%) and A) ALT (IU/L) and
B) AST (IU/L).

3.5.5.2. Metabolic control

Weight loss (%) was not found to be significantly correlated with changes in indicators of

metabolic control (see Table 3.14 and Figure 3.19).

Table 3.14. Correlations between indicators of metabolic control and weight loss (%).

Variable R value P value
Fasting glucose (mmol/L) 0.220 0.365
HbAlc (mmol/mol) 0.157 0.520
Insulin (pmol/L) 0.052 0.865
HOMAIR -0.178 0.601
HOMAB 0.315 0.346
HOMAS -0.240 0.478

3.5.5.3.  Cardiovascular disease risk
Weight loss (%) was found to be significantly, positively correlated with changes in fat mass
(%) (r=0.808, p<0.001), skeletal muscle mass (r=0.624, r=0.010), visceral fat (r=0.845,
p<0.001), systolic blood pressure (r=0.544, p=0.016), LDL (r=0.590, p=0.026) and Qrisk?
(r=0.642, p<0.001) between baseline and follow-up, as shown in Table 3.15 and Figure 3.19.
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Table 3.15. Correlations between indicators of cardiovascular disease risk and weight loss (%).

Variables R value P value
Fat mass (%) 0.808 <0.001***
Skeletal muscle mass | 0.624 0.010**
(kg)

Visceral fat (L) 0.845 <0.001***
Systolic blood | 0.544 0.016*

pressure (mmHg)

Diastolic blood | 0.163 0.503

pressure (mmHg)

Cholesterol 0.292 0.212
(mmol/L)

Triglycerides 0.272 0.247
(mmol/L)

HDL (mmol/L) -0.280 0.232

LDL (mmol/L) 0.590 0.026*
Qrisk? (%) 0.642 <0.001***

*denotes significance of <0.05
**denotes significance of <0.01

***denotes significance of <0.001
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Figure 3.19. Correlations between cardiometabolic risk factors and final weight loss (%). This
Figure indicates the correlations between final weight loss (%) and A) HbAlc (mmol/mol), B)
fasting glucose (mmol/L), C) insulin (pmol/L), D) systolic blood pressure (mmHg), E) diastolic

blood pressure (mmHg), F) Qrisk? (%)
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3.5.5.4.  Quality of life

Weight loss (%) was not found to be significantly correlated with changes of measures of

obesity related quality of life (see Table 3.16 and Figure 3.20).

Table 3.16. Correlations between measures of obesity related quality of life and weight loss

Weightloss at follow up (%)

Weightloss at follow up (%)

(%).
Variables R value P value
Quality of life -0.161 0.497
Weight related symptom | 0.312 0.181
measure
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Figure 3.20. Correlation between A) QOL and final weight loss (%) and B) WRSM and final

weight loss (%)
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3.5.6. The effect of a VLCD on patients with advanced NAFLD and T2DM: an
exploratory analyses

16 (53%) patients had T2DM at baseline (HbA1lc: 59+10 mmol/mol), and within this subgroup
15 (88%) were prescribed oral antidiabetic medications. Following the VLCD intervention,
mean HbA1lc reduced to 46+8 mmol/mol and 6 (40%) patients reduced their oral antidiabetic
medication dosage. HbAlc in patients with T2DM reduced by a mean of 1312 mmol/mol,
compared to 3+3 mmol/mol (p=0.025) in those without T2DM between baseline and follow-
up. Similarly, patients with T2DM experienced a significantly larger change in fasting glucose
between baseline and follow-up (2.2+2.2 mmol/L vs. 0.6£0.6 mmol/L, p=0.035). There were
no significant differences in changes in insulin, HOMAIR, HOMAB, or HOMAS between

patients who had T2DM and those who did not.

Figure 3.21 indicates the HbA1lc of the study cohort at baseline, post-VLCD, and at follow-up.
Here it can be observed that those with NAFLD but without T2DM did not experience
significant changes in HbAlc, whereas those with both NAFLD and T2DM experienced a
significant reduction in HbAlc. This likely indicates that the significant changes in HbAlc

reported for the whole cohort (section 3.5.2, Table 3.3, Figure 3.11) are due to the significant

reduction observed in patients with NAFLD and T2DM.
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Figure 3.21. The changes in HbAlc throughout the study, where red indicates those with

T2DM and blue indicates those without.
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3.6. Discussion

3.6.1. Primary and secondary outcomes
Weight loss achieved through lifestyle behaviour change is currently the recommended first-
line treatment for NAFLD. Previous studies have shown that, if successful, these changes can
improve liver histology and reduce risk of disease progression (Vilar-Gomez et al., 2015,
Promrat et al., 2010). However, few patients (10%) achieve the recommended target of
sustained weight loss of >10% using standard lifestyle interventions (Vilar-Gomez et al., 2015).
Therefore, alternative approaches are needed. This current study shows that a VLCD
intervention is an acceptable and feasible method to enable significant sustainable weight
loss in obese individuals with NAFLD. Overall, 90% of those enrolled completed the VLCD
phase of the intervention and 59% of completers achieved >10% weight loss post-VLCD.
Importantly, a large proportion of the whole cohort (34%) maintained >10% weight loss for
at least 6-months after completing the VLCD intervention (Scragg et al., 2020). Absolute
weight losses were impressive, with a mean loss of 10.3 kg at 9-month follow-up, consistent
with previous studies of VLCD (Lean et al., 2019, Lean et al., 2018). This compares favourably
to a study of standard clinical care (Vilar-Gomez et al., 2015). Overall these results suggest
that VLCD is a viable treatment option for some patients with NAFLD to enable significant
weight loss. Despite the potentially perceived drastic nature of the intervention, recruitment
to the study was straightforward. Thirty patients were recruited at a single site within six

months, and 67% of patients offered the opportunity to take part in the study were enrolled.

The relatively high level of uptake to the intervention (67%) was larger than previous studies
exploring the use of a meal replacement based VLCD. For example, DIRECT had an uptake rate
of approximately 20% (Lean et al., 2018). However, this could largely be due to differences in
the mode of delivery and therefore the more resource intensive demands of the current study
and the delivery through secondary care. Previous studies of VLCD have largely been
conducted in individuals with obesity and T2DM and these have consistently shown that a
VLCD can facilitate weight loss, and this was associated with reversal of diabetes in 46% of
patients (Lean et al., 2018). To date, the impact of the VLCD specifically on NAFLD has not
been assessed. Previous research has highlighted that the motivations for NAFLD patients
undertaking a VLCD are likely to be different, particularly because many are asymptomatic

and are not concerned about their condition (Hallsworth et al., 2019, Avery et al., 2017, Haigh
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et al., 2019). In the current study, patients with fibrotic NAFLD were included because these
individuals are at risk of progression to cirrhosis. Significant improvements in liver enzymes
(ALT, AST and GGT) were seen at the end of the VLCD phase and this was maintained at 9-
months follow-up. Previous studies assessing vitamin E and obeticholic acid showed that falls
in ALT were associated with improvements in hepatic inflammation, so it is likely that
improvements in liver enzymes associated with the VLCD indicate improved liver health of
these individuals. In addition, liver stiffness significantly improved at 9-month follow-up

providing further evidence of improved liver health.

Although NAFLD is a disease of the liver, CVD is the most common cause of death in patients
with NAFLD, accounting for approximately 40% of deaths (Angulo et al., 2015). In the current
study, there were improvements in the patients’ cardiometabolic status following the VLCD,
with significant reductions in blood pressure, cholesterol levels and 10-year CVD risk, and
improved blood glucose control. These findings were consistent with previous studies of the
VLCD (Leslie et al., 2016, Vilar-Gomez et al., 2015). In contrast, other drugs that have shown
benefit in NASH, such as vitamin E and obeticholic acid, have not shown to have a positive
effect on cardiometabolic status. Moreover, use of obeticholic acid in patients with NASH was
associated with a rise in LDL cholesterol and total cholesterol levels, and a fall in HDL

cholesterol within the first month of treatment (Younossi et al., 2019).

Interestingly, one week into the VLCD there was a significant rise in serum ALT and AST in
patients which returned to baseline by week 4, and transaminases fell thereafter. The cause
of this acute rise in transaminases was not determined. One potential mechanistic
explanation may be that rapid weight loss increases lipolysis in adipose tissue resulting in high
levels of circulating free fatty acids that are taken up by the liver. These free fatty acids may
cause lipotoxicity in hepatocytes leading to apoptosis and cell death and a consequent rise in
liver enzymes (Feldstein et al., 2004). The pathophysiology of this phenomenon requires

further investigation.

At baseline, the mean BMI of the cohort was 42 kg/m? (morbidly obese) and this reduced to
35 kg/m? 9-months after the intervention, meaning the majority of the cohort were still
obese. Despite this, there were significant improvements in liver and cardiometabolic health
in the cohort even though patients did not achieve a “normal” BMI. This is an extremely
important message to relay to patients who may feel that reaching a “normal” BMI is
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unachievable. A weight loss target of >10%, with appropriate support, may be a more realistic
goal that can have significant health benefits. Previously there have been concerns that VLCD
interventions may induce or increase sarcopenia amongst cohorts of overweight and obese
patients (Yanai, 2015b). In our study there was no significant change in skeletal muscle mass
after the VLCD. Although this had decreased slightly at 9-month follow-up. This highlights the
importance of monitoring muscle mass closely during and after a VLCD intervention, and
encouraging patients to increase their physical activity/exercise levels during the food
reintroduction and weight maintenance phases and to maintain this in the long term to avoid

sarcopenia.

As well as improving liver and cardiometabolic health, it would be advantageous for a
treatment for NAFLD to improve Qol as previous studies have shown that patients with
NAFLD report significantly impaired QoL. A recent study indicated a negative correlation
between QoL and obesity, T2DM, and dyslipidaemia in a NAFLD population (Huber et al.,
2019). Therefore, a treatment option that significantly reduced patients’ weight to improve
obesity and associated comorbidities would be worthwhile in order to improve QolL. Data
have also shown that NAFLD populations are more likely to report burdens related to bodily
pain, anxiety, shortness of breath, and an overall impairment in daily physical function (Golabi
et al.,, 2016). Importantly, in the current study we found that there were significant
improvements in QoL and there was a decrease in weight-related symptoms. Improvements
in QoL following an intervention are very important, over and above improving liver and
cardiometabolic health, because they may promote greater adherence to a treatment in the
longer term as patients notice a benefit in their day-to-day life (Florez et al., 2010, Nunes,
2001). It is worth highlighting that our sample included a large proportion of patients who
had previously received advice to lose weight without success. Therefore, there is a case to
be made for presenting patients with VLCD as a treatment option —i.e. it may not necessarily
be those who are most motivated who engage with this approach, it may be a case of

preference and the desire for rapid weight loss outcomes.

A feature of the current study is that patients were not required to have a liver biopsy for
inclusion in the study, which increases the widespread applicability of the findings. Patients
with a clinical diagnosis of NAFLD with an indeterminate NFS or FIB-4 score were eligible.

These criteria were chosen because previous studies have shown that both the NFS and FIB-
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4 predict long-term outcomes, and patients with NAFLD and indeterminate or high scores
have increased risk of liver-related and all-cause mortality. Therefore, these inclusion criteria
are likely to have identified individuals in need of treatment for their NAFLD (Blank et al.,
2020). Moreover, in contrast to many of the currently recruiting trials of pharmaceutical
agents, our eligibility criteria were very inclusive and allowed patients with comorbidities,
such as poorly controlled diabetes and/or morbid obesity to take part. This means that the
results of this study may more generalisable to “real” NAFLD populations where patients
frequently have multiple comorbidities, when compared to some studies of pharmaceutical

agents.

3.6.2. Analyses of patients who withdrew from the study
The identification of a particular group of patients or an indicative variable who may be more
likely to withdraw from the intervention would be of paramount importance to the delivery
of the intervention in clinical practise, as this would allow those delivering the intervention to
understand who may benefit from greater support. However, given the relatively small
numbers of patients who withdrew from the study (three during the VLCD intervention and
seven thereafter) it is challenging to undertake a sophisticated statistical analysis in order to
compare this group to the initial baseline cohort or to those who remained engaged with the
study throughout its entirety. Despite this, it can be seen that the population who remained
engaged with the study throughout do not differ significantly from those who withdrew.
Going forward, this analysis would benefit from a larger sample size in order to fully evaluate

potential indicators which allude to a greater chance of withdrawing from the study.

3.6.3. Achievement of 10% weight loss
A plethora of research has identified the achievement of 10% weight loss to be of significant
health benefit in patients with NAFLD and associated comorbidities, such as T2DM, obesity
CVD risk, and obstructive sleep apnoea (Wing et al., 2011, Vilar-Gomez et al., 2015, Poirier et
al., 2003, Lambert et al., 2014, Peppard et al., 2000, Lean et al., 2018). However, the general
consensus is that all weight loss is beneficial in NAFLD patients and that greater weight losses

are associated with larger clinical benefits (Peppard et al., 2000, Lean et al., 2018).

In patients with NAFLD, it has been reported that improvements in NAFLD activity score (NAS),
and the individual elements of the NAS are significant following moderate (between 7 and
10%) weight loss, and even more so in those that lost more than 10% weight loss. Individual
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elements of the NAS are steatosis, lobular inflammation, ballooning, fibrosis and portal
inflammation. Degree of weight loss has been independently associated with improvements
in all NASH-related histologic parameters. All patients who lost 210% of their weight had
reductions of NAS, 90% had resolution of NASH, and 45% had regression of fibrosis (Vilar-
Gomez et al., 2015). A major limitation of this study was the relatively low percentage of
patients that managed to achieve 10% weight loss, with less than half achieving greater than

7% weight loss, and less than 30% achieving a 10% weight loss.

The presented data shows clinical, but not significant, differences in indicators of liver health
at follow-up between those who had achieved </>10% weight loss. This is likely due to an
insufficient sample size which lacks power for this depth of analyses, however, this analysis is
purely exploratory. There were no significant differences in baseline characteristics of those
who ultimately lost </>10% weight loss, with the exception of LDL (Table 3.6). GGT was
significantly lower in those who achieved > 10% weight loss (47 vs.27, p=0.018). AST and ALT
were trending towards significance, with levels lower in those who had achieved a weight loss
of > 10%. Importantly, all measured biochemical mean scores at follow-up were considered
to be normalised, according to the American College of Gasteroenterology (Kwo et al., 2017),
those who had not achieved 10% weight loss were much closer to the upper accepted limit
of the normal range. Total cholesterol (4.8 vs. 3.8, p=0.035) and LDL (3.1 vs.1.5, p<0.001) were
significantly lower in those who had achieved >10% weight loss. Indicators of liver or
cardiometabolic health following the achievement of </>10% weight loss have not previously
been reported and this data is therefore novel. However, given the small sample size of the
present dataset, to further explore the differing effects of 10% weight loss, a larger sample

size should be used in future studies.

3.6.4. Correlations between measured variables and weight loss
As previously described, greater weight losses have previously been reported to be associated
with greater improvements in indicators of liver and cardiovascular health (Vilar-Gomez et

al., 2015, Poirier et al., 2003).

Previous studies have reported significant correlations between weight lost (%) from baseline
to follow-up and liver enzymes. Vilar-Gomez et al. observed positive, significant correlations
between weight loss (%) and AST (r=0.22, p<0.001), ALT (r=0.23, p<0.001) and GGT (r=0.150,
p<0.001) (Vilar-Gomez et al., 2015). Conversely, the presented data only reported significant,
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positive correlations between AST and weight loss (%) (r=0.452, p=0.045). Correlations
between weight loss (%) and ALT and GGT were positive but were not considered to be
significant, despite the correlation with ALT likely being of clinical importance (r=0.436,

p=0.055).

Vilar-Gomez et al. also investigated correlations between weight loss (%) and some indicators
of cardiovascular health- such as total cholesterol and triglycerides. Significant positive
correlations were observed between weight loss and cholesterol, but not triglycerides (Vilar-
Gomez et al.,, 2015). The present data is novel in its extensive range of variables whose
correlates with weight loss (%) have been assessed. As indicated in Tables 3.13 and 3.14 and
Figures 3.17 and 3.19, changes in NFS, QRISK2, systolic blood pressure and LDL were
positively, significantly correlated with weight loss (%). Further work is required to assess
correlations with over a greater period of time and within a larger cohort. This would allow
for further, more in-depth analyses of the correlates and subsequent greater understanding
of potential predictors of significant weight loss. As identified in Figure 3.13, the present data
identified early weight loss (weight loss achieved three weeks into the intervention) as being
significantly correlated with achieving 10% weight loss, suggesting that adherence and
subsequent success of a VLCD could be identified early within the intervention. This highlights
an important period of time in which good adherence should be advocated as much as

possible to patients.

3.6.5. The effect of a VLCD on patients with NAFLD and T2DM
Previous work has identified the efficacy of a VLCD (800kcal/day) within a T2DM cohort (Leslie
etal., 2016, Lean et al., 2018). Given the underlying pathophysiology of T2DM and NAFLD (see
sections 1.2.2 and 1.2.3), there is likely a prominent crossover of patient characteristics
between the presented data and that obtained from the DIiRECT study (Lean et al., 2019).
Indeed, within our cohort, 53% of all patients at baseline had clinical diagnoses of T2DM. A
significant finding from DIRECT was the measurement of liver fat at baseline, post VLCD and
at follow-up (12 months). The primary outcome measure of our study was to evaluate the
feasibility of recruiting NAFLD patients and achievement of 10% weight loss. The nature of
the study was designed to map onto current clinical care to observe the feasibility effect
within current standard practise, therefore, liver fat was not measured as part of this study.

The DIiRECT study measured mean liver fat at 16% at baseline and at approximately 3% post
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VLCD and at 12 months follow-up. Given the interlinked pathophysiology of the two
conditions, it is likely that liver fat changes would be similar in our cohort. Going forward, this
is one of the prominent variables to be measured in a NAFLD cohort. So far, this has not been
done and it would provide valuable insight into the mechanisms of NAFLD resolution following

a VLCD.

3.7. Study limitations
The data presented the findings of a feasibility study designed to assess acceptability and
feasibility of the VLCD intervention for achieving >10% weight loss and associated study
procedures. A primary limitation within this study is the lack of formal reporting of
adherence. At each study visit patients were asked about any deviation from the VLCD
protocol since the previous study visit. The dependency on patients to honestly self-report
deviations from the protocol meant that no formal analyses could be undertaken on
adherence, although weight loss was largely considered to be a surrogate marker for
adherence. Given the mean BMI of this cohort and their subsequent daily energy
requirements, it was thought that 800 kcal/day would provide sufficient caloric deficit to
induce weight loss. Similarly, another limitation is the lack of reporting of fidelity measures.
However, as previously discussed, delivery of the intervention was standardised in that the
structure of every study visit was the same and largely delivered by the same two members
of the research team who had both received the same training with regards to delivering a

VLCD intervention.

Similarly, while best practise would stipulate that this study protocol and its associated
primary outcomes should be prospectively registered to a trial registry, this trial was
registered during data collection and in advance of data analysis. Prospective registration
would have served to increase trial transparency and subsequent research integrity by
reducing potential publication bias and selective reporting. Similarly, this would have served
to provide greater opportunities for researcher collaboration and reducing research
duplicity. Due to the nature of this research being undertaken within the constraints of a
PhD (at research training programme), information relating to choosing the appropriate trial
registry was not conveyed prior to recruitment start date and therefore registration
occurred during data collection but prior to data analysis. In order to maximise research
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integrity in light of the delayed registration, no data analysis occurred until after the trial
was suitably listed on the ISRCTN register. The ISRCTN register was chosen due to its publicly
accessible and free to access data. Importantly, it is the preferred partner of the UK
Department of Health and Social Care and facilitated the easy adoption of the study to NIHR
Clinical Research Network Portfolio (CRN). This study was adopted to the NIHR CRN Portfolio

to further maximise research transparency.

Considering that this was a feasibility study, the results of the secondary outcomes should be
considered exploratory, i.e. the study was uncontrolled and not powered to detect changes
in secondary outcomes. Secondly, non-invasive tests rather than liver biopsy were used for
inclusion of patients and monitoring of liver outcomes in the study, and as such we were only
able to report a global assessment of liver health using liver enzymes and liver stiffness
measurement and we were unable to report which elements of the clinical physiology of
NAFLD had improved; steatosis, hepatic inflammation or fibrosis. There have been issues with
regards to reliability of using Fibroscan to measure liver stiffness in obese patients reported
(Castéra et al., 2010), but this represents current clinical practice. Thirdly, a significant
proportion of patients (33%) were lost to follow-up at 9-months follow-up and data on their
outcomes was limited (although follow-up data for weight was available from recent clinical
visits). This meant it was therefore unable to accurately describe all “irrespective of
completion” outcomes for the whole population. Furthermore, if all outcomes for patients
were included, overall cardiometabolic and liver outcomes may have been less pronounced.
Fourthly, patients on insulin for treatment for diabetes were excluded, which represents a
significant proportion of the NAFLD population. The decision to exclude patients on insulin
was taken to ensure safety because rapid weight loss can cause hypoglycaemia. Fifthly, one
of the primary objectives of this study was to assess the proportion of patients willing to
undertake the VLCD as a treatment for NAFLD, however, there is likely to be a selection bias
with clinicians potentially approaching more motivated patients. This could have contributed
to the successful outcomes. Finally, the length of VLCD phase was not standardised and
patients could extend the intervention from 8 to 12 weeks if there were mitigating
circumstances, and this allowed some patients to optimise their weight loss outcomes. Given
that intervention effects started to wear off towards the end of the follow-up period, it is

likely that 6-months post-intervention follow-up is insufficient to assess weight loss
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maintenance. Further work is needed to assess outcomes in a larger cohort in a “real world”

setting using VLCD interventions of varying length.

3.8. Conclusions
Overall this study showed that delivery of a VLCD is feasible, acceptable and a potential
treatment option for some individuals with NAFLD, with a significant proportion of those who
complete the intervention achieving >10% weight loss and maintaining it at 9-month follow-
up. Importantly, the weight losses achieved in this study exceed those reported for standard
clinical care. Improvements were also observed in liver health, metabolic control,
cardiovascular risk, and QoL in those completing the intervention at 9-months follow-up. A
VLCD intervention offers a holistic treatment option that could be incorporated as part of

clinical care for some patients with NAFLD.

137



4. Factors associated with engagement and adherence to a very low calorie diet to achieve
significant weight loss in patients with advanced non-alcoholic fatty liver disease: A

qualitative interview study
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Abstract

Objective: Clinical guidelines recommend weight loss to manage non-alcoholic fatty liver
disease (NAFLD). However, the majority of patients find weight loss a significant challenge.
We identified factors associated with engagement and adherence to a very low calorie diet

(VLCD) as a treatment option for NAFLD.

Design: 23 patients with advanced NAFLD who were enrolled in a VLCD (~800 kcal/day)
were interviewed. Qualitative interviews were audio recorded, transcribed verbatim and

thematically analysed.

Results: Adherence to the VLCD intervention was high - 53% of all patients achieved 210%
weight loss, 63% achieved >7% weight loss and 77% achieved >5% weight loss. A desire to
achieve rapid weight loss to improve liver health and prevent progression was the most
salient facilitator to engagement. Early and significant weight loss; accountability to
clinicians providing support; and regular appointments with personalised feedback were
facilitators to continued engagement and adherence. The desire to receive positive
reinforcement from a consultant was a frequently reported facilitator to adherence.
Practical and emotional support from friends/family members was critically important
external to the clinical setting. Irregular working patterns/shift work that prevented

attendance at appointments was a barrier to adherence and completion of the intervention.

Conclusions: Engagement and adherence to a VLCD in patients with advanced NAFLD relies
on early and rapid weight loss, personalised feedback and positive reinforcement in the
clinical setting combined with ongoing support from friends and family members. Findings
support those identified in patients with type 2 diabetes who participated in a VLCD to
achieve diabetes remission and highlights the importance of intensive behavioural support

during the early stages of a VLCD to promote longer-term adherence.
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4.1. Introduction
Given the absence of approved pharmaceutical agents for the treatment of NAFLD, lifestyle
modification, typically weight loss, is the primary recommended therapy (NICE, 2016c,
Chalasani et al.,, 2012). A weight loss goal of 10% of initial body weight has been
recommended for patients with advanced NAFLD (Vilar-Gomez et al., 2015, Dyson et al.,
2014). Indeed, research has shown that 90% of patients losing more than 10% of their initial
body weight had resolution of steatohepatitis after 1 year, and 81% showed improvements
in fibrosis (Vilar-Gomez et al., 2015). However, weight loss maintenance was highlighted as
an issue with only 10% of patients maintaining 10% weight loss after one year. In patients
with NASH, weight loss has shown strong associations with improvements in NAFLD activity
score (NAS) (Promrat et al., 2010). These findings highlight the importance of providing an
intervention that is widely acceptable to a larger proportion of individuals with NAFLD to elicit

significant weight loss.

Very low calorie diets (VLCDs) have demonstrated to be a viable treatment strategy for people
with type 2 diabetes mellitus (T2DM) (Steven et al., 2016). Research has shown that VLCDs
are effective for achieving substantial weight loss, with high levels of adherence and low levels
of attrition in overweight and obese people with T2DM (Rehackova et al., 2016). A
randomised controlled trial of a VLCD conducted in primary care involving patients with T2DM
found that 24% of those in the intervention group lost 215 kg, and mean body weight fell by
10 kg at one year follow-up (Lean et al., 2018). Another study showed that 45% of obese
patients undertaking a 12-week VLCD maintained >10% weight loss at one year follow-up
(Jebbetal., 2017). Research suggests that VLCD may also have a positive impact on fatty liver;
patients with T2DM (Lim et al., 2011) treated with VLCD had a reduction in liver fat from 13%
to 3%. Despite these findings, the VLCD approach has not been formally assessed as a

treatment strategy for NAFLD.

The totality of these changes could be beneficial to patients with NAFLD in reversing liver
disease, halting disease progression or reducing other obesity-related risk factors. While this
has been shown to be a successful and viable treatment option for patients with T2DM, given
the proportion of NAFLD patients with asymptomatic disease burden, it is important to

establish whether uptake, engagement and adherence can be achieved in this population.
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Previous studies evaluating the feasibility and efficacy of delivering a VLCD in the form of meal
replacement products have retrospectively assessed barriers, facilitators and motivations
towards uptake, engagement and adherence (Astbury et al., 2020a, Rehackova et al., 2017).
Patients with obesity and T2DM have reported that the desire for weight loss has been the
primary motivator to uptake, and that this coincided with patient expectation; most patients
expected to achieve significant weight loss. Similarly between cohorts, rapport and the
support of the clinical/ research team members facilitated adherence (Astbury et al., 20203,
Rehackova et al., 2017). Furthermore, the regimented simplicity of the VLCD in both obese
and T2DM cohorts facilitated adherence. Patients reported in both instances that the
intervention was challenging but that the overall positive outcomes by far outweighed any
negatives outcomes such as minor adverse events, or feelings of missing out on social
situations (Astbury et al., 2020a, Rehackova et al., 2017). Given the physiological similarities
and overlapping features between T2DM, obesity and NAFLD, it is likely that the VLCD will
have a similar effect on all three cohorts. However, given the relatively low awareness of
NAFLD, it is likely patient priorities and motivators may differ and therefore it is essential to
assess the acceptability of such a drastic intervention in a NAFLD cohort to inform on whether

this unique cohort consider this to be an acceptability therapy.

Eliciting lifestyle changes in NAFLD patients can be challenging (Bellentani et al., 2008).
Previous research has reported that a large proportion of NAFLD patients lack motivation or
readiness to change lifestyle behaviours (Centis et al., 2013). However, evidence-informed
information communicating the importance of lifestyle and the role lifestyle behaviours,
specifically diet, play in the manifestation and progression of NAFLD is arguably insufficient
to elicit behavioural change (Centis et al., 2013). A large proportion of patients with NAFLD
typically fall into the ‘hard to reach’ population, and therefore often are reluctant to change
and show resistance in regards to acquiring ‘positive lifestyle behaviours’ (Zwolinsky et al.,
2013). Consequently, this population, typical of NAFLD cohorts, are frequently unaffected by
typical health promotion activities (Zwolinsky et al., 2013, Poortinga, 2007). It is therefore
important to thoroughly evaluate the acceptability of new alternative interventions in NAFLD

cohorts, in order to maximise uptake and adherence going forward.

A qualitative study was conducted with individuals with advanced NAFLD participating in a

feasibility study of a very low calorie diet (VLCD) that aimed to initiate and maintain 10%
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weight loss. Specifically, the qualitative study aimed to identify barriers, facilitators and
motivations towards uptake, engagement and adherence to the 8-12 week VLCD (~800
kcal/day). This study hypothesised that the VLCD intervention (as described) would be

acceptable to patients with advanced NAFLD.

4.2. Methods
This study was approved by the North East - Newcastle & North Tyneside 1 Research Ethics
Committee (REC reference: 18/NE/0179). All participants provided written informed consent

prior to participation.

4.2.1. Intervention

The intervention involved three phases. Phase 1 (weight loss): Participants were prescribed
an 8-week VLCD (~800 kcal/day) that consisted of meal replacement products (Optifast,
Nestle Health Science) provided free of charge. In addition, they were encouraged to eat three
portions (240g overall) of non-starchy vegetables and drink at least two litres of water or
calorie-free beverages each day. One-to-one support was provided weekly throughout this
first phase via telephone calls, emails and/or face-to-face appointments (tailored to meet
individual needs) to maximise adherence to the protocol and to minimise drop out.
Participants were given scales to weigh themselves at home if required. Dietary compliance
was monitored by change in body weight as reported at the clinic. Patients were asked to
maintain their usual daily activities during the VLCD and not to increase their physical activity
levels. In the event that compliance with the VLCD was not achieved throughout the 8-week
period due to factors such as hospital admission, the intervention was extended for an
additional four weeks, to a maximum VLCD time period of 12 weeks. Phase 2 of the
intervention involved reintroducing participants to normal eating over a 4-week time period
by replacing one meal replacement product with normal food in the first two weeks and two
normal meals during weeks 3 and 4. If desired, this phase was extended to 6-weeks to help
manage individual needs. Participants were given information on portion size using a “Carb
and Calorie Counter” manual (Cheyette, 2010, Cheyette, 2017) and individualised dietary
advice was provided using a food exchange model. The goal was to limit energy intake to

individual requirements to maintain weight and participants received support to overcome
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behavioural barriers (e.g., resisting temptation). Patients were advised to monitor their
weight weekly at home and were encouraged to monitor their caloric intake. To achieve this,
each participant was given two books containing low calorie meal plans, recipes and snack
ideas. Throughout the intervention patients were able to contact a member of the research

team with any questions or to report any adverse events.

4.2.2. Design

A qualitative study was conducted with those taking part in the VLCD pilot study (as described
in Chapter 3). Semi-structured one-to-one interviews were conducted immediately following
completion of the VLCD intervention to identify barriers and facilitators to the uptake and
adherence to the intervention, motivations for taking part and to explore ways in which the
intervention could be optimised (e.g., whether any additional information or support was
required). See appendix E for the topic guide used to guide the semi-structured interviews.
The aim was to use responses to better understand how the intervention could be integrated

into routine clinical care if it demonstrated to be acceptable and feasible.

4.2.3. Participants

Patients were recruited by hepatologists or other health care professionals from a specialist
NAFLD clinic at a tertiary hepatology centre, The Newcastle upon Tyne Hospitals NHS
Foundation Trust or the CRESTA clinic, Campus of Ageing and Vitality, Newcastle upon Tyne.
Both cover a broad geographical area in Northern England. Eligibility criteria are described in
Chapter 2.2. All participants (N=30 at baseline, n=27 completed VLCD) from the pilot study
were invited to take partin an interview. The aim was to recruit a purposive sample of at least
20 participants in order to achieve maximal variation (e.g. gender, those who struggled to
adhere to the intervention, those who achieved maximal weight loss) and data saturation.
Participants were invited to take part initially in person, given time to consider participation,

and subsequently followed up by email or telephone to discuss participation.
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4.2.4. Study procedure

Semi-structured interviews were conducted with the support of a Chartered Health
Psychologist with expertise in health behaviour change and qualitative research methods (see
appendix E for the topic guide). This member of the research team had met none of the
patients prior to commencing the interview. In attendance at the interviews were the
participant, an invited member of the participants family in three occasions and the
researcher. Interviews were conducted in a consultation room at the Freeman Hospital,
Newcastle upon Tyne, following the study visits of each participant and corresponded with

the completion of the VLCD intervention.

4.2.5. Materials

The research team developed a topic guide (appendix E) to facilitate discussions with
participants. Topics included motivators for taking part; expectations and perceived barriers
prior to participation; barriers to adherence and strategies used to overcome barriers;
support requirements to maximise adherence to the intervention; and the roles of
participants social and work environments in the context of intervention adherence. All
guestions were open ended and prompts were used to facilitate a more in-depth discussion
in order to fully explore the participants’ views. All interviews were audio recorded and

transcribed verbatim.

4.2.6. Methodological Quality and reporting

This qualitative study was conducted in accordance with the consolidated criteria for reported
gualitative research (COREQ) in order to maximise methodological quality and transparency
(Tong et al., 2007) (appendix K). To reduce bias from responders, two researchers were used
to conduct the interviews. Both researchers read, re-read and coded all transcripts, and

discussed coding to agree final thematic labels.
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4.2.7. Data analysis

Data were analysed using thematic analysis (Braun and Clarke, 2006). To maximise
methodological quality and trustworthiness of the findings, the analysis procedure was as
follows: all interview transcripts were independently read, and a Chartered Health
Psychologist re-read following initial reading. Both researchers independently coded
segments of the data with reference to the first three interview transcripts to develop a
coding strategy and generate preliminary themes and sub-themes; and following discussion,
the same researchers agreed a preliminary group of themes and sub-themes. This process
was repeated with the remaining twenty interview transcripts and both researchers agreed a
final set of themes and sub-themes that best conveyed the data set following an in-depth
discussion. Supporting direct quotes from participants were applied to the agreed themes

and sub-themes.

Where appropriate quantitative data was assessed in order to substantiate qualitative data
obtained from the thematic analysis, Pearson’s product moment was used to assess to
correlations. As previously described in section 2.13, all data was assessed for normality using

Shapiro-Wilk.

4.3. Results
Twenty-three participants agreed to take part in a semi-structured interview. Interviews
lasted between 15 and 46 minutes (mean 28 (+9) minutes). The average age of participants
was 56 years and average baseline BMI was 40 kg/m? (see Table 4.1). Length of time since
diagnosis of NAFLD ranged from 1 month to 9 years. Following the 8-12 week VLCD, 70% of
those interviewed had achieved weight loss of greater than 10%. These baseline
characteristics closely matched those of participants taking part in the VLCD intervention pilot

study (i.e., the whole participant group), showing good representation.

4.3.1. Recruitment and retention
As previously discussed in greater detail in Chapter 3 (Section 3.5.2), this study was fully

recruited to the target sample size (n=30) within 6 months from a single centre. Briefly, 67%
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of patients approached were enrolled into the study, suggesting that a large proportion of
patients who are eligible are motivated to take part in a VLCD intervention. Furthermore, of
the 30 who were enrolled into the study, 27 (90%) completed the 8-12 weeks VLCD (16
completing 8 weeks and 11 completing 12 weeks), and 20 (67%) completing the study until
the 9 months follow up. Mean weight loss, when analysed for all patients irrespective of
completion, was 9.7% (11.3 kg) and 8.9% (10.3 kg) post-VLCD and at follow up, suggesting

good adherence.

4.3.2. Major and minor themes

Table 4.1. Baseline characteristics and weight loss achieved immediately post-VLCD in

patients who partook in interviews.

Variable

Age (years) 56+11

Gender (m/f) 15/8

BMI (kg/m?) 40+7

Weight (kg) 113+19

Time since diagnosis (months): mean 25431

median 12 (1-113)

Weight loss: absolute (kg) 14+13
Percent of initial body weight | 125

(%)

Deprivation score: absolute 28+20

quintile 3.3£1.5
Achieved 10% weight loss 16/23 (70%)
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Table 4.2: A summary of themes and sub-themes derived from thematic analysis of one-to-

one semi-structured interviews

Theme

Sub-theme

Direct quotes

Desire to achieve
rapid weight loss
to liver

health

improve

An opportunity to lose
weight quickly was a
significant motivator to

uptake

Knowledge that weight
loss could improve liver
and diabetes related

health was important

“The idea of quick weight loss...that
appealed” (Male, age 60. Weight loss

achieved: 14 kg)

“I think it was the fact that it was short
term- quick and fast” (Female, 64. Weight

loss achieved: 8 kg)

“It wasn’t about vanity, you know? | just
want to be healthier and live longer — that
is what | am doing this for” (Female, 64.

Weight loss achieved: 11 kg)

“If 1 have eaten rich food you can feel a
reaction almost from your liver. And | just
wanted to feel better about that, | just
wanted to feel healthier around that”

(Male, 54. Weight loss achieved: 24 kg)

Accountability to
clinicians providing
support facilitated

adherence

Regular clinic visits with
personalised feedback
promoted  continued

engagement

“The fact that | am coming to see you on a
weekly basis, or a fortnightly basis, it has
kept me focussed.” (Male, aged 41. Weight
loss achieved: 15 kg)

“Definitely, | think the main thing is the

visits” (Male, aged 31. Weight loss

achieved: 4 kg)
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The desire to receive
positive reinforcement
from a consultant or
clinical team member

promoted adherence

“l suppose it's a bit like being at school,
isn’t it, and sort of saying, “When | go back
and get weighed | want them to be pleased
with me.” (Female, aged 55. Weight loss
achieved: 11 kg)

“I would have cheated without the
support” (Male, aged 68. Weight loss
achieved: 16 kg)

“l like to come in every couple of weeks,
just to, the talking is helping.” (Male, aged
56. Weight loss achieved: 20 kg)

“Seeing the surgeons face with a big smile.
| walked in and he said ‘you’ve made my
afternoon’” (Male, aged 56. Weight loss
achieved: 20 kg)

The structured
nature of the VLCD
made it easier to

adhere

“Not having to think about what to eat or
what to cook. It made it so much easier
because I've got such an erratic lifestyle”

(Female, aged 55. Weight loss achieved: 11
k)

“It is more regimental. It is laid out clearly
for me, and | can follow it easily. And with
the advice | have been given as to what

other bits of recipes | can do | found it very,
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Practical and
emotional support
from friends,
colleagues and

family members

very easy.” (Male, aged 72. Weight loss
achieved: 17

kg)

“You do need a bit of your family to help
you... if | was on my own, it would have
been really, really hard.” (Male, aged 61.
Weight loss achieved: 12

promoted k)

adherence
“The people | work with... they were really
good, and they would bring food in, but
they would eat it when | was away from the
desk” (Female, aged 54. Weight loss
achieved: 23 kg)

Early and “l1 didn’t think | would last in the first

significant weight
loss promoted
continued

engagement and

adherence

week....| got weighed, and then I'd lost all
that weight in the first week, it gave me an
incentive to continue with it.” (Female,

aged 54. Weight loss achieved: 23 kg)

“In the first few weeks the motivation was
seeing that | had lost a reasonable amount
of weight pretty rapidly” (Male, aged 60.
Weight loss achieved: 3 kg)

“After the first initial five days, when | had
lost all that weight, | was like, ‘Yes, this, this
is working | can really do this” (Female,

aged 55. Weight loss achieved: 11 kg)
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Working patterns “If | was in a position where | could work

make adherence nine till five or you know regular hours,
to the VLCD same hours day after day, if | was in a good
difficult pattern I’d have no problem” (Male, aged

60. Weight loss achieved: 14 kg)

“I am really quite good during the week,
unless | am having to work away and that
makes it more difficult... | suffered where it
was really difficult in work situations.”

(Male, aged 60. Weight loss achieved: 3 kg)

An opportunity to lose weight rapidly incentivised patients to take part

The opportunity to achieve rapid weight loss, specifically to improve liver health and diabetic
control was reported by participants as a significant motivator to completing a VLCD. A
minority of participants reported a desire to lose weight to improve other health-related
conditions including musculoskeletal pain and breathing difficulties that they felt were
exacerbated by excess weight. It became apparent that advocacy of weight-loss by a clinician,
specifically a consultant made use of a VLCD to achieve weight loss feel ‘more about health’
and ‘less about vanity’. As such, it was clear that health was an important motivator... / just

want to be healthier and live longer, that is what | am doing this for”.

The majority of participants interviewed reported that rapid weight loss was more appealing
than steady weight loss over a longer period of time: “/ think it was the fact that it was short
term- quick and fast”. In relation to this, participants reported having tried a variety of weight
loss approaches unsuccessfully, therefore, the offer of a rapid weight loss solution that could
improve health, and was supported by medical and healthcare professionals facilitated

uptake of the intervention.
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Accountability to healthcare professionals promoted adherence

Accountability to the clinical team promoting use of the intervention and supporting
adherence to it emerged as a common and important facilitator to adherence. Specifically,
accountability towards the initial referring physician was reported: “Seeing the doctors face
last Friday with a big smile on his face...he says: “You’ve made my afternoon.”...and seeing

him happy”.

Accountability towards those delivering the intervention was consistently reported as a
facilitator to adherence: “The spur of being on a diet, a sort of regime... you think ‘oh, | can’t
let anybody down, you know’”; | suppose it’s a bit like being at school, isn’t it...”, ‘When | go
back and get weighed | want them to be pleased with me’ and “I would be saying to myself,

whenever | have felt like picking, ‘no, | am going to see [member of the team]... you know?”.
The intervention was easy to follow

Ease of following the VLCD was frequently reported as a facilitator to adherence. The meal
replacements played an important role by providing structure. Participants reported “not
having to think about what to eat or what to cook”. This was reported as helpful to overcome
the challenges of a busy lifestyle. Additionally, meal replacements provided flexibility for
those who were required to travel for work and during holidays “I just left a few of them at
work so that | didn’t even have to remember to take them in with me”. Consistently the VLCD
was reported as “simple” and something that “didn’t require much thought”: “It is laid out
clearly for me, and | can follow it easily. And with the advice | have been given as to what other

bits of recipes | can do, | found it very, very easy.”

Regular visits with positive feedback from the clinical team provided motivation to continue

Regular visits to the hospital to discuss progress and receive feedback was reported to be a
key facilitator to adherence: “I would have cheated without the support [of a healthcare
professional]. Participants reported being motivated and encouraged by feedback and
positive reinforcement from healthcare professionals and clinicians “Seeing the surgeons face

with a big smile. | walked in and he said ‘you’ve made my afternoon”.
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Practical and emotional support from friends, colleagues and family members was

instrumental to adherence

A need for support outside of hospital visits was reported to be critically important to
overcome everyday barriers to adherence. Participants referred to work colleagues and
family members making the diet easier to manage on a daily basis “The people | work with...
they were really good, and they would bring food in, but they would eat it when | was away
from the desk”. Emotional support from family members was identified as having a major
influence on adherence throughout the intervention: “You do need a bit of your family to help
you... if | was on my own, it would have been really, really hard”. Other examples of practical
and emotional support included family members also restricting their caloric intake “My
wife’s been the biggest supporter... she’s been eating the same amount of calories as me” and
“the help from my sister... we were always phoning each other up and she say, “Oh, | am
starving.” And I would say, “Oh just keep going, you will soon get over it.” And | would do the
same to her, so that helped. Similarly, practical support was provided by family members who
prepared suitable food or monitored their family members adherence “They’ll say, “Give me
a look at your book, to see if you’ve been cheating.” And “she will go shopping and get me
fresh prawns, fresh fish...more vegetables and buy stuff for stir-fry’s, get me water because

I’'m always drinking”.

Rapid early weight loss was a motivator to adhere to the intervention

Rapid weight loss during the first week of the intervention in particular was reported to be an
important motivator for the majority of participants, and a consistent facilitator to adherence.
Specifically, participants reported that early weight loss kept them going throughout the
challenging first week of the intervention: “I didn’t think | would last, in the first week. | think,
when | got weighed, and then I’d lost all that weight in the first week, it gave me an incentive
to continue with it. Participants also expressed surprise at seeing weight loss results so
quickly: “I didn’t think | would lose weight in the first week, but then | did.” suggesting that the

intervention exceeded their expectations.
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Shift work makes adherence to the VLCD difficult

Barriers to adherence to the VLCD were highly individual. They included physically demanding
jobs and family members providing temptation. However, the most consistently reported
barrier identified was irregular working patterns, specifically shift work: “If I was in a position
where | could work nine till five..., reqular hours, same hours day after day, if | was in a good
pattern I’d have no problem”. |t became apparent that despite the structured nature and
perceived flexibility of the intervention, participants who did not have a regular working
pattern, or those who could not leave work to attend study/intervention visits struggled to
adhere. Findings suggested that shift work and lack of support from the study/clinical team
hindered planning and participants did not develop skills to overcome challenges, for example

food temptations and the ability to deal with set-backs and fatigue.

4.3.3. Association between contact time and adherence

The number of study visits attended, used as a marker of contact time, was identified to be
strongly positively associated with adherence (IOC weight loss as a percentage of body
weight). Specifically, number of study visits attended throughout the VLCD intervention
(r=0.569, p=0.001) was less strongly associated with adherence than number of visits
attended through the overall study, inclusive of the weight maintenance/ follow up period

(r=0.637, p<0.001).

4.4. Discussion
The VLCD for NAFLD was reported by participants to be largely acceptable to those who
enrolled to study and easier than expected to adhere to. The qualitative data collected
generated six themes and four sub-themes that highlighted a number of factors associated
with uptake, engagement and adherence. The most salient facilitator to uptake was the desire
to achieve rapid weight loss to improve liver and diabetes-related health. Participants
emphasised that they would not have been so willing to take part if the weight loss strategy
was slow and gradual weight loss. Importantly, health rather than body image was the driving
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force for weight loss, highlighting the importance of communicating the specific health
benefits of the VLCD tailored to individual patient needs. Factors associated with continued
engagement with the intervention included accountability to the clinicians providing the
support. In this regard, participants highlighted that regular clinic visits with personalised
feedback encouraged them to engage, and their desire to receive positive reinforcement,
specifically from their consultant was highly influential and promoted adherence. The
structured nature of the VLCD made adherence easier for the majority of the participant
group. This removed the decision-making process around food choices and was practically
useful for work and some social events, although those who worked irregular shift patterns
reported adherence as problematic. However, this was linked to their inability to attend clinic
visits, and as such they didn’t acquire new self-regulation skills or receive support. Outside of
clinic visits, practical support from friends and family members was reported to be a salient
facilitator to adherence. Many participants reported that they might not have completed the
VLCD without the support they received at home. Interestingly, early and significant weight
loss was linked with adherence, i.e. those who achieved the greatest weight loss during the
first 1-2 weeks were more likely to complete the intervention and this was reflected in the
gualitative data generated, highlighting the importance of intensive support during the early
stages of the intervention to maximise weight loss; this was also reported within the DiRECT
trial (Rehackova et al., 2020). As well as facilitators to uptake, engagement and adherence, a
number of barriers were identified. These included irregular working patterns, in particular
shift work. While the VLCD was acknowledged to be flexible and easy to use in the work place,
the feedback and support provided during study visits were active intervention ingredients
that impacted on adherence. Participants with physically demanding jobs reported feeling
that the meal replacements did not provide sufficient energy requirements and this affected
adherence. While family members and friends were considered to be a facilitator to
adherence, they were also reported to be barriers by introducing temptation to foods. To
overcome perceived barriers, participants employed multiple behavioural regulation
strategies including; goal setting; planning, avoidance of food, including self-distraction and
planning for difficult social situations. These strategies were positively reinforced during study
visits which helped to embed them in to the everyday lives of participants. Indeed, as
indicated in section 4.3.2, contact time was strongly associated with adherence and

achievement of significant weight loss. This is likely due to individuals who attended more
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study visits experiencing greater support and reinforcement of behaviour change strategies.
This also further evidences that prior to commencing the intervention, consideration should
be given to participants availability to attend study visits and further substantiates why
irregular shift work may be a barrier to adherence for some individuals. Furthermore, it was
reported consistently that support from other participants would have been beneficial, and
provision of a summary of important outcomes from each visit (e.g., weight, BMI, blood
pressure and HbAlc, where applicable) to take home would have further increased

motivation to adhere.

There are some overlaps with the findings from this study and those conducted previously in
the context of lifestyle behaviour change. For example, it has been reported that physicians
play a crucial role in the advocacy of weight loss/ lifestyle behaviour interventions (Andersen
et al.,, 1997, Navarro et al., 2007). This highlights the importance of clinicians being
knowledgeable and appropriately trained to effectively refer patients to lifestyle behaviour
change interventions and to provide positive reinforcement throughout the intervention

period.

Prior to undertaking the VLCD, the majority of participants had attempted to lose weight and
maintain weight loss with varying levels of success. However, clinical advice regarding weight
loss in patients with NAFLD is often vague and unstructured and clinicians may benefit from
training to improve the information they provide to patients and the way in which they do so
to maximise behavioural change (Hallsworth et al.,, 2019, Alemany-Pages et al., 2020). In
general, awareness of NAFLD is low, even in patient populations at highest risk (Wieland et
al., 2015), therefore it is likely that knowledge about the role of weight loss on prevention of

progression of NAFLD is absent (Avery et al., 2017).

Facilitators to continued engagement and adherence widely encompassed several themes.
For example, the use of meal replacements meant that patients did not have to prepare
calorie-counted meals, and the small portions of vegetables gave participants the satisfaction
and satiety associated with eating and preparing solid food. This was reported as helpful,
particularly in the context of social and practical support outside of study visits was provided
by family, friends and colleagues and was instrumental to maintaining long-term adherence.
Data highlighted the importance of social support, wherever it may come from, as critically
important to patients regardless of gender, age, amount of weight loss achieved, or length of
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time since diagnosis. In order to facilitate integration of a VLCD into a clinical setting, it is
important to identify at the beginning the source of social support that each patient will most

positively respond to.

Achievement of early rapid weight loss was a significant facilitator to adherence. Participants
reported feeling the effects of the VLCD early on and this motivated them to continue, while
allowing them to take charge of their own health and regain control. Feedback on blood test
and body composition results obtained during the study visits were a major factor influencing

adherence highlighting the need for biofeedback.

When asked about ways in which the various components of the intervention could be
improved to maximise engagement and adherence, several participants suggested that
emotional and practical support from others undertaking the intervention would be valuable;
a sentiment that was observed in a study of participants with T2DM (Rehackova et al., 2017).
When considering the potential integration of a VLCD within a clinical setting, this could be a
low-cost adjunct to the services provided by healthcare professionals. Additionally, a further
suggestion from patients was to have an ongoing ‘report card’ where test results of interest
could be written down to enable self-monitoring. Personalised feedback throughout
interventions is a potentially useful strategy, particularly when closely accompanied by

guidance on how to elicit further improvements (Polonsky and Fisher, 2015).

In general, the predominant themes reported from this qualitative study are largely
supported by previous qualitative evaluations of VLCD studies in clinical populations including
T2DM, obesity and polycystic ovarian syndrome (Rehackova et al., 2017, Love et al., 2016,
Ostberg et al., 2011). The salient motivators to uptake reported in our data have striking
similarities to those reported in trials of VLCDs undertaken in people with T2DM. Specifically,
the desire to achieve rapid weight loss was reported as a major incentive to uptake and
engagement with the VLCD (Rehackova et al., 2017). In our study, alongside the desire to
achieve significant weight loss for health purposes, a desire for rapid weight loss was
demonstrated through patients wanting to dress in clothing that had once fitted them,
become more confident, and subsequently feel better about their bodies as a consequence
of the weight loss, as demonstrated in prior qualitative studies (Herriot et al., 2008, Vartanian

et al.,, 2012).
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It has been unanimously reported across T2DM, obese and polycystic ovarian populations
undertaking a VLCD that a highly regimented intervention promoted adherence, i.e. that
participants would not select the ‘wrong’ thing to eat. Similarly, the importance of support
outside of a clinical setting, such as from the workplace, friends and family, has been reported
in other qualitative evaluations of VLCDs (Rehackova et al., 2017, Love et al., 2016, Ostberg
et al., 2011). Our data also identified the importance of empowerment by participants taking
charge of their own health. This has also been observed in the context of T2DM (Rehackova
et al.,, 2017). This is critically important given that patient empowerment and consequential
self-management is now at the forefront of healthcare, particularly within elements of the

metabolic syndrome (Funnell and Anderson, 2004).

Overall, this data summarily reports that the VLCD is acceptable to many patients with NAFLD
(Scragg et al., 2020), and has the potential to be a suitable treatment approach for some
patients with NAFLD. In order to better understand the acceptability of the VLCD, it is
important that this study is repeated in a larger, more diverse cohort in terms of ethnicity and

age.

In order to successfully further evaluate the acceptability or potentially integrate into
standard clinical care, our data provides important insight. For example, this data presents
further evidence that clinician advocacy is effective in promoting adherence to a lifestyle
intervention, and that a brief conversation between patients and their clinician, as a credible
source of information, could encourage a patient with NAFLD to make some lifestyle changes.
VLCDs, despite being cost effective and efficacious in eliciting significant weight loss, are
reportedly underutilised by clinicians (Collins, 2003). Potentially, this underutilisation may be
due to lack of confidence in ‘prescribing’ a VLCD, but as of yet not been investigated. However,
the present data indicates that successful integration of a VLCD intervention into clinical care

may be dependent on clinician training of the intervention.

Overall, social and practical support from friends, family members, work colleagues and
members of the research time were identified as salient motivators to adherence. Regular
study visits facilitated the building of rapport between members of the research team
conducting the study visits and patients, which likely fed into patients feeling accounTable
towards medical professionals. This was reported as an important motivator to adhere to the

intervention. Similarly, it is important that patients have support from work colleagues or
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employers, to facilitate time off work to be able to attend study visits, as well as allocating
shifts accordingly to ensure patients are not overly fatigued. It is potentially important to
many patients that prior to commencement of the VLCD that they discuss the implications
and pragmatic elements with their work colleagues. It is important that, where applicable,
family members are involved in the decision to undertake a VLCD. Indeed, within our cohort,
we invited patients to bring family members to study visits, which patients reported to be

another important form of social support.

Feedback from patients provides an essential tool for successfully further evaluating the
potential acceptability of the VLCD. For example, it has been reported in our data, as well as
in a T2DM cohort, that support off other people undertaking the intervention would be hugely
valuable. Given that this could be provided at no extra cost to the running of the intervention,
this is an avenue that should be further explored. Potentially the most important feedback to
be derived from this study is the possible incompatibility of a VLCD with variable shift work.
This was highlighted as a major barrier to adherence and therefore further evaluations of the
intervention would be well placed to investigate how, and if, a VLCD could be adapted to suit

these individuals.

4.4.1. Limitations

The primary limitation to this study is the lack of patient views reporting on barriers,
facilitators and motivators to adherence and engagement throughout the weight
maintenance phase. In order to better understand the strategies employed throughout the
weight maintenance phase in order to minimise weight regain, interviews should have been
undertaken at 9 months follow up. However, at the 9 month time point, the majority of
patients did not have the flexibility around their working schedule to attend interview visits,
on top of the regular study visits, and therefore data saturation would not have been
achieved. Similarly, staffing arrangements within the research team and room hire
arrangements within the Freeman Hospital meant that where patients were available for

interview, a member of the research team or a spare room in which to host the interview was
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not. Further studies should explore the utility of telephone interviews or surveys in order to
add greater flexibility when exploring the qualitative data relating to the long-term

acceptability of the study, such as throughout the weight maintenance phase.

Another limitation was the lack of referring clinicians input. Should this intervention be scaled
up to be implemented in standard clinical care, or to inform larger studies in the future, the
input of the referring clinicians would add greater understanding to the feasibility of
recruiting to this intervention. However, in the present study, it was not possible to obtain a
representative views of the referring clinicians, due to scheduling difficulties alongside their
clinical practice. Furthermore, two of the referring clinicians were members of the research
team and therefore may have presented biased feedback and may not have been
representative of the other referring clinicians due to their personal interest in ensuring the
intervention was fully recruited to. Potentially, future studies could explore the utility of
clinician focus groups or explore other media to undertake interviews, such as telephones or
surveys, to increase the likelihood of obtaining the relevant qualitative data in spite of

scheduling difficulties.

The qualitative data revealed that involvement in a research study elicited significant
motivation to adhere to the VLCD, which has previously been reported (Herriot et al., 2008).
Furthermore, while this study intended to map onto usual clinical care, it is probable that the
level of communication between patients and members of the research team acted as a
facilitator to adherence and it would be difficult to replicate this intensity of communication
routinely. The development of a relationship between members of the research team,
particularly those conducting the interviews, may have reduced the likelihood that
participants reported negatively on the intervention and associated practices, although a
second member of the research team assisted in the conduct of interviews to help overcome
this issue. Similarly, lapses in the adherence of the intervention may have been under
reported due to self-preservation bias (Schlenker and Leary, 1982). Participants who did not
complete the intervention were invited to be interviewed, but did not agree. Therefore, these
data reflects only the opinions of those who completed the intervention. While only three
participants did not complete the intervention, their views were not represented.
Furthermore, of the original 45 people who were approached, 10 declined to take part

(Chapter 3, Section 3.2.2), suggesting that the VLCD intervention is not acceptable to all
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patients with advanced NAFLD. Further research should aim to formally report reasons for
declining to take part, so that potentially the study could be adapted or invitation materials
and conversations to increase uptake and potential acceptability. Finally, all participants
within this study were Caucasian, and therefore the views of patients from other ethnic
backgrounds not been explored. Future qualitative studies should aim to recruit those who
refused to participate, or who did not find the VLCD intervention acceptable in order to

develop strategies to overcome barriers.

4.5. Conclusions
The use of a VLCD to achieve significant weight-loss in adults with NAFLD is acceptable and

feasible. Overall, patients found the intervention easier than anticipated but intensely
rewarding. While barriers were identified, further research is required in a larger and more
diverse group of individuals with NAFLD to explore motivators, facilitators and barriers in

more detail to develop effective strategies to lifestyle behaviour change.
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5. Objectively measured physical activity and sleep in an advanced NAFLD cohort
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Abstract
Introduction: Non-alcoholic fatty liver disease (NAFLD) is associated with lower levels of

physical activity (PA). We aimed to evaluate the differences in levels of PA and inactivity in
patients with NAFLD and healthy controls using triaxial accelerometry, and establish if PA

and sleep changed from baseline to post-VLCD and follow-up.

Methods: Twenty patients with advanced NAFLD were age- and gender-matched to healthy
controls. Wrist-worn triaxial accelerometers assessed PA and inactivity over 24-hours for

seven consecutive days.

PA, inactivity and sleep were objectively measured for 7 consecutive days at three time

points- baseline, post-VLCD and follow up.

Results: Patients with NAFLD spent more time inactive (747 vs. 629 minutes/day; p<0.05)
and less time engaging in PA of all intensities (light PA: 180 vs. 236 minutes/day, p<0.05;
moderate PA: 28 vs. 120 minutes/day, p<0.001; and vigorous PA: 0 vs. 2 minutes/day,
p<0.01) when compared to healthy controls. After controlling for BMI, moderate and
unbouted moderate-vigorous PA were significantly lower in patients with NAFLD (p<0.05).
No significant changes were observed in PA of any intensity, inactivity and sleep data

between baseline, post-VLCD and follow up.

Conclusions: Targeted strategies to increase PA levels and decrease inactive time should be
included as part of standard clinical care for patients with NAFLD. An 8-12 week VLCD
programme did lead to any significant changes in PA, inactivity or sleep. Potentially, to assist
in weight loss maintenance and counteract a reduction in skeletal muscle mass, patients

should be encouraged to increase their level of PA after a VLCD.
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5.1. Introduction
As previously discussed, non-alcoholic fatty liver disease (NAFLD) is the most common liver
condition worldwide and is estimated to affect up to 33% of the Western population (Estes
et al., 2018). Given that NAFLD is directly linked to chronic excess calorie consumption, lack
of physical activity (PA)/exercise and being overweight/obese (Romero-Gomez et al., 2017),
the increasing rates of obesity corroborate the projection of rising NAFLD incidence. Given
that NAFLD is so strongly associated with lifestyle behaviours, and in the absence of approved
pharmacological therapies, modification of an individual’s lifestyle is the primary
recommended treatment (NICE, 2016c). Weight loss is key in managing NAFLD (NICE, 2016c),
but PA/exercise has been shown to have an independent effect on liver fat (Hallsworth et al.,
2011, St. George et al., 2009, Johnson et al., 2009) and is a useful adjunct alongside dietary
change to aide weight loss maintenance (Kistler et al., 2011, Krasnoff et al., 2008). Similarly,
breaking up prolonged inactivity using approaches such as bouts of walking has been shown
to be effective in attenuating postprandial glycaemia and inducing an energy deficit in high-

risk obese and inactive individuals (Bailey and Locke, 2015, McCarthy et al., 2017).

Current PA guidelines for healthy adults recommend performing a minimum of 150 minutes
of moderate PA or 75 minutes of vigorous PA per week (2020) however, up to 1/3 of people
within the general population fail to achieve this (Cassidy et al., 2018, Brainard et al., 2020).
Previous research has reported lower levels of PA in people with NAFLD when compared with
healthy cohorts using self-report methods (Zelber-Sagi et al., 2008, Ryu et al., 2015). However,
self-report methodologies are often less robust than objective methods (i.e. accelerometry)
as they offer a less precise measurement (Shiroma et al., 2015). Similarly, self-report
methodologies may include biased reporting of active and inactive behaviours and can
subsequently reduce the magnitude of the observable relative risks in etiologic studies to an
undetecTable value (Matthews et al., 2012). Furthermore, self-report may also be influenced
by variations in mood, depression, anxiety, or cognitive ability (Rikli, 2000). Due to these
limitations, daily step count became a popular objective alternative measure of physical
activity, and found to be significantly lower in NAFLD compared to healthy controls (Newton
et al., 2008). However, step count is largely limited in that it does not report on non-

ambulatory modes of PA, nor does it always report on PA intensity (Ruth et al.,, 2006,
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Chomistek et al., 2017). For a more accurate representation of an individuals’ PA levels, 24-
hour accelerometry is preferred over daily step count, as it allows for objective measurements
of duration, frequency and amount of PA which can subsequently be defined as ‘light’,
‘moderate’ or ‘vigorous’ (Murphy, 2009, Hallsworth et al., 2015). 24-hour monitoring is
beneficial as it allows for full inclusion of PA, sedentary time and sleep, thereby providing
more detail about a patients’ lifestyle. It also allows for time spent in inactive behaviors to be
guantified, which in itself has been identified as an independent risk factor associated with
obesity and increased cardiovascular risk (Ekelund et al., 2019, Vainshelboim et al., 2017).
Inactivity, has been associated with reduced energy expenditure (Hallsworth et al., 2015) and

an increased prevalence of NAFLD (Ryu et al., 2015).

Previous research has compared PA between NAFLD and healthy cohorts using biaxial
accelerometry, where the NAFLD cohort was shown to engage in significantly less PA than the
healthy controls (Hallsworth et al., 2015). However, triaxial accelerometry has been shown to
be more accurate when gauging PA than biaxial (Shiroma et al., 2015, Howe et al., 2009). This
is due to triaxial acceleromters detecting motion in three orthogonal planes (V, anterior-
posterior (AP), and medial-lateral (ML)), rather than motion detected in two planes as
reported by biaxial accelerometer (Plasqui and Westerterp, 2007). This is important as human
motion is not limited to movements in the V plane, especially during activities of daily living.
Gerber et al used triaxial accelerometry to evaluate activity in a NAFLD vs. non-NAFLD cohort
(Gerber et al., 2012). This study (n=3056 participants), reported that average PA for people
with NAFLD was approximately 29 minutes/day less than controls, with NAFLD patients

spending less time participating in PA at any intensity.

Many people with NAFLD suffer from obstructive sleep apnoea (OSA) (Aron-Wisnewsky et al.,
2016), and while studies have investigated the differences in sleep duration and efficiency
between NAFLD populations and healthy controls, this has only been done using self-report
guestionnaires. Data so far indicates that people with NAFLD experience shorter sleep
duration and poorer sleep quality (Marin-Alejandre et al., 2019, Imaizumi et al., 2015), but to

date this has not been measured objectively.

It has previously been reported that increasing PA following a VLCD in obese individuals has
been identified as an independent predictor for maintaining weight loss (Fogelholm et al.,
1999, Leser et al., 2002). However, there are conflicting findings on the efficacy of increased
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PA post-VLCD as a strategy for maintaining weight loss (Johansson et al., 2014). While changes
in PA and sleep pre and post-VLCD haven’t been reported in NAFLD patients before, no
significant changes were reported in patients with T2DM pre and post-VLCD (Lean et al.,
2019).

Similarly, changes in objectively measured sleep efficiency and duration haven’t been
investigated between baseline and post-VLCD in patients with NAFLD. However, improved
sleep efficiency and longer duration after an 8 week VLCD have been reported in patients who
are obese (BMI>30 kg/m?) (Janus et al., 2020), and sleep quality has been consistently
demonstrated to improve following significant weight loss, by either dietary or surgical

methods in obese patients with OSA (Foster et al., 2009, Dixon et al., 2012).

Establishing key differences in PA, inactive behavior and sleep between people with NAFLD
and healthy controls, and how levels differ from published guidelines/recommendations, is
of paramount importance for tailoring PA advice, reducing time spent inactive and ensuring

good quality sleep as a means of managing NAFLD in the clinical setting.

The purpose of this study was to objectively evaluate PA levels, inactivity and sleep using 24-
hour tri-axial accelerometry in patients with clinically confirmed NAFLD and compare this to
age- and gender-matched healthy controls. Furthermore, as an adjunct to the VLCD study
(Chapter 3) we aimed to evaluate changes in PA levels and sleep data between pre-VLCD,
immediately post-VLCD and at follow up. This study hypothesised that a NAFLD cohort would
engage in less PA and more physical inactivity compared with age and gender matched
healthy controls, and that people with advanced NAFLD experience poorer sleep quality than
age and gender matched healthy controls. Furthermore, given that the VLCD intervention was
purely dietary and not related to PA behaviours, this study hypothesised that patients with
advanced NAFLD would not experience an increase in PA or decrease in physical inactivity.
This study hypothesised that sleep quality (sleep efficiency) would increase between baseline

and post-VLCD as a result of significant weight loss.
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5.2. Methods
5.2.1. Recruitment and inclusion/exclusion criteria
As per the recruitment outlined in section 2.2.1, thirty patients with a clinical diagnosis of
significant NAFLD were recruited from hepatology clinics within the Newcastle upon Tyne
Hospitals NHS Foundation Trust (NuTH) from January-July 2019. Clinically significant NAFLD
was defined as imaging evidence of steatosis plus an indeterminate or high NAFLD Fibrosis
Score (= -1.455) or FIB-4 (>1.3 if age <65; > 2.0 if age 265) (Angulo et al., 2007, McPherson et
al., 2017, McPherson et al., 2010), or histological evidence of NASH with fibrosis. Patients with
compensated NASH cirrhosis (Child-Pugh score <7) were also eligible for recruitment. Other
inclusion criteria specified age >18years, weight stability (+/-3%) since biopsy/non-invasive

assessment of liver health and capacity to provide informed consent.

Patients were excluded if they had evidence of co-existent liver disease (e.g. autoimmune
liver disease, viral hepatitis, alpha-1 anti-trypsin deficiency, haemochomatosis or Wilson’s
disease), decompensated NASH cirrhosis (Child Pugh score > 7), excessive alcohol
consumption (>21 units/week for males; >14 units/week for females), known cancer,

myocardial infarction within six months and pregnant/considering pregnancy.

An age- and gender-matched healthy control group were recruited through advertisements
at NuTH and Newcastle University, Newcastle upon Tyne, UK. Body weight (kg) and height
(cm) were measured using an electronic stadiometer (SECA 799, SECA UK). BMI was

subsequently calculated as body weight (kg)/ (height (m)?).

As described in section 2.11, NAFLD patients as part of the VLCD study (Chapter 3) wore the
wrist-worn accelerometer for seven consecutive days at three time points throughout the

study period; baseline, post VLCD and at follow up.

The study protocol was approved by North East-Newcastle & North Tyneside 1 Research
Ethics Committee (REC reference: 18/NE/0179) (ISRCTN Register: ISRCTN85177264) and
Newcastle University Research Office (reference: 2901/2017). All participants provided
written informed consent. The funders played no role in the design, conduct, or reporting of

this study. All procedures were performed in accordance with the Declaration of Helsinki.
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5.2.2. Accelerometer data analysis
Participants in both groups were instructed to wear the GENEActiv tri-axial accelerometer
(Activinsights Ltd, United Kingdom) continuously on either wrist for seven consecutive days.
Accelerometers were returned by post and the data downloaded and stored. Accelerometer
data was only included for further analysis if the monitor wear time included at least three of

the seven monitored days and at least one weekend day.

Raw accelerometer data was processed in R (www.cran.r-project.org) using R-package GGIR
(Version 2.0-0) (Van Hees et al., 2013, Migueles et al., 2019, RCore, 2016) . Calibration error
of the signals were inspected and corrected as described previously (Van Hees et al., 2014).
The inclusion of at least 16 hours of valid data for inclusion in the analysis has been described
elsewhere (Charman et al., 2016). The average magnitude of wrist acceleration per 5 second
epoch was calculated with metric ENMO (1 mg = 0.001 x gravitational acceleration) as
previously described (Van Hees et al., 2013). Monitor non-wear has been described previously
(Van Hees et al., 2013) and was replaced by the average accelerometer data on similar time
points on different days of the measurement (Van Hees et al., 2014, Sabia et al., 2014). The
imputation procedure has been described elsewhere (Charman et al., 2016). Time spent in
the following acceleration thresholds were calculated: inactivity (<40 mg cut-off) light PA (40-
100 mg cut-off); moderate PA (100-400 mg cut-off), vigorous PA (>400 mg cut-off), moderate-
vigorous PA (MVPA) (2100 mg cut-off) (Hildebrand et al., 2014, Cassidy et al., 2018). Bouts of
MVPA are identified as all 1 or 5 minute time windows that start with a 5 second epoch value
equal or higher than 100 mg and for which 80% of subsequent 5 s epoch values are equal to
or higher than the 100 mg threshold (Hildebrand et al., 2014). Estimated total sleep duration
(minutes) and sleep efficiency (%) based on absence of change in arm angle greater than 5
degrees for a time period of 5 minutes or longer has previously been described (Van Hees et

al., 2015).

5.2.3. Statistical Analyses
All statistical analyses were performed using IBM SPSS version 24 (IBM, Armonk NY, USA).
Statistical significance was set at p<0.05. Data were assessed for normality and outliers using
Shapiro-Wilk and boxplots. Non-normal data was either log-10 or square-root transformed,

or assessed using a Mann-Whitney U test. Differences between groups were assessed using
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an independent students T-test. The mean BMI was significantly higher in the healthy cohort
when compared with the NAFLD cohort and BMI has previously been associated with lower
levels of PA (Petersen et al., 2004). Therefore, an ANCOVA controlling for BMI was undertaken
to establish if the significant differences between the groups persisted when adjusted for BMI.

Data is presented throughout as median (range) unless stated otherwise.
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5.3. Results
5.3.1. NAFLD cohort vs. healthy cohort
5.3.1.1.  Characteristics of subjects and available data
The patients within the NAFLD cohort who had analysable data at baseline (Figure 2.1) were
age- and gender-matched to healthy controls (see Table 5.1). The median BMI for NAFLD and
healthy controls were significantly different (37.9 vs 24.0 kg/m?; p<0.001). Given the nature
of accelerometery data collection and relative likelihood of technical failure, not all data was
able to be analysed. Indeed, within the NAFLD cohort, technical failure was caused by data
being stored in the incorrect format for analysis (Figure 5.1). No technical failures were
observed in the healthy cohort. Furthermore, in order to maximise accuracy, datasets were
not analysed if they did not meet the threshold for minimum wear time (as described in
section 5.2.2). As indicated in Figure 5.1, after accounting missing data, twenty patients from
the NAFLD cohort had analysable data which was then subsequently age and gender matched

to twenty healthy volunteers.
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Approachedin clinic: 45 Word of mouth:2

Received participant Did not receive participant
information sheet: 44 informationsheet: 3
Recruited: 30 Not recruited: 17
Accelerometer data Accelerometer data Ineligible: 5
obtained: 29 not obtained: 1

)
| Not interested: 8

Acceptable accelerometer
datasets: 20

Unsuitable wristsize for Lost to follow up: 4
Technical failure: 6 accelerometer: 1

Weartime did not exceed
minimumthreshold: 3

Figure 5.1. CONSORT diagram to show recruitment and participant flow of NAFLD arm

5.3.1.2. Wear time
Median wear time (days) for both groups was 6 days (Table 5.1), with a range of 3-7 days
being achieved. Of the NAFLD cohort, 15% of subjects wore the accelerometer for 7 days
compared to 40% within the healthy controls. Overall, general adherence was high -within
the days that data was captured, median wear time (minutes) was 1438 for both cohorts,

where 1440 would represent the whole 24 hours.

5.3.1.3.  Inactivity and activity levels
Significant differences were observed in time spent engaged in inactive behaviours, and
different PA intensities between the groups. Inactive behaviours (shown in Table 5.1), were
significantly higher in the NAFLD cohort compared to the healthy cohort (747 vs. 623
minutes/day; p=0.026), equating to a difference of approximately 2 hours per day. Time spent
engaged in ‘light’ PA was significantly lower in the NAFLD cohort than the healthy cohort (180

vs. 236 minutes/day; p=0.043), with a similar trend shown in moderate PA (28 vs. 120
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minutes/day; p<0.001) and vigorous PA (0 vs. 1.9 minutes/day; p=0.003) respectively. Time
spent in MVPA combined was significantly lower in patients with NAFLD compared to healthy
controls (29 vs. 127 minutes/day; p<0.001). Time spent engaging in bouts of MVPA for over 5
minutes were significantly higher in the healthy controls (9 vs. 28 minutes/day; p<0.001).
Similarly, time spent engaging in bouts of MVPA for over 10 minutes were significantly higher
within the healthy controls (5 vs. 28 minutes/day; p<0.001), as shown in Figure 5.2. When
adjusted for BMI, moderate and unbouted moderate-vigorous PA remained significantly

different between healthy controls and the NAFLD cohort.

Overall, results indicate that the NAFLD cohort spent less time engaged in PA of any intensity

when compared to their healthy controls, shown in Figures 5.2A-D.

5.3.1.4.  Sleep data
Sleep data was not statistically significantly different between the NAFLD and healthy cohorts
(Table 5.1). However, sleep duration was marginally lower in the NAFLD cohort (360 vs. 388
minutes, p=0.201) and sleep efficiency less (87 vs. 90%, p=0.072). Within the NAFLD cohort,
2 patients had obstructive sleep apnoea (OSA). These patients both reported sleep duration
(299 and 306 minutes) in the lowest quartile of the NAFLD cohort and sleep efficiency (83 and

87%) were both lower than median value presented below.

Table 5.1. Characteristics and objectively measured inactive behaviour, PA levels, sleep

duration and efficiency of NAFLD and healthy cohorts

Characteristics NAFLD Healthy P value Adjusted
P value
Mean Age (years) 58.4+125 56.9+11 0.502
BMI (kg/m?) 379  (30.2-[24.0  (20.0- | <0.001***
62.3) 37.7)
Gender (m/f) 10/10 10/10
Variables
Wear time (days) 6 (3-7) 6 (3-7) 0.966
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Wear time (minutes) 1438 (1190- | 1438  (1140- | 0.049*

1440) 1440)
Sleep duration (minutes) 360 (186-467) | 388 (233-506) | 0.201
Sleep efficiency (%) 87 (70-93) 90 (65-95) 0.072
Time inactive (minutes) 747 (514-996) | 623 (249-770) | 0.026* 0.325
Time light (minutes) 180 (62-341) 236 (122-376) | 0.043* 0.758
Time moderate (minutes) | 28 (2-175) 120 (27-199) <0.001*** 0.028*
Time vigorous (minutes) 0 (0-4.8) 2 (0-37) 0.003** 0.376
Time moderate-vigorous | 28 (2-176) 127 (27-205) <0.001*** 0.025*
(minutes)
Time MVPA bouts >5|9115 28 £15 <0.001*** 0.117
minutes (mean)
Time MVPA bouts>10 | 5+ 11 28 £ 24 <0.001*** 0.065

minutes (mean)

*denotes statistical significance p<0.05

**denotes statistical significance p<0.01

***denotes statistical significance p<0.001
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Figure 5.2. A breakdown of time spent engaging in inactive behaviour and the different
intensities of PA. A) Time spent engaged in inactive activity. B) Time spent engaged in light
activity. C) Time spent engaging in moderate activity. D) Time spent engaged in moderate-
vigorous activity. Vigorous-only boxplot was excluded due to data being too low to be

graphically represented.

5.3.1.5.  Correlations between BMI and physical activity
Within the NAFLD cohort, BMI was significantly positively correlated with time spent engaged
in inactive behaviour (r=0.523, p=0.018). Similarly, BMI was also significantly negatively
correlated with time spent in moderate and moderate-vigorous activity (r=0.477, p=0.034 and
r=0.474,p=0.035, respectively). Within the healthy cohort, BMI was significantly positively

correlated with time spent engaged in inactive behaviour (r=0,612, p=0.004).
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Table 5.2. The correlation between BMI and PA intensity levels in the NAFLD cohort and

healthy controls.

PA intensity NAFLD Healthy

Inactivity R=0.523, p=0.018* R=0.612, p=0.004**
Light R=-0.382, 0.097 R=-0.224, p=0.342
Moderate R=-0.477,0.034* R=0.020, p=0.935
Vigorous R=-0.199, p=0.400 R=-0.130, p=0.586

Moderate-Vigorous

R=-0.474, p=0.035*

R=-0.018, p=0.940

*denotes statistical significance p<0.05
**denotes statistical significance p<0.01

***denotes statistical significance p<0.001

5.3.2. Changes in PA levels and sleep following a VLCD
5.3.2.1.  Auvailable data

Taking into account patients dropping out from the VLCD study, technical failures and not all

patients achieving the threshold for minimum wear time, complete datasets were available

asindicated in Table 5.3. Overall, there were 12 patients with data analysable over three time

points. The six technical failures related to the data from the GeneActiv being stored in the

incorrect format for analysis.

Table 5.3. Total analysable datasets for each time points

Time point Drop out Technical Less than | Total
failure minimum wear | analysable
time datasets
Pre VLCD (n=30) | O 6 3 20
Post VLCD | 3 3 3 21
(n=27)
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Follow up | 10 1 2 17
(n=20)

5.3.2.2.  Activity levels
Across baseline, post-VLCD and follow up, no significant differences were observed in activity

levels of all intensities (see Table 5.4 and Figure 5.3).

Table 5.4. Activity levels at each time point throughout the intervention

Variable Baseline Post VLCD | Follow up | P value
(n=12) (n=12) (n=12)

Inactivity 710455 7061104 7741211 0.305
(minutes)

Light (minutes) | 177174 208+80 180+80 0.207
Moderate 37128 62161 67170 0.246
(minutes)

Vigorous 0.6+1.5 1.0+2.2 0.2+0.4 0.713
(minutes)

Time moderate- | 37+29 63163 67170 0.863
vigorous

(minutes)

Time MVPA | 54 13+14 14421 0.943
bouts >5

minutes (mean)

Time MVPA | 25 10+18 13+23 0.363
bouts >10

minutes (mean)
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Figure 5.3. Changes in A) inactivity, B) light activity, C) moderate activity, D) vigorous activity

and E) moderate-vigorous activity between baseline, post-VLCD and follow up.
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5.3.2.3.  Sleep data
There were no significant changes in sleep duration or sleep efficiency between baseline, post

VLCD and follow up (see Table 5.5 and Figure 5.4).

Table 5.5. Sleep duration and efficiency at each time point throughout the intervention

Variable Baseline Post VLCD | Follow up | P value
(n=12) (n=12) (n=12)
Sleep duration | 35375 356193 322180 0.303
(minutes)
Sleep efficiency | 8517 83112 8618 0.969
(%)
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Figure 5.4. Changes in A) sleep duration and B) sleep efficiency between baseline, post-VLCD

and follow up.
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5.4. Discussion

5.4.1. NAFLD vs. healthy controls
This is the first study to compare activity levels between an advanced NAFLD cohort and age-
and gender- matched healthy controls using tri-axial accelerometery over 24 hours to
measure sleep, PA and inactive behaviour. The findings reveal individuals with NAFLD have 1)
lower levels of PA across all intensity domains, 2) higher levels of inactive behaviour and 3) a
trend towards poorer sleep quality and shorter sleep duration, compared to healthy
counterparts. When controlling for BMI, only MVPA remained significantly lower, suggesting
overweight/obesity is a key contributor to a reduction in overall PA levels and an increase in

inactivity behaviour in people with NAFLD.

5.4.1.1.  Physical activity
While a number of studies have described differences in PA levels between healthy
populations and those with NAFLD, to date, the data presented is the first of its kind to be
specifically compared between age- and gender-matched groups using tri-axial
accelerometry. This study describes a clear differentiation of activity patterns between the

two cohorts.

Historically, methods used to ascertain PA levels have primarily used self-report (Van Hees et
al., 2014), where it was observed that individuals with NAFLD partake in less ‘all intensity’
activity, than healthy individuals (Zelber-Sagi et al., 2008, Ryu et al., 2015). While this NAFLD
cohort had been formally diagnosed using imaging techniques, this study is largely limited by
the methodology employed to ascertain PA levels. Another study evaluated the difference in
activity between a large NAFLD population and compared this to a non-NAFLD population
(Gerber et al., 2012). Significant differences were observed in PA between large populations.
Individuals with NAFLD were in the lowest quartile of both average and moderate-vigorous
PA (P < 0.01). However, patients were classified as having NAFLD incidentally following a non-
invasive scoring system- the Fatty Liver Index (Bedogni et al., 2006). While the FLI is easy and
widely applicable to clinical care, it is possible that it may classify individuals who are simply
overweight as having NAFLD, as BMI is the main contributing factor to the FLI score.

Furthermore, only 10h/day over seven consecutive days of activity data was analysed,
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increasing the likelihood that activity levels could be significantly over- or under- estimated.
Similarly, the healthy comparator arm was not age- or gender-matched. Therefore, the
current data presents a novel viewpoint of differences in PA between a NAFLD cohort and
healthy individual; the inclusion of patients who have been clinically diagnosed with NAFLD

and the use of objective methodologies for measuring inactivity, PA and sleep.

The presented data adds further valuable information on the disparity of PA levels between
people with NAFLD and healthy controls. Given that NAFLD is directly associated with excess
caloric consumption and lower levels of PA and exercise, this study further supports the
recommendations that all patients with NAFLD should be encouraged to increase their PA
levels and reduce sedentary time where possible. One of the barriers to uptake of PA and
exercise within individuals with NAFLD has been identified as a lack of confidence due to fear
of falling, despite understanding the benefits of exercise (Frith et al., 2010). Therefore,
tailored PA/exercise interventions are key to provide reassurance and guidance for people

with NAFLD to facilitate safe uptake of PA.

There exists a complex paradigm between disease burden and the feasibility of engaging in
regular PA, as many individuals with clinical diagnoses of NAFLD and/or obesity often
perceive barriers to PA that healthy individuals may not, such as a lack of confidence or a fear
of falling, and subsequently this perpetuates an ongoing cycle of insufficient PA and
worsening disease burden (Frith et al., 2010). It is therefore of critical importance that
individuals with NAFLD are educated on the positive effects that increasing PA/reducing
inactivity could have for them, while being provided with personalised recommendations

regarding PA that could be suitable for them.

54.1.2. Inactivity
Previous studies have described greater levels of inactivity in NAFLD cohorts compared to
healthy populations (Ryu et al., 2015, Hallsworth et al., 2015), usually intrinsically coupled
with lower levels of ‘all-intensity’ activity, as aforementioned. The data presented is the first

of its kind to identify greater levels of inactivity using tri-axial accelerometery.

Increased time in physical inactivity and sedentary behaviours has been associated with

obesity and increased body weight (Martinez-Gonzdlez et al., 1999). Given that NAFLD is
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strongly associated with increased caloric intake, reduced time spent engaging in PA/exercise
and inactive behaviour (Trovato et al., 2013, Centis et al., 2013), this presents an area within
individuals lifestyle that could be targeted therapeutically. For example, this could provide an
opportunity to encourage those with NAFLD to break up time spent being inactive using
approaches such as bouts of walking or seated arm ergometry, as has been shown as effective
in attenuating postprandial glycaemia and inducing an energy deficit in high-risk obese and
sedentary individuals (Bailey and Locke, 2015, McCarthy et al., 2017). Given the prominent
crossover of caloric surplus and dysregulated glycaemia in NAFLD populations, this could be
an important means of managing and combatting some of the clinical burden induced by

NAFLD.

5.4.1.3. Sleep
Despite no statistically significant difference in sleep, there is a trend towards reduced
duration and efficiency/quality in those with NAFLD compared with healthy controls. It has
previously been reported that NAFLD populations experience shorter sleep duration and
poorer sleep efficiency than healthy controls (Marin-Alejandre et al., 2019). While the data
presented reports different observations, it is important to acknowledge differing methods
of data collection namely objective vs. self-report questionnaire. Imaizumi et al assessed sleep
duration by questionnaire and subsequently grouped sleep duration into time brackets and
assessed for correlation (Imaizumi et al., 2015). Sleep duration of <6 hours was associated
with prevalence of NAFLD in women. Similarly, another study used the Pittsburgh Sleep
Quality Index to assess the differences in sleep characteristics between normal weight non-
NAFLD individuals and obese NAFLD individuals (Marin-Alejandre et al., 2019). In this NAFLD
cohort, a higher prevalence of short sleep duration and poor sleep quality were found and
sleep quality predicted up to 20% of the variability of liver stiffness, after adjusting for
potential confounders. However, it is likely that BMI and body weight may have played an
important role in these findings. It is important to consider that the presented data did not

depict any significant differences in sleep, however, as aforementioned, other studies have.

While primary treatments for NAFLD target weight loss through diet and increased exercise/
PA, the presented and existing data regarding sleep dysregulation in patients with NAFLD
provide an argument for the assessment of sleep in patients with NAFLD. This could allow for
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subsequent interventions or referral pathways to be explored as a means of improving sleep
within NAFLD populations. The prevalence of sleep apnoea in NAFLD populations has been
reported as approximately 46% (Singh et al., 2005) and, as such, it is suggested that they share
interlinked pathophysiology (Aron-Wisnewsky et al., 2016). Therefore, it is important that

healthcare providers assess and treat sleep dysregulation as a key compartment of NAFLD.

5.4.1.4. Controlling for BMI
When adjusted for BMI, the differences in PA levels between the NAFLD and healthy controls
are largely diminished, indicating that body weight is likely a key influencer of PA. However,
the data still highlights significant differences in levels of moderate PA between groups.
Similarly, there is a trend towards significance in MVPA bouts of greater than 10 minutes

between groups.

Other studies that have evaluated PA in NAFLD and healthy cohorts (Hallsworth et al., 2015,
Gerber et al., 2012) have not controlled for body weight, and observations have been made
that a higher BMI is associated with lower levels of PA in NAFLD patients (Hallsworth et al.,
2015). It is challenging to appropriately age, gender and BMI match a healthy population to a
NAFLD population, as it is difficult to recruit individuals with a high BMI who are otherwise
healthy. This dataset is novel in identifying varying levels of PA between NAFLD and healthy

groups, in spite of the challenges that BMI matching presents.

Obesity without NAFLD is strongly associated with a reduction in PA levels across all
intensities (Hansen et al., 2013, Van Dyck et al., 2015), indicating a similar pattern to our data.
It is probable, and evidenced in the data presented, that BMI confers a great influence over
levels of PA. The relationship between BMI and PA is a complex paradigm. It is unfeasible to
dissect obesity from NAFLD as they are physiologically linked as part of the disease process.
While the ‘lean NAFLD’ phenotype is a widely recognised characteristic of the NAFLD
spectrum (Chen and Yan, 2006) it is important to consider that obesity is an inherent aspect
of NAFLD for the majority of patients, and is a major shareholder in the clinical burden of
NAFLD. It is therefore of utmost importance to account for this when considering potential

therapeutic interventions for those with NAFLD.
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5.4.2. Physical activity, inactivity and sleep throughout a VLCD intervention

5.4.2.1.  Physical Activity
There were no significant changes in PA of all intensities between baseline, post VLCD and
follow up. However, throughout the VLCD, given the significant caloric deficit, patients were
not encouraged to partake in any extra PA and therefore significant changes between

baseline and post-VLCD were not expected.

Previously, Lean et al. have evaluated the changes in PA at baseline and 12 months follow-up
post-VLCD in patients with T2DM (Lean et al., 2018). At baseline, mean levels of light,
moderate and vigorous activity (minutes/day) were 118, 51 and 1, respectively. At follow up,
mean levels of light, moderate and vigorous activity (minutes/day) were 118, 51 and 1,
respectively. PA did not significantly change between baseline and follow up for light activity
(p=0.618), moderate activity (p=0.811) and vigorous activity (p=0.840). This pattern of change
is consistent with the changes presented in the current dataset, and the levels of moderate
and vigorous PA were similar between studies, while light intensity was higher within the
NAFLD cohort. Similarly, objectively measured PA in an obese cohort showed no significant
changes between baseline and at follow up after bariatric surgery (Afshar et al., 2017),
indicating that patients do not necessarily make changes to their lifestyle despite achieving
significant weight loss. However, changes in PA following significant weight loss have not

previously been reported in patients with NAFLD.

Given the importance of caloric surplus and insufficient PA in the progression of NAFLD, it is
of great importance that following significant weight loss, patients adapt their lifestyle
behaviours to prevent recurrence of indicators of NAFLD. This is of particular importance as
increased PA has been strongly associated with reduced weight gain at 3 years after a VLCD
(Leser et al., 2002, Fogelholm et al., 1999). This presents an opportune period in which

patients should be encouraged to increase PA to maintain achieved weight loss.

5.4.2.2. Inactivity
In the present study, inactivity did not significantly change between any time points. Inactivity
has been associated with increased insulin resistance and an increased risk of T2DM, NAFLD

and metabolic syndrome, particularly in obese/ overweight adults (Amati et al., 2009, Arias-
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Loste et al., 2014, Mohan et al., 2005, Rector and Thyfault, 2011). Therefore, alongside weight

loss, it is important that physical inactivity is reduced.

Previous studies have investigated the changes in time spent engaged in physical inactivity
following significant weight loss, achieved using dietary interventions, in overweight/ obese
patients and have reported no significant changes in time spent being inactive (Weinsier et
al., 2000, Bartholdy et al., 2020). This suggests inactivity is not frequently addressed alongside
other lifestyle changes that have been used to elicit weight loss, despite the concurrent health
benefits that have been reported, and that patients do not alter activity patterns in response

to weight loss.

5.4.2.3. Sleep
Our data reported no significant changes in sleep duration and sleep efficiency. Similarly, the
DIiRECT study reported no changes in the sleep efficiency (73 vs. 72, p=0.5066) or duration
(421 vs. 443, p=0.4522) following a VLCD in T2DM (Lean et al., 2018). Within our NAFLD
cohort, sleep duration was much lower while efficiency was higher than the T2MD cohort of
the DIRECT study. Despite a relatively large number of patients within the NAFLD cohort
having obstructive sleep apnea (OSA), of which weight loss is recommended as a management
strategy (Chirinos et al., 2014), improvements in this specific subgroup were not vast enough
to significantly improve mean sleep efficiency and duration. Significant weight loss, induced
by both VLCDs and gastric bypass surgery, have been shown to improve OSA and subsequent
sleep quality in obese patients (Suratt et al., 1992, Dixon et al., 2012, Kansanen et al., 1998),
with further research suggesting that those who lose over 10 kg experience the greatest
improvements in OSA in overweight patients with T2DM (Foster et al., 2009). However, this
has not been investigated in NAFLD- specific cohorts and therefore the presented data is

novel in evaluating this.

Improvements in sleep duration and efficiency are also associated with improvements in
anxiety, depression and insulin resistance which are commonly associated with NAFLD (Van
Cauter, 2011, Gregory et al., 2011). Poor sleep efficiency and reduced sleep duration have
been associated with obesity and insulin resistance (Reutrakul and Van Cauter, 2018).
Concurrently, short sleep duration and OSA have been consistently shown to increase hunger,
appetite and food intake, with the increase in caloric intake in excess of the energy
requirements of extended wakefulness (Reutrakul and Van Cauter, 2018, Murphy et al.,
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2017). Therefore, the utilisation of significant weight loss to improve elements of NAFLD could
potentially be achieved through both the reduction of hepatic adiposity and the improvement
of sleep duration and efficiency to improve insulin resistance, appetite, satiety and glucose

tolerance.

While significant changes in sleep duration and efficiency were not observed within our
NAFLD cohort, this could be due to not enough patients losing a significantly large enough
amount of weight to positively affect sleep or a small sample size of analyzable data across all
time points. However, this provides an area where further research in larger cohorts would

be of significant clinical importance to patients with NAFLD.

5.4.3. Strengths
All individuals within our NAFLD cohort were clinically diagnosed using biopsy, imaging
techniques or histological parameters, and were under the care of consultant hepatologists,

allowing for a definitive diagnosis of advanced NAFLD.

Age matching is of particular importance, as NAFLD is most prevalent in the 5" and 6t
decades of life (Lazo et al., 2013), therefore comparator arms should aim to match this.
Previous studies have reported significant differences in both age and gender between
groups, with NAFLD arms generally being older and having a higher proportion of males
(Gerber et al.,, 2012, Van Hees et al., 2014). This could potentially add selection bias to
reported measures of PA between groups as previous research has indicates that PA is
generally higher amongst adult males compared to females (Azevedo et al., 2007, Monteiro
et al., 2003, Martinez-Gonzalez et al., 2001) and is lower in older adults compared to younger
adults (Sallis and Saelens, 2000). Our data was gender-matched, with comparator paired ages

matched within %3 years of one another.

This study benefited from the use of tri-axial accelerometers, which have been shown to be
more accurate that uniaxial and biaxial accelerometers when estimating PA (Howe et al.,
2009, Shiroma et al., 2015). Tri-axial accelerometers were wrist worn for with 24 hour
monitoring, improving compliance and reducing non-wear time. This is beneficial as
discrepancies have been observed where both objective and self-report methods have been

used in the same obese cohort as part of the same study (Afshar et al., 2017). Importantly,
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this data is unique as it is the first study to evaluate sleep and PA following a VLCD in a NAFLD

cohort.

5.4.4. Limitations
Our study did have some limitations, the most major pertaining to our small sample size. As
is the nature with accelerometer data, not all patients wore the accelerometers for the
required length of time. We chose a minimum of 3 days wear time to ensure that the data
analysed was more likely to be representative of the individuals’ day to day activities (Doherty
et al.,, 2017). The main reason for not obtaining accelerometer data was technical failure. In
most incidences where this happened, data was not stored in the correct format to be

subsequently analysed.

Another limitation with this dataset is the differing average BMI between groups. While we
aimed to, and successfully did, age- and gender-match our NAFLD cohort to healthy controls,
it was not possible to match BMI. Given the nature of NAFLD and its strong association with
obesity, it would difficult to find individuals with a BMI classified as ‘obese’ but who were
otherwise healthy. However, to account for this, the datasets were analysed with adjustments

for differing BMI between groups as previously described.

The healthy cohort presented were predominately selected from university/hospital staff,
their families or post-graduate students, likely leading to a largely homogenous group of
individuals who were highly educated and not of a lower economic status. Studies have
reported on the effect of socioeconomic status and health outcomes, with a positive
correlation found between lower socioeconomic status and poorer health outcomes (Pickett
and Pearl, 2001). Further research in this area would benefit from including participants from
a wider range socioeconomic backgrounds, to allow for a truer representation of a standard

‘healthy’ cohort within the UK.

5.5. Conclusions
This study aimed to evaluate and compare PA levels between a NAFLD and a healthy cohort.
The results from this study show a significantly different pattern of PA between the groups,
with the NAFLD cohort engaging in lower amounts of ‘all-intensity’ PA compared with the
NAFLD cohort, as well as spending more time engaged in inactive behaviours. No significant

differences were observed in sleep duration or efficiency. Overall, this presents an
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opportunity where PA could be targeted therapeutically in order to improve NAFLD and
reduce the risk of disease progression. This also provides further evidence of the importance
of targeting PA with NAFLD populations, and raising awareness within both patient and

healthcare provider populations that increasing PA could be a powerful tool in combatting

NAFLD.
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6. Assessing the needs of patients awaiting liver transplantation: Development of a targeted

exercise intervention
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Abstract

Background: The prevalence of liver disease, and subsequently the demand for liver
transplantation is increasing annually. Lifestyle behaviours and measures of functional
capacity have previously been identified as major indicators of mortality post-transplant and
as such are now assessed as part of the suitability for transplant to determine whether a
patient is listed or not. This study aimed to (i) undertake and subsequently utilise a
retrospective cohort analysis of all patients assessed for suitability for liver transplantation
and; (ii) conduct focus group discussions with patients and healthcare professionals to inform

the development of an exercise intervention for patients awaiting liver transplantation.

Methods: Data were collected from all patients being assessed for liver transplantation
between January 2014- May 2018 at one regional transplant centre in the UK to conduct a
cohort analysis. Focus group discussions were undertaken with a purposively sampled group
of patients and health care professionals to inform the development of the exercise

intervention.

Results: Of 332 patients assessed, 47% were listed for transplant. The need for lifestyle
modification was one of the primary reasons for patients not being listed, and measures of
functional capacity were significantly lower in those who were considered to be suitable for
liver transplantation relative to population normative values. Patients reported that they
would be keen to take part in an exercise intervention while on the waiting list if it improved
their outcomes, and that information about the benefits of exercise on liver transplantation
outcomes would act as a motivator to take part. Safety concerns were reported to be a barrier

to uptake and adherence.

Conclusion: This research has identified a cohort of patients who would benefit from lifestyle
optimisation prior to liver transplantation. Patients who are on the waiting list, or have
undergone a liver transplantation would be motivated to partake in an exercise intervention

prior to the liver transplantation.
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6.1. Outline of Chapter
This Chapter reports on the development of an exercise intervention targeted towards
patients who are on the active waiting list for liver transplantation and is divided into two
phases: Phase one involved a retrospective cohort analysis that was undertaken to quantify
and define the proposed target population. Phase two involved development of the exercise
intervention, informed by findings from the qualitative focus group discussions with patients

and healthcare professionals.

6.2. Phase one: retrospective cohort analysis

6.2.1. Introduction
Liver disease is the fifth most common cause of death in the UK (Murray et al., 2013) with
increasing prevalence in recent years (Pimpin et al., 2018). Liver transplantation is a successful
treatment for end-stage liver disease with current one and five year survivals in excess of 90%
and 70%, respectively (NHS, 2019). Over the last decade, the demand for liver transplantation
in the UK has steadily increased (NHS, 2017, NHS, 2019)) and the average time on the waiting
list for liver transplant is 99 days (NHS, 2019). This provides an opportunity to support patients

on the waiting list to make lifestyle behaviour changes to optimise post-surgical outcomes.

It is well recognised that liver transplantation is associated with the onset of a number of
conditions that increase risk of early mortality, including new onset diabetes, hypertension
and dyslipidaemia (Benhamou and Penfornis, 2002, Gisbert et al., 1997). These conditions
have the potential to be prevented or improved by behavioural intervention targeting health
and lifestyle behaviours including physical activity, exercise, diet, smoking and medication
adherence (De Luca et al., 2015). Lifestyle factors are central to both survival on the waiting
list and long-term post-transplant survival. Therefore it is important to support patients to
make positive and sustainable lifestyle behaviour changes. However, this represents a
complex medical challenge because rarely are clinical teams trained to target lifestyle

behaviour change in a meaningful and personalised way.

Guidelines for optimising pre-transplant health now incorporate recommendations to target
smoking cessation, alcohol reduction/cessation, dietary modification and physical activity

levels (Burra et al., 2016, Murray and Carithers Jr, 2005). Currently there are no universally
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agreed approaches to targeting these lifestyle behaviours in clinical practice. Research has
shown that a combination of diet and exercise is the most effective approach for weight loss
(Marchesini et al., 2016) and growing evidence highlights that higher cardiorespiratory fitness
prior to surgery, improves post-transplantation outcomes (Prentis et al., 2012). Furthermore,
frailty has been shown to be indicative of waitlist mortality (Lai et al., 2014). However, there
is limited guidance to provide specific recommendations on the type, amount and intensity
of exercise that would be most beneficial for safely improving or maintaining fitness in pre-
liver transplant cohorts. Few studies have evaluated the reasons for ineligibility, and
proportion of patients ineligible for liver transplantation; and of those that have assessed
reasons for ineligibility, functional status and lifestyle behaviours have not been reported
(Kemmer et al., 2011, Arya et al., 2013). A single-centre Canadian study reported that 49% of
patients assessed were ineligible for transplant (Arya et al., 2013). Reasons for this included
psychosocial contraindications, and being referred to assessment for suitability too early (ie.
needing further investigations). Kemmer et al. specifically assessed a cohort of patients who
were ineligible for transplantation, however, functional capacity and frailty were not
measured (Kemmer et al., 2011). A greater understanding of patients who are ineligible for
liver transplant could serve to establish an intervention pathway for this cohort, with the goal

of improving candidacy for transplantation.

The primary aim of the cohort analysis was to characterise the lifestyle behaviours and
functional capacity of patients being assessed for liver transplantation. The findings of the
analysis would inform the development of an exercise intervention for patients awaiting liver
transplant. The hypothesis of this cohort analyses was that people being assessed for
suitability to receive a liver transplant would have poor functional capacity, as described using
measures of physical fithess determined by a CPET. Similarly, it was therefore hypothesised
that people on the active waiting list for liver transplant would have low levels of physical

fitness.

6.2.2. Methodology
The Freeman Hospital, Newcastle upon Tyne, is the North-East of England’s transplant centre,
and one of seven within the UK. Throughout the year, transplant assessment meetings (TAMs)
are held fortnightly to assess patients presented for referral to the active transplant waiting
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list. These meetings are held involving a multidisciplinary team including hepatologists,
transplant coordinators, dieticians, social workers and anaesthetists where information
obtained from each clinician/health care professional (HCP) is combined to provide a fully

informative dataset for each patient to allow a decision on listing to take place.

6.2.3. Data collection
Data were collected from all patients being assessed for liver transplantation at The Liver Unit,

Newcastle upon Tyne Hospitals NHS Foundation Trust, UK between January 2014 and March
2018. Each patient was discussed at a multidisciplinary TAM to determine their suitability for
liver transplantation. Data from these meetings were used as the primary data source for this
cohort study (n=332). The study protocol was approved by North East-Newcastle & North
Tyneside 1 Research Ethics Committee (REC reference: 16/NE/0144). The data obtained
related to all patients assessed for suitable for wait-listing for liver transplantation, however,
this was largely to inform the development of the exercise programme targeted towards
people who were considered suitable candidates to receive a liver transplantation and
subsequently referred to the active waiting list. While the data relating to that of the patients
who were not wait-listed was of interest, the primary goal was to describe the clinical
characteristics of those who would receive the intervention, i.e. those on the active waiting

list.

6.2.4. Data analysis
Data collected for each patient included demographics and underlying aetiology of liver

disease (Table 6.1); lifestyle behaviours (alcohol, smoking, physical activity (PA)), weight, BMI
and measures of functional fitness (Anaerobic Threshold (AT), peak oxygen consumption
(VOgzpeak)) and grip strength) (Table 6.1). The underlying aetiology of a patient’s liver disease
was defined as the initial diagnosis of disease affecting the liver. Patients with hepatocellular
carcinoma (HCC) were recorded and grouped separately to other aetiologies in addition to
being grouped into their underlying liver disease. Blood results were taken from the patients’

most recent blood profile.

6.2.5. Lifestyle and functional measurements
Information relating to lifestyle behaviours (alcohol consumption and smoking status) was

collected through patient self-report and psychosocial evaluation by the medical and
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addictions team. A cardiopulmonary exercise test (CPET), performed on a cycle ergometer
using a Wassermans protocol, was used to obtain data on AT and VO2zpeak (Wasserman et al.,
2005). Not all patients were able to reach AT or VOypeak for reasons other than poor fitness,
and these reasons were recorded (e.g., large volume ascites). Grip strength (Takei 5401 digital
dynamometer) was measured as an indicator of frailty (Xue et al., 2011), on both hands. The

score from the patients’ dominant hand was recorded.

While some patients were formally asked about their levels of physical activity (PA), responses
ranged from self-assessed levels of independence to maximum distance they were able to
walk/push themselves in a wheelchair. Therefore, a homogeneous PA data set was not
available for analysis.
6.2.6. Statistical analysis

Descriptive statistics were used to define the whole cohort who were assessed for suitability
for liver transplantation. Normality was assessed using box plots and the Shapiro-Wilk
calculation. Descriptive statistics were used to compare patients’ subcategorised into
listed/not listed for transplant. Subsequently, the descriptive statistics for the ‘listed for
transplant’ and ‘not listed for transplant’ sub-groups were compared. The unadjusted
analyses of differences for categorical variables (listed and non-listed) were performed using
the Pearson’s Chi-squared test and the Independent t-test for continuous variables, with p
values <0.05 considered statistically significant. All statistical analyses and comparisons were

undertaken using SPSS Version 24.0 (IBM Corp, 2018).
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6.3. Results

6.3.1. Patient characteristics
Patient characteristics are presented in Table 6.1. The overall cohort that was assessed had a

median age, weight and BMI of 58 years, 79 kg and 27 kg/m? respectively. Similarly, within
the overall cohort, 63% of all patients assessed were male, and there were no significant
differences in the male/female ratio between the listed and non-listed sub-categories. There
were no significant differences in age, gender, weight or BMI between the listed and non-

listed sub-categories.

6.3.2. Liver disease characteristics
Across the whole patient cohort, Alcoholic Liver Disease (ALD) was the most common

aetiology requiring assessment for transplant (Table 6.1). Autoimmune (Al) liver disease
(including autoimmune hepatitis, primary biliary cholangitis and primary sclerosing
cholangitis) and non-alcoholic fatty liver disease (NAFLD) showed statistical significance
between the listed and non-listed groups (p=0.004 and p=0.04 respectively), with more
patients being listed than not in the Al group, and less patients being listed within the NAFLD

group. Other aetiologies showed no variance between groups.

The most common associated comorbidity was type 2 Diabetes Mellitus (T2DM) with an
overall prevalence of 30%, ranging from 15% amongst those with Al liver disease to 75% of
those with NAFLD. Cardiovascular disease (CVD) affected 18% of patients, and chronic
obstructive pulmonary disease (COPD) affected 8% of the total cohort. When compared to
the non-listed group, listed patients had a significantly higher Model for End Stage Liver
Disease (MELD) (p=0.001) and United Kingdom Model for End Stage Liver Disease (UKELD)
score (p=<0.001), Bilirubin (p=0.003), Alanine Transferase (p=0.008) and Alkaline Phosphate
(p=0.001) (Table 6.1). See appendix L for normative MELD and UKELD values.

6.3.3. Lifestyle characteristics and functional capacity
Overall, 17% of patients assessed for suitability for liver transplantation reported smoking

regularly. There was a lower prevalence of current smokers in the listed compared to the non-
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listed group (p=0.001) (Table 6.1). In the context of alcohol, when patients with ALD were
excluded from the analyses (i.e. patients with ALD are required to be abstinent from alcohol
before consideration for transplantation), there was no significant difference in alcohol
consumption between the listed and non-listed groups, with 18% of all patients assessed

reporting consuming alcohol.

Mean AT amongst all patients assessed for suitability for liver transplantation was 12
ml/min/kg. There was no significant difference in AT between the listed and non-listed
groups. This could be largely attribuTable to a significantly higher proportion of patients who
were unable to start the CPET in the non-listed group, therefore not generating a measurable
value for AT (Table 6.1). In situations where patients were unable to start the CPET, this was
due to a lack of fitness in 24% of cases, and in these cases patients reported difficulty getting
on to the bike or struggled to pedal at minimal resistance. 15% of patients were unable to
start the CPET due to their comorbidities (e.g. musculoskeletal conditions). Other reasons for
patients not being able to start the CPET were ascites or being “too unwell”. For 44% of
patients unable to start their CPET, there was no reason recorded. There was no difference in
grip strength between groups, with overall grip strength from all patients being reported as
25 kg.
6.3.4. Non-listed population (See Figures 6.1 and 6.2)

The most common reason reported for patients not being listed was deferral, often
necessitating an opinion from another clinician or healthcare professional, or requiring
further investigation (e.g. coronary angiographies, endoscopies or further imaging). This was

classified as ‘requiring further investigation’ (30%) (Figure 6.1).

The requirement for lifestyle modification was the next most common reason for not listing
(23% of patients) (Figure 6.1). Of the 39 patients within this category, 56% were advised to
improve their fitness and/or to reduce their BMI; 15% of patients were advised to stop
smoking; and 15% were advised to abstain from alcohol (Figure 6.2). Remaining patients

required nutritional reconditioning or increased psychological support (13%).
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Table 6.1. Characteristics of underlying liver disease, associated complications,

comorbidities, lifestyle behaviours and functional capacity.

Categorical data are presented as %. Continuous variables are presented as median (range).

Total (n=332) Listed Non-listed P
(n=157) (n=175)

Age 58 (17-74) 58 (17-72) 58 (24-74) 0.562
Weight (kg) 79 (44-146) 82 (48-146) 77 (44-137)  0.069
BMI (kg/m?) 27 (18-47) 26 (18-46) 28 (16-47) 0.724
Gender: Male (%) 63 68 59 0.079
Aetiology:
ALD (%) 39 36 43 0.217
NAFLD (%) 15 11 19 0.040*
NAFLD + ALD (%) 5 5 5 0.824
Autoimmune liver disease (%) 18 25 13 0.004**
Cryptogenic cirrhosis (%) 4 3 4 0.691
Hepatitis (%) 6 6 5 0.813
Other (%) 14 15 13 0.581
Hepatocellular Carcinoma (%) 17 15 20 0.355
Comorbidities
T2DM (%) 30 28 31 0.572
CVD (%) 18 15 21 0.212
COPD (%) 8 6 9 0.348

Blood parameters
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Bilirubin (umol/L)
Albumin (g/L)
Creatinine (umol/L)
Alanine aminotransferase
(unit/L)

Urea (mmol/L)

Alk Phosphate (unit/L)
Hb (g/L)

Severity of Liver Disease
MELD
UKELD

Alcohol (Excluding ALD)
Consumes alcohol (%)

Does not consume alcohol (%)
Abstinent for >6 months (%)
Abstinent for <6 months (%)

Unknown (%)

Smoking status

Smoker (%)
Non-smoker (%)

Quit > 6 months ago (%)
Quit < 6 months ago (%)
Unknown (%)

Functional Capacity

Anaerobic Threshold (n=230)

VO2peak) (Ml/kg/min) (n=223)
Didn't start CPET (%)

37 (11-287)
34 (28-45)
76 (65-176)
31 (16-79)

5.2 (3.9-16.5)
147 (73-869)
110 (81-149)

14 (1-40)
53 (38-75)

18
37
25

14

17
54
24
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48 (13-287)
34 (31-38)
74 (65-176)
35 (19-79)

4.8 (3.9-16.5)
152 (73-869)
112 (81-129)

16 (6-40)
55 (38-71)

23
31
27

13

10
59
28

Listed
(n=118)
12+2
15+5
10

31 (11-41)
34 (28-45)
78 (71-116)
26 (16-47)

5.5 (4.4-8.8)
141 (116-266)
109 (125-149)

13 (1-40)
53 (42-75)

14
42
23

15

24

49
21

Non-listed

(n=112)

0.003**
0.595
0.780
0.008**

0.140
0.001**
0.523

0.001*
<0.001*

0.093
0.176
0.505
0.774
0.121

0.001*
0.085
0.145
0.812
0.201

0.454
0.897
0.032*



Did not complete CPET (%) 11 11 10 0.872
Completed CPET (%) 77 80 73 0.127
Grip strength (kg) (n=71) 25+9 28+11 24+8 0.466

*Denotes statistical significance at p<0.05; ** Denotes statistical significance at p<0.01

Patient required further investigation mEEEEEEE——————————— 30%
Patient required lifestyle modification m——————————— 23%
TIPSS offered s 10%
Patient too unwell —— S 9%
Patient too healthy mm 3%
Patient declined mm 3%
Other TEEEEE————— ))Y%

Figure 6.1. Reasons for ineligibility for liver transplantation

Advised to reduce weight/ improve fitness GG 56%
Advised to stop smoking N 15%
Advised to stop drinking G 15%
Requires nutritional reconditioning I 10%

Psychological support is advised to improve M 3%

Figure 6.2. Required Lifestyle Modifications in order to be eligible for liver transplantation
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6.3.4.1.  Listed Population
Of all patients listed for transplant, the median age, weight and BMI respectively were 59
years, 81 kg and 27 kg/m? representing an overweight cohort of patients. 68% of the listed
cohort were male. When grouping the underlying aetiologies of patients, the cohort analysis
revealed the most common aetiology in those who are listed was ALD at 36%, with the second
and third most prevalent being autoimmune and NAFLD, with 25% and 11%, respectively. 16%
of listed patients had HCC and 39%, 38% and 25% had developed varices, ascites and
encephalopathy, respectively. There was a high prevalence of comorbidities, with 32% of
listed patients diagnosed with T2DM and 30% had a diagnosed MSK condition. The median
MELD and UKELD scores were 15 and 34, respectively. In terms of patients listed for
transplantation, 23% reported regularly drinking alcohol (excluding patients with ALD as an
underlying aetiology) and 9.9% reported still smoking. Cardiorespiratory fitness was low, with
median scores of 12 ml/kg/min (AT) and 14 ml/kg/min (VO2peak)) reported. The completion
rate for CPET was 81%, with the remaining patients either being unable to initiate the CPET
(8%) or being unable to complete it (11%). Median grip strength was recorded at 26 kg, which
represents a normative value for a female over the age of 60 years old (Massy-Westropp et
al., 2011). Therefore, it can be interpreted that the patients assessed as part of this cohort
analysis were generally below the normative grip strength value for both their age and

gender.

6.3.4.2.  Non-listed Population
Patients who were ineligible to be listed for liver transplantation had a median age, weight
and BMI of 58 years, 75 kg and 27 kg/m?, respectively, and 59% of this population were male.
As with the listed population, the most common aetiology was ALD (39%), with AIH (18%)
being the second most common and NAFLD (15%) being the third. 20% of non-listed patients
had HCC, and 47% had ascites, 46% had varices and 22% had encephalopathy. Within this
population, the most common comorbidity was MSK (32% patients), and T2DM was the
second most common comorbidity (31% of patients). The median score for AT was 11, and
14 ml/kg/min for VOazpeak. Completion of the CPET was 72%, with the remainder of patients

being unable to initiate CPET (18%) or being unable to complete it (10%). Median grip strength
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was recorded as 24 kg, which, as previously discussed, falls considerably lower than normative

grip strength value for patients of this age and/or gender (Massy-Westropp et al., 2011).

When patients with ALD were excluded, there was no significant difference in alcohol
consumption between listed and non-listed populations (p=0.093). There was a lower

prevalence of smokers in the listed group compared to the non-listed group (p=0.009).

There was no significant difference between AT or peak VO, between listed and non-listed
patients (p=0.454). This could potentially be explained by the large amount of missing values
for the non-listed group due to inability to participate in the CPET, which was significantly
higher in the non-listed group (p=0.009). The inability to participate in the CPET was often
due to a lack of fitness, a complication associated with liver disease or a comorbidity related
problem in both listed and non-listed populations. Similarly, grip strength showed no
statistical difference between cohorts (p=0.455). However, the median recorded grip strength
of 25.75 kg is considered very poor for both males and females aged 58 (average age) (Massy-
Westropp et al., 2011). On a normative scale, a peak VO of 14.45 ml/kg/min would be

regarded as ‘very poor’ in both males and females (Rangari et al., 2019).

Approximately 15% of patients were unable to start the CPET due to their comorbidities. In
the vast majority of patients, this was MSK related, usually due to back, hip or knee pain. This
was similar for those who were able to start but unable to complete the CPET, where often
they would report pain part way through the exercise necessitating them to stop before
reaching their AT. This was consistent across listed and non-listed patients, and therefore

showed the exercise capability of potential intervention recipients.

6.3.5. Discussion
The aim of this cohort analysis was to define the characteristics and functional capacity of
patients being assessed for liver transplantation in order to ultimately inform the
development of an exercise intervention for patients on the active waiting list. However,
depiction of the non-listed group presents an interesting group of patients, who likely no
longer have any viable treatment methods remaining for their liver disease, as liver
transplantation is the only curative therapy for those with decompensated cirrhosis

(Cholongitas et al., 2006). Therefore, it is vitally important that as many patients as possible
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are put forward for liver transplantation, are eligible. In this respect, it is imperative to
characterise this sub-group of the cohort in an effort to understand why they are not
considered a suitable recipient for liver transplantation and to maximise the functional

capacity of those awaiting transplant.

Given the significant ongoing disparity between the supply of liver grafts and the demand
elicited by individuals on liver transplantation waiting lists (NHS, 2019, Network, 2017), it is
important to ensure that those who are offered the surgery are in the best health possible.
This is of considerable importance for patients who are both waitlisted and not waitlisted.
Specifically, patients who are offered the transplant should aspire to be in the best possible
health to maximise the longevity of the transplanted liver, and minimise post-operative
adverse events (Prentis et al.,, 2012, Levesque et al., 2017, Yadav et al., 2015). It is well
reported that patients experience a significant decline in functional capacity while on the
waiting list (McAdams-DeMarco et al., 2019, Duarte-Rojo et al., 2018), which has a
subsequently negative impact on post-operative mortality and functional capacity (Prentis et
al., 2012, Kaido et al., 2017). Indeed, regardless of age, frailty has recently been associated
with almost a two-fold increased risk of waitlist mortality (Haugen et al., 2020). Furthermore,
given that there is a significant risk of developing metabolic syndrome following liver
transplantation (Dunn et al., 2020), it is important to implement active lifestyle behaviours
pre-transplantation in order to better facilitate the patients return to exercise/ activity post-
transplant. Indeed, considering only 40% of patients achieve physical robustness 1 year after
liver transplantation (Lai et al., 2018) and only 25% are physically active (Painter et al., 2001),
it is essential to encourage as many pre-transplant patients as possible to remain active in
order to better prepare them for a return to everyday activity. A structured physical activity/
exercise regime devised prior to transplantation would likely provide patients with a

framework for resuming activity.

For patients who are not waitlisted, it is still important to maintain as good a level of physical
activity/ functional capacity as possible in order to reduce liver disease associated
complications and maintain a good quality of life (Tapper et al., 2015). Furthermore, from a
clinical perspective, understanding reasons for ineligibility for waitlisting is of paramount
importance going forward, to ensure that patients with the most optimum projected

outcomes are offered transplantation. Therefore, it can be assumed that maintenance of
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physical activity will serve to increase longevity in the absence of liver transplantation in this

sub group of patients.

6.3.5.1.  Non-listed population
The main findings of the retrospective cohort analysis were, all patients assessed for
suitability for liver transplantation, regardless of whether they were waitlisted or not, had
extremely poor fitness and poor musculoskeletal strength (indicated by grip strength). With
regards to the non-listed population, 23% of patients assessed for liver transplant required
lifestyle modification before being listed; and 56% of these non-listed patients were advised
to improve their physical fitness and reduce weight. There was a significantly higher
proportion of patients who could not start the CPET in the non-listed group. Following an
unsuccessful transplant assessment, non-listed patients face a poor prognosis (Kress et al.,
2000). A high proportion of these patients could potentially be listed if tailored interventions
were provided to target lifestyle behaviour change prior to assessment for liver

transplantation.

One of the primary reasons for non-listing within the patient cohort was the requirement for
lifestyle modification prior to listing. These data highlight a growing need for optimisation of
lifestyle behaviours prior to assessment for transplant, and suggests that lifestyle
interventions should be integrated within clinical care pathways to increase the number of
patients eligible for listing and to optimise outcomes of transplant long-term. There is no
literature comparing the fitness of listed and non-listed patients, however, previous research
has reported on measures of functional capacity in patients undertaking assessment for
suitability for liver transplant. For example, VOaxpeak in cirrhotic patients with compensated
clinical disease status has been reported as 20 ml/kg/min (Campillo et al., 1990) which varies
significantly from the findings of this cohort analysis (15 ml/kg/min and 14 ml/kg/min for
listed and non-listed respectively). A study in 2015 reported a VOzpeak of 22 ml/kg/min in
patients awaiting liver transplant within a cohort of 8 patients (Debette-Gratien et al., 2015).
Lai et al (2013) have shown that patients who are unable to complete CPET or obtain an AT
score have an increased likelihood of a poor outcome following major surgeries, specifically
longer hospital stays and higher early and medium-term mortality (Lai et al., 2013). The data
from the current cohort analysis shows that 18% of all non-listed patients were unable to
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complete the CPET, compared with 10% of those listed. The proportion of patients unable to
complete the CPET due to inadequate fitness reflects a sub-group of patients too unfit to
undergo liver transplantation, or at a greater risk of poor post-transplant outcomes. In the
cohort, this represents 10% of all patients assessed. This presents a unique group of patients
who would benefit from lifestyle optimisation prior to transplant assessment, to increase the
efficacy of the assessment procedure. Identifying those unlikely to complete the CPET early
in the assessment procedure would allow timely provision of a physical activity/exercise

intervention, tailored to individual needs and capabilities to improve fitness.

Non-listed patients face a poor prognosis following unsuccessful assessment for liver
transplantation and a higher likelihood of mortality. Previous research has reported a
significant difference in mortality of patients with advanced liver disease who were refused
transplantation when compared to those who were successfully transplanted, with an overall
mortality of 56% compared to 12%, respectively (Kress et al., 2000). There is limited follow-
up data reporting on the prognosis of those refused transplant, but given the significant
difference between successful and unsuccessful liver transplant recipients, and the projected
increased demand for liver transplantation (Arulraj and Neuberger, 2011) it is becoming

increasingly important to target lifestyle optimisation prior to assessment for listing.

The non-listed population described in this cohort analysis would benefit significantly from
prehabilitation prior to being assessed for suitability for transplantation. Should these
patients engage in prehabilitative exercises in order to maximise pre-assessment fitness (or
lose weight), this could represent a significantly larger proportion of patients who are eligible
for transplantation. Subsequently, this would act to streamline the assessment procedure,

thereby making it a more time and cost effective process.

6.3.5.2.  The role of the cohort analysis for informing the exercise intervention
The cohort analysis indicated that the target population of the intervention would comprise
of very unfit patients, with measures of functional fithess comparing poorly to healthy
age/gender matched individuals within the general population. This demonstrated a need for
an exercise intervention to target cardiorespiratory fitness and strength, to improve post-
transplant survival. Currently, there are established pathways in place to target smoking and

alcohol cessation, however there are no agreed, evidence-based dietary or PA/exercise
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interventions integrated within the clinical pathway that target pre-transplant weight loss

and fitness in listed patients.

Evidence is emerging that exercise training in solid-organ transplant recipients is a safe and
effective approach for improving health pre-transplant (Wallen et al., 2016). Importantly,
supervised exercise training in liver transplant candidates has shown to be safe and feasible,
particularly in obese cirrhotic patients (Williams et al., 2019, Macias-Rodriguez et al., 2019,
Spengler et al., 2017) improving hepatic venous pressure gradient and ventilator efficiency,
with no episodes of hepatic encephalopathy or variceal bleeding reported (Macias-Rodriguez
et al., 2016). The increased reassurance provided from these studies has served to pave the
way for implementation of structured prehabilitative interventions in patients on the liver

transplant waitlist.

Prehabilitation in advance of cardiovascular, lung and digestive surgeries have been reported
to improve pre-operative VOazpeak, With a recent meta-analysis reporting how prehabilitation
could reduce postoperative complications following abdominal surgery (Moran et al., 2016).
Interventions comprising supervised cycling ergometery, kinesiotherapy and treadmill
walking (Zenith et al., 2014, Roman et al., 2016, Macias-Rodriguez et al., 2016, Roman et al.,
2014) have assessed the effect of prehabilitative exercise interventions on 1 year survival and
complication rate post-transplant, as well as VOapeak, liver function and body composition. All
four studies concluded that supervised exercise was safe and efficacious in the context of
increasing exercise capacity (Roman et al.,, 2014, Zenith et al., 2014, Roman et al., 2016),
VOzpeak (Macias-Rodriguez et al., 2016, Zenith et al., 2014), quality of life (Roman et al., 2014)
and muscle mass (Roman et al., 2014, Roman et al., 2016, Zenith et al., 2014). Furthermore,
no studies have reported cirrhosis decompensation or adverse outcomes during the exercise

interventions.

The cohort analysis presented a range of patients with varying comorbidities. Specifically,
those of a MSK nature were prevalent, therefore identifying the need for a versatile
intervention, capable of accommodating patients’ needs. This is important because it was
reported to be a significant barrier to starting and completing the CPET and therefore would
likely limit patient participation in an exercise intervention. However, the wide range of
comorbidities reported presents a cohort of patients that need a flexible intervention that
could be adapted to facilitate participation despite patients being restricted due to their
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comorbidities. Similarly, it was noted that consideration should be given to liver-related
complications, such as ascites, varices and encephalopathy. This informed the development
of the exercise intervention, because it became apparent that patients with significant ascites
or varices would require modifications to their exercises to take part safely (Tandon et al.,
2018). Modifications could include; ensuring adequate primary or secondary variceal
prophylaxis is in place prior to exercise participation (for patients with significant varices) and
having caregiver supervision for those with significant ascites and subsequent impaired
balance (Tandon et al., 2018). An alternative approach recommended for managing exercising
with ascites is to progress exercises on days where ascites accumulation is insignificant and/or
does not affect balance. With regards to patients with significant hepatic encephalopathy, it
is recommended that medical optimisation is in place to manage the symptoms of
encephalopathy prior to partaking in any exercise, and that exercises are supervised by
caregivers, or if not possible, a certified exercise professional (Tandon et al., 2018). Other
modifications that could be utilised include the use of supported, or chair-based exercises,
for patients who are at a greater fall risk, to minimise the risk of injury during exercise

sessions.

The cohort analysis highlighted the importance of an intervention that is adapTable and
flexible that could be easily personalised according to each patient’s physiological needs,
given the range of co-morbidities within this cohort. As such, it was imperative that the
intervention should involve a variety of exercises, targeting cardiorespiratory, muscular
strength and stability. Furthermore, this data supported previous research that has described
the large proportion of patients with cirrhosis who have sarcopenia, i.e. estimates ranging
from 22-62% (Meza-Junco et al., 2013, Montano—Loza et al., 2012, Masuda et al., 2014, Van
Vugt et al., 2016). Furthermore, sarcopenia is independently associated with both waiting list
and post-liver transplant morbidity (Van Vugt et al., 2016, DiMartini et al., 2013, Englesbe et
al., 2010). This further describes the need for exercise within this cohort of patients, but also
presents a further consideration that should be employed when developing an exercise

intervention for patients with cirrhosis.

Significant modifications and considerations, are required when ‘prescribing’ exercise to the
liver transplant population due to the variance of the underlying aetiologies and prevalence

of comorbidities. This represents the need for an intervention that could be delivered in a
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variety of settings and environments, and not dependent on the availability of any particular
exercise equipment. For example, in order to undertake supervised exercise, patients may
exercise in a range of locations- at home, at a friend or family members home or within a
community exercise setting. This cohort analysis was therefore essential for providing
important information about frailty and fitness of the cohort to whom the exercise
intervention was targeted (i.e. a significant proportion had low fitness levels while awaiting
liver transplantation). This information highlighted that an intervention was imperative to

improve the fitness of all patients on the liver transplantation waitlist.

6.3.6. Conclusion
This cohort analysis described the characteristics and functional capacity of patients who
were assessed for inclusion onto the liver transplant waiting list. It described a cohort with
relatively poor functional capacity, and given the important role that perioperative fitness has
on post-transplant outcomes, affirmed that an exercise intervention would be beneficial for
patients awaiting surgery. It provided insight into the breadth of comorbidities that was
essential to understanding the target patient population, while at the same time highlighting

the considerations required when designing an exercise intervention.
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6.4. Phase two: development of the exercise intervention

6.4.1. Introduction
AASLD guidelines (Burra et al., 2016, Murray and Carithers Jr, 2005) and an extensive variety
of a research (Prentis et al., 2012, Lai et al., 2013, Lai et al., 2014, De Luca et al., 2015) have
described the imperative need for a structured exercise programme for patients awaiting
liver transplantation. However, this presents the need to develop an intervention that is
acceptable to both patients and healthcare professionals (HCPs) involved in delivering their

care, particularly in terms of the mode of delivery.

There are currently limited exercise programmes available for patients awaiting liver
transplantation. A plethora of research studies have focussed primarily on exercise
programmes for patients with chronic liver disease (Hallsworth et al., 2011, Debette-Gratien
et al., 2015, Roman et al., 2016, Williams et al., 2015, Zenith et al., 2014, Berzigotti et al.,
2017, Kruger et al., 2018, Nishida et al., 2017), but not specifically for patients awaiting
transplantation. Recently, it has been reported that the use of exercise training in patients
with cirrhosis has improved cardiopulmonary fitness, metabolic syndrome, hepatic venous
pressure gradient, sarcopenia and health related quality of life (Duarte-Rojo et al., 2018).
Furthermore, when surveyed, 87% of hepatologists recognised the importance of exercise
and reported routinely assessing whether patients exercised regularly, educating them about
its benefits and providing specific exercise recommendations (Duarte-Rojo et al., 2018). The
safety of exercise in patients waiting solid organ transplantation has been recently evaluated,
and while modifications should be employed, overall tailored exercise has been shown to be
safe in these patient populations (Wallen et al., 2016). Despite the recognised safety and
benefits of exercise prior to transplantation, there are no standardised recommendations on
exercise intervention whilst on the liver transplant waiting list. Barriers to acceptability of
community based programmes delivered face-to-face for patients awaiting liver
transplantation include; ill health, impractical travel times and associated costs, and
family/work obligations (Webb et al., 2019, Jones et al., 2007). This is unsurprising, as many

patients travel significant distances to their regional liver transplant centre.
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The feasibility of a home based exercise programme has recently been assessed in patients
awaiting liver transplantation (Williams et al., 2018, Williams et al., 2019) and was reported
to be acceptable to participants (n=20) and feasible to deliver. The intervention involved
resistance exercises and incremental daily step count targets that resulted in improvements
in AT and measures of functional capacity. However, the authors did not incorporate patient

views in the development of the intervention.

When evaluating potential interventions aimed at patients with significant clinical burden,
previous studies have indicated the importance of forming a collaborative relationship with
the target population (Connell et al., 2015). This is essential as it facilitates and enables
structured discussions to understand current problems, motivations for uptake/participation
and barriers and facilitators to continued engagement. This process increases the likelihood
that behaviours (in this case exercise) can be appropriately targeted by a theory and evidence-

informed intervention that can be robustly evaluated.

The overall aim of phase 2 was to develop an exercise intervention for patients who have
been wait-listed for liver transplantation. This involved a series of focus group discussions of
which findings would be combined with those from the retrospective cohort analysis to
inform key intervention decisions. It was hypothesised that patients in attendance at the
focus groups would find the idea of an exercise programme acceptable and would inform the

development of such a programme.
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6.4.2. Methods
A four stage intervention development process (Figure 6.1) was undertaken to co-design the
exercise intervention and to discuss acceptability and usability of the intervention for people

awaiting liver transplant. The developmental stages were as follows:

e Stage 1- Exploratory work (including the cohort analysis presented in section 6.2) to
characterise the lifestyle behaviours of the target population (patients assessed for
liver transplantation).

e Stage 2- Interactive focus group discussions with patients and HCPs to inform the
content of the exercise intervention

e Stage 3- Development of a prototype exercise intervention
Figure 6.3 highlights the pathway of the development of the intervention.

The aim was to develop an exercise intervention that was suitable for patients on the waiting
list for liver transplantation. It was important that the intervention could be delivered through
existing clinical pathways, potentially through a referral system during clinical appointments.
It was also important that the developed intervention would allow appropriate progressions
and regressions for patients, thereby meaning the exercises can be adapted to the needs and
capabilities of patients. The study protocol was approved by North East-Newcastle & North
Tyneside 1 Research Ethics Committee (REC reference: 16/NE/0144).
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Stage 1 Stage 2

Retrospective

Stage 3

Stage 4

Development
of a
prototype
intervention

Feasibility
and usability
assessment
of
intervention

cohort
analysis Focus group
discussions
with patients
and clinicians
Initial focus
group
discussion

Figure 6.3. Summary of the intervention development process
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6.4.2.1.  Stage 1: exploratory work
An observational study conducted in 2012 reported that pre-transplantation fitness is
associated with perioperative 90-day survival (Prentis et al., 2012). Similarly, more recent
research has indicated that poor cardiorespiratory reserve is associated with increased 1-year
mortality (Bernal et al., 2013). Our cohort analysis demonstrated that fitness levels of patients
on the active waiting list, while varied, were still generally poor compared to the standard
population. As such, it was highlighted that an exercise intervention was required to improve
fitness levels of patients pre-transplantation. Collectively, these studies emphasise the
importance of exercise and outcomes post liver transplantation. However, liver
transplantation is not associated with improvements in levels of exercise (Dharancy et al.,
2008). Currently there are no structured care pathways/interventions to target exercise in
this patient population. The cohort analysis described previously enabled a description of the

liver transplant waitlist population, including fitness levels (See section 6.2).

To complement the findings of the cohort analysis, a preliminary focus group discussion was
conducted with patients at Freeman Hospital, Newcastle upon Tyne, UK to determine
whether participation in an exercise intervention was something they would be interested in
and potentially engage with. Focus group participants were purposefully selected by a
clinician and included patients and healthcare practitioners. Specifically, patients were
selected to represent different stages of the assessment and wait-listing procedure (for
example, currently on the waiting list and having experienced time on the waiting list and
since received a liver transplant), to ensure males and females were represented and to
represent different underlying aetiologies of liver disease. Purposefully selected staff
members were identified and invited to partake with the aim of representing a range of staff
involved in the waitlisting pathway. For example, anaesthetists and/or hepatologists who
might play an executive role of making decisions with regards to the patients’ clinical care and
transplant coordinators to represent the patients’ primary point of contact with their
transplant healthcare team. Furthermore, a patient representative from LiverNorth was
invited to attend the focus group in order to have someone with experience of working with
HCPs and who was comfortable engaging with medical/research staff to help ensure that all

patients’ views were heard. The patient representative was also invited to attend due to their
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lived experience of co-producing interventions with patient and public involvement and
therefore could reflect on what had worked well in the past and how best to ensure an

intervention was developed in line with patient needs.

6.4.2.1.1. Results: focus group discussion
A purposive sample of four patients (one wait-listed and three transplant recipients) and four
clinicians, (two health psychologists, a consultant anaesthetist, a transplant coordinator, and
a representative of LiverNorth) were invited to attend a focus group. Characteristics of
attendees are described below. The primary aim of the focus group discussion was to obtain

important information to inform exercise intervention content, design and delivery.

A topic guide (appendix M) was used to guide discussion. Prompts were used to probe for
further information where required, including views on whether a home-based, community,
or hospital/clinic based exercise intervention would be more desirable and to discuss barriers
and enabling factors to participation and completion of an exercise intervention at each of
these settings. The focus group discussion was audio recorded, transcribed verbatim and

analysed using thematic analysis.

6.4.2.1.2. Characteristics of attendees of the initial focus group
A purposive sample of patients were invited to attend the focus group discussion based on

transplant status (e.g., waitlisted, transplanted) and underlying liver disease aetiology. This
was the primary criteria for purposive sampling, so that representation of a range of patients
who may receive this intervention was achieved. Similarly, sampling attendees based on
transplant status meant that current patients’ needs could be considered, as well the views
of patients who could reflect on the entire time that they had spent on the transplant waiting
list. Four patients attended, three of which were male, within an age range of 50-62 years.
One patient was on the active waiting list at the time of the focus group, and the other three
had previously received a liver transplant. Of those who had received a liver transplant, two

were in receipt less than 10 years ago, and the other >20 years ago.

Members of staff in attendance at the focus group comprised of a transplant coordinator, two

health psychologists, a consultant anaesthetist and a patient representative from Liver North.
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Following thematic analyses of the data obtained from the initial focus group, seven themes

were generated, as summarised below in Table 6.2.

Table 6.2. Themes and sub-themes obtained from thematic analysis of focus group discussion.

Theme/ sub-theme

Supporting quotes

Patients

Information about the importance of
exercise in relation to my liver transplant
would motivate me to engage in an exercise

intervention

“Information would actually probably

encourage me, I'm still thinking about
buying a bike to do some exercise because |

cannot run”

| feel/felt capable of undertaking exercise

while on the active waiting list

“I did about 7,000 [steps] this morning”

“I walk on the beach, like | say”

“See at the minute, the thing | do, | work still
and it's a very physical job | do so I'm very

active all the time really”

Safety is important to me when undertaking

exercise

“[l could] try it at home and say, "I think I'd
like someone watching over me,"... I'm

frightened of falling.”

“I think it feels safer if you're with someone

watching you.”

Social support is a significant motivator to

maintain adherence to an exercise

intervention

“When people do things in groups, | think it
gives them more support and | think they do

more”

“If you could do it together, it might have be

better”

“It's a social thing as well.”

HCPs
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It is important to have an exercise

intervention that can be individualised

“We have a lot of patients with a lot of
variance so we have some people that are
really, really quite fit and quite well and then
we have, equally, some people that are
really struggling a little bit and who struggle

to do normal things like make a cup of tea”

Patients should be able to do the exercises

anywhere

“It needs to be local to where you are”

“[It could be] home, hospital or community”

“So you could maybe take what's given to

you to a leisure centre and do it there”

“So could we do you get the opportunity to
say you can do this at home if you wanted or
you could go to a gym to do it supervised and
we could get you in to do that. Then that
gives the individual choice about whether
they want to do it at home, whether they

want to do it in the community”

Difficulty accessing a central location to
attend training session could be a barrier to

uptake

“It's only once every six months | come here,

the appointments are split between

Middlesbrough and here... It's a bit far to

come”

Patients

Information about the importance of exercise in relation to my liver transplant would

motivate me to engage in an exercise intervention

Patients reported being motivated to participate in an exercise intervention:

“I think it's a great idea but | think you've got to look at resources and be realistic”
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Information or education about the importance of preoperative fitness was reported to be a

motivating factor to participation (i.e. the role that it played in the liver transplant process):

“In my mind after [being put on the waiting list] was, "I've got to stay like this. | can't
afford to drop back and get sick in some other way where | would not be any longer on

the list or ready for a transplant.”

Prior to the focus groups, not all patients were aware of the importance of preoperative
fitness and this information provided an incentive for these individuals to increase their
fitness. Patients who were previously liver transplant recipients reported feeling that exercise

while on the waiting list would have been well received once they knew the benefits.

| feel/felt capable of undertaking exercise while on the active waiting list

Liver transplant recipients reported feeling capable of undertaking light exercise for the vast
majority of the time spent on the waiting list. This was the consensus among recipients and

those listed at the time of the focus group:
“It would have been brilliant...to have this when | was waiting for [my transplant]”

“Before my transplant, | did no activities whatsoever [then] the transplant coordinator
came and said, ‘Can you do volley ball?’...and by doing that, | started playing volley
ball, doing 5k and 10k walks”

Safety is important when undertaking exercise

All patients in the group reported being aware of their own limitations with regards to

exercise, but were motivated to improve, or at least maintain their current fitness levels:
“[1] want to maintain that level of fitness”

However, patients were also cautious about exercising alone or at home mainly due to
concern about not being able to motivate themselves or performing the exercises correctly

and/or safely:
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“You're supervised, you're shown how to do that [exercise]... Show that you're sdfe,

show that you can do it and then over to the home based element”

Social support is a significant motivator to maintain adherence to an exercise intervention

Safety issues were of concern to the majority of patients, therefore the consensus was that
an intervention may be more acceptable in a community-based setting, with the support of
others in the same or similar situation. This was reported to be more motivating. Patients also
reported that the time spent on the waitlist was a difficult time, with multiple patients
reporting feelings of anxiety and guilt, pre- and post-transplant. Despite that, an exercise
intervention would still be well received due to the potential benefits such as improved
preoperative fitness, functional fitness and stability, and patients reported being motivated

to have community-based exercises to ensure ongoing participation:

“If you've got somebody encouraging you... You always need somebody to just give

you that little extra push”

Health Care Professionals
It is important to have an exercise intervention that can be individualised

Participating healthcare professionals provided valuable insights regarding the mode of
delivery and content of an exercise intervention for liver transplant patients. In terms of
content, they reported the wide range of variance in the disease state and therefore
emphasised the importance of having varied content that can be widely applied to a range of
patients. Specifically, it was reported that the patients with encephalopathy may not be stable
on their feet and therefore recommended floor/chair-based exercises for those patients,

particularly if they wanted to exercise at home:

“People whose minds are a bit foggy just because of their liver disease... maybe they

need to do more floor based exercise so we're not going to have them falling over”
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This helped to inform the safety of the intervention, i.e., further safety measures were
recommended (e.g., safety mats and having someone with patients at all times while

completing exercise and the availability of chair based exercises).

Additionally, the HCPs felt that an exercise intervention that could be extended (in terms of
time) would be beneficial, as patients have commented previously that they felt ‘kicked out’
of previous interventions after a specified number of weeks, where there was no possibility

of extending the timescale:

“I've done a lot of these group work sessions with patient across the hospital and
everyone says that they go along to these things for twelve weeks and then they feel

like they're kicked out and they've got nowhere to go after that”

Overall, clinicians emphasised the need for a flexible intervention, both in terms of content
and mode of delivery. The participation of the clinicians and health care professionals was
essential in terms of informing the type of exercise to be considered, such as a floor based as

well as mode and frequency of delivery.

This led to the idea that this could help build rapport between the patients and their

companions that could facilitate social support:

“It builds up that whole rapport, doesn't it, | think, that you're helping someone else,

the buddy system”

Patients should be able to do the exercises anywhere

Clinicians suggested that an intervention that could be taken to different locations would be
beneficial, for example- an intervention that could be used at home and at a community

centre:

“I think the local council could support in leisure centres” and “you could maybe take

what's given to you to a leisure centre and do it there”

“You can do this at home if you wanted or you could go to a gym to do it supervised
and we could get you in to do that. Then that gives the individual choice about whether

they want to do it at home, whether they want to do it in the community”
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This suggestion further emphasised the need for a versatile intervention, that could be
tailored to individual needs, with the understanding that some patients may not be as fit or
as motivated as others. For example, some patients may benefit more from visiting a

community leisure centre where additional help and support is available.

Difficulty accessing a central location to attend a training session could be a barrier to

uptake

Clinicians did not think it would be feasible to see every patient weekly to monitor their
progress with the intervention or to host the vast majority of the intervention at a central
location, such as the hospital. They highlighted that the patients often came from a wide
geographical area and it wouldn’t be feasible for them to attend hospital weekly due to large

travel commitments:

“That's what we've got to think about because we are a tertiary referral centre, we go
all the way to Whitehaven, all the way up to Berwick and all the way down past

Middlesbrough and Northallerton... It’s a lot to commit to”

However, they felt that a single training session would be useful to host at a central location,

to ensure everyone could attend to provide demonstrations.

6.4.2.1.3. Conclusions of exploratory work
The findings of the exploratory work (i.e. the cohort analysis) highlighted a physiological need
to improve preoperative fitness, and the initial focus group discussion provided evidence that
patients were interested in taking part in an exercise intervention while on the waiting list.
Furthermore, the focus group was important for informing the mode of delivery and specific
intervention content (e.g., materials required), that patients felt were necessary to enable
them to engage. They emphasised the need for exercise demonstrations and support to
acquire the skills to complete them independently. As such, an initial training session was
considered important to familiarise patients with the range of exercises offered, their

purpose, and how to conduct them safely. Patients reported doubting their own ability to
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recall the exact exercises and requested that information was made available throughout the

intervention with prompts about the different exercises to perform.

The primary motivation reported by patients for wanting to take part was the opportunity to
complete an exercise intervention that was specifically tailored towards them as individuals,
and advocated by clinicians. This was primarily for safety reasons, as all patients reported a
fear of falling or injuring themselves, possibly while exercising alone, and as such unable to
ask for help. This finding was important for highlighting a need to address poor stability, and
for the development of an intervention that was diverse and capable of addressing a wide

range of symptomatic patients.

The findings of the focus group also highlighted high levels of self-reported depression and
anxiety in patients assessed for eligibility for wait-listing, potentially meaning motivation and
adherence could be a challenge when compared with ‘healthy’ populations. Patients raised
the issue of being anxious about exercising, particularly when this is not something they
regularly engage in. As such it was considered vitally important to develop a rapport with
patients to build a trusting relationship, whilst maintaining a supportive, encouraging and
friendly environment. Although, this also presents an area where patient education may be
lacking. Patients should be encouraged to remain as active as possible as this has consistently
been shown to improve symptoms of depression (Mead et al., 2008, North et al., 1990, Craft
and Landers, 1998, De Moor et al., 2006).

6.4.2.2.  Stage 2: second focus group
The preliminary focus group was essential for exploring and subsequently confirming
patients’ motivations for taking part in an exercise intervention. However, a greater
understanding of the barriers and enabling factors was required to develop an intervention
that would appeal to, and benefit, a diverse range of patients. Additionally, further
information was required from patients about the type of exercises they felt capable of

completing.

To explore this further, a second, more in-depth focus group discussion was undertaken. The
aim of this focus group was to explore patients’ experiences and attitudes towards

community based/home based exercise interventions, training sessions and the role of
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technology, the use of exercise diaries and goal setting, with the overall aim to understand

how to maximise uptake, engagement and adherence for maximal benefit.

6.4.2.2.1. Second focus group
A purposive sample of participants were invited to attend a focus group discussion to explore
preconceived barriers and facilitators towards uptake, adherence and engagement with the
intervention and associated materials and suggestions for delivery. Participants included a
transplant coordinator, a LiverNorth representative, an anaesthetist, two health
psychologists, four patients (one who was waitlisted and three who were transplant
recipients) and the partner of a patient. The focus group took place at the Freeman Hospital,

Newcastle upon Tyne.

A topic guide (appendix M) was used to guide discussion and prompts to explore confidence
and safety around performing the exercises. The views of healthcare professionals and the
LiverNorth representative were also sought to understand any barriers and enablers to
delivery of the intervention from a clinical perspective. The timescale of the intervention was
also discussed, and the use of technology to support the intervention (e.g., for self-monitoring
of exercise, information provision etc). The focus group was audio recorded and transcribed

verbatim.

Characteristics of focus group participants

Patients were approached to take part in the focus group discussion sampled in terms of
where they were in the transplantation process (e.g., listed, transplanted). Four patients
attended, three of which were male, age range of 50-62 years. One patient was on the active
waiting list at the time of the focus group, and the other three had previously received a liver
transplant. Of those who had received a liver transplant, two had their surgery less than 10

years ago, and the other >20 years ago. One patient was accompanied by their partner.

Members of staff in attendance included a transplant coordinator, two health psychologists,
a consultant anaesthetist and a representative from LiverNorth. Three members of staff were

female and two male.

219



6.4.2.2.2.

Key findings of the second focus group

Following thematic analyses of the data obtained from the second focus group, four themes

and one sub-theme were generated, as described below.

Table 6.3. Themes derived from the second focus group

Theme/ sub-theme

Supporting quotes

A detailed description of the exercise
intervention is required to allow patients to
make an informed decision about taking

part

“It depends what kind of exercise you're

talking about”

“How long you want to do it - Is it ten

minutes, fifteen minutes a day?”

“What to expect afterwards”

Safety procedures act as motivators to take

part in an exercise intervention

A guided training session would act as a

motivator to uptake and adherence

“I think what I've seen with the
encephalopathic group... We've got to be
very careful about how we do it. Now, that
doesn't mean we can't do it at home but
maybe they need to do more floor based
exercise so we're not going to have them

falling over”

“We have to be careful. | think... put mats
around, one the floor, someone with us,

that’s what | was [thinking]”

“I’d want to be shown [the exercises] in

person | would say”
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“It's very difficult | think from videos and
from paper diagrams to work out [what to

do]//

“If you do it in person as well with
somebody there, you can actually see

whether you can do it”

“Yes, a physio could show us exercises

initially. | mean who better”

Social and financial support would act as a

facilitator to adherence

“A telephone call to see how you're getting
on, if you've got any concerns or issues or
just to tell you how wonderful you've been at
doing these exercises... just give me more
please because it's the best thing since sliced

bread.”

“I think the local council could support in
leisure centres... So | don't have to join and

pay £40 a month or something.”

Setting goals/targets and establishing
coping strategies would motivate patients to

adhere to the intervention

“Someone may not be feeling great in one
week and then think, "I can't go this week. I'll
see how | feel next week," but that's okay
too. You've just got to prepare for things like
that and prepare the system if you like, the
service for something like that. Then it's
doable... You know you're still welcome to go

back the following week”

A detailed description of the exercise intervention is required to allow patients to make an

informed decision about taking part
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When asked about what kind of information would be required to motivate patients to
engage with the intervention, responses were linked to the type of exercise to be undertaken,
expected amount of exercise to derive benefits to fitness post-transplant recovery, and

potential implications on their liver disease, pre-transplant health and wellbeing:

“Is it something you do yourself or is somebody going to come to the house and assist

you with jt?”

Safety procedures act as motivators to take part in an exercise intervention

None of the patients taking part in the focus groups had participated in any sort of exercise
intervention before, however the most important information, unanimously amongst all

patients was that regarding their safety.
“So safety advice, put mats around”

“You would have to be supervised to be doing the exercise. So that would mean that a
family member would have to spend time with them whilst they were doing that but

there's no reason why the family member couldn't join in”

A guided training session would act as a motivator to uptake an adherence

With safety in mind and increasing the likelihood of adherence, patients were motivated by
the prospect of an initial guided group-based training session. Patients reported that they
would feel more comfortable performing the required exercises away from a clinical setting
following a guided training session where they could be shown how to perform exercises and
given information on how to perform the exercises safely and to a satisfactory level for

maximal benefit.
“Yes, a physio could show us exercises initially. | mean, who better?”.
All patients in attendance agreed that they would feel most comfortable exercising with a

partner, using a ‘buddy system’ or completing exercises in a community setting:
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“You could be maybe training with somebody else who's had the same operation, like

a liver transplant”.
“You can work with each other, help each other, maybe get a bit fitter”.

While patients agreed that they would prefer to have group-based sessions weekly within a
clinical setting, they felt that a significant travelling commitment would be difficult to
maintain for the duration of the intervention. Patients responded positively to the idea of a
flexible programme that they could take with them to a local leisure or community centre,

but were also keen to be able to exercise at home if required.

Social and financial support would act as a facilitator to adherence

The possibility of family members joining in with the exercises was discussed and considered
to be a facilitator to adherence. The LiverNorth representative reported that some
community/leisure centres offered discounted membership rates for post-transplant patients
to exercise — the same offer may be available to pre-transplant patients, thereby providing an

inexpensive means of exercising in the community.

When asked about the type of support that would facilitate adherence and uptake to the
intervention, patients suggested that psychological and financial support to facilitate

potential travel costs may be needed, as well as the provision of suitable equipment.

“Ranging from psychological to even the [provision of] equipment” and “financial”

Setting goals/targets and establishing coping strategies would motivate patients to adhere

to the intervention

Focus group participants reported being motivated by monitoring progression or having
personalised targets. They also reported an interest in a second CPET upon completion of the

intervention.

“You quite like the idea of having almost a start and an end to see how far you've

come”
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Patients were open minded and flexible about the duration of the intervention, but
emphasised a greater need for flexibility in terms of how much exercise would be expected

per week, and the need for potential adjustments depending on their liver related health.

“That could be part of the coping plan, if I'm not feeling well then I'll do extra next

week or something like that”

In general, setting goals and monitoring progress by keeping an exercise diary was suggested
as a suitable means for maintaining compliance and adherence. Patients were keen to use
technology to do this. The majority of patients in attendance reported already using
technology to monitor their physical activity (i.e. step count per day) using pedometers or

activity trackers:

“On the health app on my phone, it keeps your blood pressure, your heart rate or
whatever. If this could be modified to say keep an eye on you, more specific needs or
whatever, keeping an eye on you to say something's wrong here, your blood pressure

has changed... then you could keep track of me”

6.4.2.2.3. Conclusions from the second focus group
The aim of the second focus group discussion was to identify barriers and enabling factors to
uptake and adherence to an exercise intervention and to better understand how to make the
intervention accessible and feasible to deliver. The findings were essential in order to shape
the intervention in terms of content and mode of delivery. Flexibility of the intervention was
one of the most salient findings in terms of location and content of the intervention. For
example, patients reported to be motivated to complete an exercise intervention at home
and/or at a community leisure centre, following an initial guided training session to
demonstrate exercises to ensure safety when performing the exercises independently. This
approach was reported by patients to increase the likelihood of adherence to the
intervention. Patients commented on the differences between themselves and others in
terms of fitness, while on the waiting list. As such, they highlighted the need for an
intervention that can be individualised depending on each person’s needs. Therefore the
need for a diverse intervention was emphasised, with possible regressions and progressions

available for each patient. Patients were keen to adhere to the intervention for maximal
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benefit and therefore reported that goal setting and inclusion of exercise diaries would be

beneficial to monitor themselves throughout the intervention.

6.4.2.2.4. Development of alpha prototype intervention
The findings from the second focus group provided an initial indication of the form and
content of the alpha prototype intervention. In terms of content, the following section
describes the agreed elements to be included, the proposed pathway of the intervention and
the proposed mode of delivery. While the immediate goal of the intervention was to improve
cardiorespiratory fitness in order improve post-operative prognosis and reduce perioperative
risk, exercises to improve strength and balance were also included. The reasons for this were
largely to increase patient uptake and engagement, with the hopes of offering a more
personalised intervention more in line with patient preference. While the inclusion of balance
related exercises, for example, likely won’t directly improve cardiorespiratory fitness, it was
hoped that the inclusion of exercises that might be more appealing or tolerable to patients
would serve to increase prolonged engagement. Accordingly, it was therefore hoped that
good engagement with the intervention might serve to increase the PA of patients which has
health benefits in itself (previously discussed in Chapters 1 and 5). In order to ensure that
patients engage in the more ‘beneficial’ exercises to improve post-operative prognosis and
reduce perioperative risk (cardiorespiratory), the amount of cardiorespiratory exercises must
outweigh the prescribed strength and balance related exercises. Overall, it was hoped that a
more personalised intervention would serve to increase initial and prolonged engagement,
and might potentially serve to give patients more confidence to try other exercises which they

might not have previously considered, such as more cardiorespiratory based exercises.
Exercises

Exercises were categorised into cardiorespiratory, strength and balance exercises, namely
‘stamina, strength and stability’ for presentation to patients and can be seen in greater detail

in appendix N. However, briefly, these were:
e Cardiorespiratory exercises.

Results from the cohort analysis (section 6.2) indicated a relatively low level of
cardiorespiratory fitness (when defined using anaerobic threshold and VO2peak) and therefore

it was considered of significant important to have elements of the intervention that could
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help increase, or prevent a decline, in cardiorespiratory fitness levels. Furthermore, given that
modern literature (Prentis et al., 2012) strongly associates cardiorespiratory fitness levels as
an indicator of post-operative survival, this further corroborated the need for a
cardiorespiratory element. Within the focus groups, a salient theme for motivation to adhere
was the utilisation of goals or the potential use of a ‘before and after’ measurement of fitness
and strength. Patients further suggested that they would be keen to increase their current
levels of fitness and subsequently would like a cardiorespiratory element within the exercise

intervention.

e Strength (body weight based exercises or exercises using very light weights, such as

tins of beans or small water bottles) exercises.

While no global measures of strength were reported within the cohort analysis, pre-
transplant cohorts typically have a large proportion of patients with sarcopenia. Our cohort
presented with reduced grip strength indicative of an increased risk of all-cause death,
cardiovascular death, cardiovascular disease (Leong et al., 2015), increased severity of liver
disease (Johnson et al., 2013) and functional decline (Lai et al., 2016). Therefore, given the
strong association between sarcopenia, reduction in grip strength and post liver
transplantation mortality, it was considered to be of great importance to incorporate an
element of resistance exercise or ‘strength’ exercises (Englesbe et al., 2010) in order to reduce
excessive muscle wasting (Clark et al., 2016). Furthermore, thematic analysis of data derived
from the focus groups suggested that patients would like a flexible intervention that could be
undertaken in most settings. Resistance exercises are easily modified to not be dependent on
expensive or difficult to access equipment. Additionally, for patients who reported concerns
about potential lack of safety due to a fall risk, resistance exercises are largely adapTable to

chair-based positions, thereby reducing this risk.
e Balance exercises.

Data derived from the focus groups suggested that patients may consider themselves to be
at a greater fall risk compared to a ‘healthy’ population. HCPs in attendance at the focus
groups further corroborated that this group of patients are likely to be less stable, and as such
be at a greater fall risk. Therefore, an element of stability and balance exercises were

considered to be an important aspect of the exercise intervention. Balance exercises are also
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easily modifiable to be undertaken in most settings, and are largely not dependent on the
availability of specialised equipment. Furthermore, balance/stability training has been shown
to be beneficial and safe in patients awaiting solid organ transplantation (Mathur et al., 2009).
Within the focus groups, patients reported being limited when attempting to complete
activities of daily living due to limitations in their balance and stability, and improvements in
the ability to complete activities of daily living were reported as being a potential goal as an

outcome from the exercise intervention.
Pathway of intervention and mode of delivery

In order to meet the criteria of a ‘personalised intervention’, following an initial consultation
with the patients and evaluation of the baseline physiological needs, a range of exercises from
all three categories would be available for the patient to partake in, individualised to meet
their needs and goals. As findings from the focus groups suggested, during the initial
consultation, specific, measurable, achievable, relevant and time-based (SMART) goals would
be set following discussion between the patient and the member of staff supervising the
exercise intervention, in order to devise manageable and motivational goals. Following
feedback from the focus groups, in order to facilitate uptake to the exercise intervention, a
single guided training session is proposed. At this training session the patient would be shown
how to safely perform the relevant exercises and would be given the opportunity to record
the instruction for themselves, which could be used as a resource throughout the
intervention. Additionally, paper-based resources with information on each exercise would
be provided. Patients would be given paper diaries, or the option of completing them on a
computer and emailing them to a member of the research team, to allow for monitoring
progress and receipt of feedback. Weekly telephone calls were included to maximise
compliance and adherence, and to allow monitored progressions or regressions of exercises

to be made at timely intervals throughout the intervention.

The specific intervention was further refined upon completion of a third focus group, where
the alpha intervention was presented to participants to allow for further feedback in stage 3

of the development process.
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6.4.2.3.  Stage 3: presentation of alpha prototype intervention
The third, and final focus group discussion was conducted to present the alpha prototype
intervention to patients from focus groups one and two and to obtain feedback. All
participants were given a paper handbook depicting the intervention and other patient facing
materials that would be provided at commencement of the intervention (appendix N). As an
adjunct, all participants were given the opportunity to have the planned outline of the
intervention delivered to them with supplementary video demonstrations of the proposed

exercises. Participant characteristics are described below.

Upon presentation of the alpha prototype, patients were satisfied that their views and
suggestions provided during focus groups one and two had been incorporated in to the
intervention. Minimal changes were recommended by participants (i.e., patients and
clinicians). Suggested changes included the need to incorporate an online element where
patients could access videos of exercises being performed correctly, with regressions and
progressions available and to have the option of engaging in group exercise classes, despite
this being a home-based exercise programme. Patients indicated that online classes could be

a useful component if available.

Given the largely positive feedback from the third focus group, the intervention was subject
to small refinements and was considered to be developed in line with patient needs,

preferences, capabilities and interests.

Characteristics of attendees of the final focus group

The same purposive sample of patients from the previous focus groups were invited to attend
the final focus group, based on where they were on the transplantation process. Three
patients attended, all of whom were male, within an age range of 52-62 years. One patient
was on the active waiting list at the time of the focus group, another had previously received
a liver transplant and the other was in process of being assessed for suitability for the
transplantation waiting list. The patient who had received a liver transplant had received >20

years ago.
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Members of staff in attendance at the focus group comprised of two health psychologists, a
consultant anaesthetist and a psychology undergraduate student. Of the members of staff in

attendance, there were three females and one male, within an age range of 21-45 years.
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6.4.3. The intervention development process
The exercise intervention was developed as a result of the findings from three focus group
discussions and informed by the cohort analysis. The intervention delivery plan is summarised

in Figure 6.4.

* Patient and HCP discuss feasible behavioural goals and any potential facilitators/
barriers to engaging in some exercises

Consultation | Set SMART goals

* Select from tailored strength, cardiopulmonary and stability exercises
¢ Establish ‘prescription’ of exercises in terms of reps or time spent on each exercise

* Attend training session where patients are guided through their exercises and given
opportunity to take videos/ notes or ask questions

Establishment of

intervention

*» Weekly telephone calls with HCP alongside keeping exercise diary
* Progress/ regress exercises after weekly review as appropriate

» Can partake in intervention either at home or in community based leisure center,

Commencement . o .
depending on individuals choice

of intervention

Figure 6.4. Brief outline of developed intervention

6.4.3.1.  Consultation
The initial phase of the intervention would involve a primary consultation between patients,
any invited friends/family members and the member of staff leading the intervention. The
aim of the consultation is to discuss, establish and set SMART goals to work towards
throughout the intervention, as well as discuss practical arrangements for taking part. For
example, where the patient might feel most comfortable undertaking the exercises, potential
space limitations, friends and family who may assist and barriers including time or work

constraints.
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6.4.3.2.  Establishment of intervention
As described in the above flow chart, the establishment of the intervention comprises of the
‘prescription’ of the exercises, in terms of exercises to be completed, reps performed or time
spent engaging in the exercise. Following on from the consultation, and taking in to account
practical limitations, current levels of fitness and patient goals, a range of strength,
cardiopulmonary and stability related exercises are discussed with the patient. The
retrospective cohort analysis described a cohort of patients with a wide range of
comorbidities to be accommodated, and highlighted the inability of some patients to
undertake the CPET, and highlighted the high fall risk of this population. Furthermore, the
prevalence of liver disease related complications (varices, ascites and encephalopathy)
further corroborate findings from the focus groups in terms of the need for modified exercises
to individualise the exercise intervention to be accessible to the vast majority of patients. The
member of staff leading the intervention and the patient then decide which exercises are
suitable and a schedule of how many repetitions and how many training sessions each week
is agreed. SMART goals are used in order to devise realistic, manageable and measurable

targets for the patient.

Specific exercise prescription would be informed largely by the CPET, where applicable, and
data generated as part of the transplant assessment process. For example, VOzpeak and AT
would be used to inform each individuals’ potentially maximum exercise and functional
capacity. Further exercise prescription would be informed in line with the exercise
prescription guidelines as recommended by the American College of Sports Medicine (ACSM)
(Swain et al., 2014). For example, for cardiorespiratory exercises, exercises would aim to work
at between 60-70% of the patients maximum VOgzpeak as determined by the initial CPET. To
make the intervention widely applicable to all patients, without the need to invest in and
educate on the use of heart rate monitors, rate of perceived exertion (RPE) would be used as
a surrogate of exercise intensity (Shigematsu et al., 2004). Furthermore, the conversion of
VO; to the metabolic equivalent of task (MET), whereby 1 MET is the approximate equivalent
to 3.5 ml/kg/min, would be used to inform exercise intensity. To give a specific example, if a
patient had achieved a VOgpeak of 15 ml/kg/min at their transplant assessment CPET, 60-70%
of this would indicate a target VOjpeak of 9-10.5 ml/kg/min, which is the equivalent to 2.6-3

METs. This would then correspond to a slow-moderately paced walk or slow stair climbing.
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The frequency and time spent engaging in the exercise would be titrated to each individuals
needs over the first week or so of the intervention, and specific clinical parameters (such as
the presence of ascites, varices or history of hepatic encephalopathy) would inform the
specific type of exercise that might be suitable for each individuals. Specifically, someone with
hepatic encephalopathy may be restricted to chair based exercises to minimise fall risk, while
those with the presence of ascites or varices may be restricted from doing exercises where
they must lay down or have specific engagement through their abdominal muscles, in order
to reduce discomfort and maximise exercise tolerability (Tandon et al., 2018). If patients had
not been able to partake in the CPET, they would be given an opportunity to experiment with
various exercises under supervision in order to better understand their exercise capacity to

inform the exercise prescription.

Subsequently, patients have the option to attend a guided training session, either in person
or online using video call software. The purpose of this session would be to demonstrate the
correct way to perform the exercises, where the patient is given the opportunity to try the
exercises and receive feedback. The patient would also be able to take notes, record any

useful footage and discuss potential progressions and regressions of the exercises.

6.4.3.3.  Commencement of intervention
Following the initial training session, patients would have support available, in the form of
weekly telephone calls from a member of staff running the exercise intervention. Consenting
patients would be grouped into support groups, where they could support one another, in
terms of providing motivation to adhere to the exercise intervention, or simply provide
emotional support throughout the wait-listing procedure. During weekly reviews, patients are
given the option of progressing or regressing their exercises. Additionally, patients are
encouraged to maintain an exercise diary, in order to keep track of their progress and

facilitate feedback provision during telephone calls.

While patients’ baseline CPET would serve as the primary entry assessment, it is anticipated
that there will be no formal exit assessments of the intervention as it is likely patients will
likely finish partaking in the intervention due to receiving a liver transplant. Indeed, other
prehabilitation studies in people awaiting liver transplantation have experienced a large
portion of people unable to attend or complete exit assessments due to the availability of a
donor liver at short notice (Williams et al., 2019). However, patients were keen to potentially
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partake in another CPET, and HCPs in attendance at the focus group supported the idea of
scheduling another CPET at 12 weeks from starting the programme. Therefore, it is
anticipated that another CPET would be scheduled at 12 weeks, and this could feed into
clinical care to provide an updated report of patients functional capacity, however, the
variable time spent on the waiting list means that it is probable a large proportion of patients

will not be able to attend the second CPET.

Delivery of the intervention

Attendees at the focus groups particularly advocated the use of a multidisciplinary team to
deliver the intervention. The transplant coordinator in attendance voiced that their pre-
existing workload would not enable them to deliver and manage the intervention, and
patients in particular advocated the use of physiotherapists or exercise physiologists to lead
the training sessions, establish suitable exercise prescriptions and progress/regress the
exercises as required. Importantly, this person delivering the intervention would be the
point on contact and enable a rapport to be built between the patient and staff member
delivering the intervention. Patients expressed concerns about safety and therefore
expressed the need to have someone knowledgeable about exercise and physical activity,
but also aware of the limitations imposed by the clinical complications of their liver disease
and associated comorbidities. The transplant coordinator and anaesthetist in attendance
felt that it would be acceptable within their existing roles to refer people to the programme,
and both said they would be motivated to be available to provide any medical guidance or
advice required. It is therefore likely that a specialised member of staff would be employed
to manage the intervention in order to not place extra demands on the time of existing
HCPs and ensure that the intervention was lead with someone whose expertise are in the

realm of physiotherapy or exercise physiology.

6.4.3.4.  Patient facing materials
Appendix N provides a draft of the booklet patients would receive upon commencing the
intervention. This booklet contains sections in which patients can record goals, and make
notes from the training workshop. Patients would also receive video recordings of the

exercises being performed, which include safety tips, progressions and regressions.
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6.4.3.5.  Individualisation of the intervention
An important topic discussed during the focus groups was the need for personalisation. This
was further supported by the retrospective cohort analysis, which indicated a wide range of
functional capacities within the target clinical cohort. The range of fitness within the cohort
is largely due to the varying indications for transplantation, as well as differing comorbidities,
levels of frailty and age. For this reason it was essential to develop an intervention that
includes exercises with available progressions/regressions to be appropriate to a range of

patients with varying capabilities.

6.4.4. Discussion

6.4.4.1.  Development of the exercise intervention
The focus group discussions were essential for informing the development of the exercise
intervention. They provided information that was essential for informing predictors of uptake
(i.e. motivations) and for conceptualising the structure, specific content and mode of delivery.
For example, findings further evidenced the need for a flexible, individualised intervention
that could be easily adapted to a home-based intervention or an intervention for

delivery/completion in a community setting.

While previous exercise programmes have been identified as safe for completion by patients
with liver disease, there is limited data reporting on the feasibility, usability and acceptability
in a cohort of patients who are on the waiting list (Williams et al., 2019). A published protocol
(Williams et al., 2018) reports that patients who have taken part in a home based exercise
programme will be invited to take part in a process evaluation focus group that will provide

feedback on a series of research questions. However, these data have not been published.

While 18 patients were recruited into the aforementioned feasibility study, only 12 were
assessed at 6 weeks and 9 at 12 weeks follow-up. The main reason reported for withdrawal
was removal from the waiting list due to a receiving a liver transplant. This means that the
study was likely not powered to detect statistical significance when assessing changes in
quality of life and functional capacity. However, it does provide further insight into the
number of patients that should be a target for recruitment in future studies. Similarly, findings

also indicate that patients should be recruited at the soonest possible convenience onto
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exercise interventions to increase the likelihood of completion of the intervention in order to
fully ascertain the potential benefits of the intervention. This presents a real world challenge
where it is likely that many patients would not complete an exercise intervention in a clinical
setting due to the unpredictable nature of how long an individual will spend on the waiting
list. This supports data obtained during focus group discussions reinforcing that an exercise
intervention should be highly individualised and based on patient goals and clinical outcome
data. Combined with the data obtained from the Williams et al. feasibility study, the data
from focus group discussions and the retrospective cohort analysis provides a basis for
evaluating the feasibility of delivering the exercise intervention and undertake exploratory
analyses on the impact on functional capacity of patients on the liver transplantation waiting

list.

Going forward, further work is required. Specifically, establishing the practicality of
embedding this intervention into current clinical pathways, assessing the feasibility of
recruiting to this programme and assessing the fidelity of delivery. Furthermore, more specific
information should be collected to inform the exact nature of staffing needs through more
focus groups. A small scale feasibility study would serve to inform about the practicality of
delivering the intervention and monitoring engagement and adherence. Should this
intervention prove to be feasible to recruit to and show good engagement throughout, this
could serve to inform about the staffing needs and pragmatic considerations required to scale

this up to a functioning clinical service within the Freeman Hospital.

6.4.4.2. Limitations
There are limitations to this work that should be acknowledged. With regards to the cohort
analysis, the data used was sourced from a single centre, with all data recorded from patients
assessed at the Freeman Hospital, Newcastle upon Tyne, UK. While this facilitated an in-depth
analysis of information, the data collected portrays patients from predominantly the North
East of England, although a minority did travel from outside of the North East region. All data
were acquired through the analysis of TAM reports, therefore it is plausible that a small
proportion of information may have been overlooked. It is difficult to accurately report on
patient’s pre-transplant lifestyles in the absence of objective measures of lifestyle behaviours
such as PA/exercise and dietary intake that would have provided a more accurate insight. Due

to the high number of patients unable to start the CPET, the AT scores for each sub-group do
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not reflect the full fitness of the assessed cohort of patients and this is a limitation of the study

where the mean fitness in the non-listed group is likely much lower than reported.

A primary limitation is the lack of sample diversity within the three focus group discussions
that were conducted to obtain the views of patients and HCPs. Patients were purposively
sampled based on where they were on the transplant pathway, and therefore not purposively
sampled to achieve diversity in terms of age, gender and ethnicity. For example, all patients
in attendance were white, only one participant was female and most were of a similar age
(50-62 years). Future studies should aim to explore the views of a more representative sample
in terms of gender and ethnicity to gain a more representative understanding of potential
facilitators and barriers to adherence and motivators to uptake. Similarly, the views of
patients from a wider age range should be explored, as well as views from patients with a
broader range of fitness and underlying aetiologies/indications for transplantation and more
information should be obtained relating the delivery of the intervention. Furthermore, the
inclusion of patients from a single centre in the North East of England may confer some

geographical bias.

While the intervention developed incorporated the views of patients transplanted, listed for
transplant and clinicians responsible for patient care, the acceptability and feasibility of the
intervention requires formal assessment to establish whether the it is fit for purpose (i.e.

whether it is both acceptable to patients and clinicians and feasible to deliver).

6.4.5. Conclusions
Subsequent to successful listing, the data obtained from the cohort analysis and the focus
group discussions indicate that patients who are on the waiting list often have sub-optimal
fitness and would benefit from an exercise intervention. Data generated by the focus group
discussions suggest that with appropriate information outlining the benefits of exercise,
patients would be motivated and willing to take part in a personalised exercise intervention.
Importantly, the feedback obtained from HCPs suggests that it could be feasible to deliver

this intervention, however, further research is required to explore this further.
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7. Chapter 7: General Discussion
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7.1.Summary
The research presented in this thesis examined the potential for lifestyle interventions as
therapy in liver disease. Specifically, it explored the feasibility and acceptability of an
800kcal/day VLCD to achieve sustained significant weight loss in patients with NAFLD, as well
as the development of an exercise programme targeted towards patients on the liver
transplantation waiting list. This Chapter will consider and collate the findings of experimental
Chapters 3 to 5, the impact of these findings on clinical practice and how this relates to the
current literature regarding lifestyle treatments within NAFLD populations. Furthermore this
Chapter will consider the impact of the clinical findings in Chapter 6 and how these can be
applied to clinical practise. Finally, this Chapter will describe future research directions that

this thesis highlights.

7.2. Acceptability and feasibility of a VLCD to achieve significant sustained weight loss in
patients with NAFLD

The data presented in Chapter 3 is, to the best of our knowledge, the first of its kind to report
on a VLCD in a cohort of patients with NAFLD. While previous research has reported the
efficacy of a VLCD intervention within cohorts that incidentally may have had patients with
NAFLD (Lean et al., 2019, Jebb et al., 2017), the impact that a VLCD may have specifically on
NAFLD had not previously been assessed. Prior to the data presented in Chapter 3, a VLCD
had been shown to facilitate significant weight loss in patients with obesity (Jebb et al., 2017)
and T2DM (Lean et al., 2019), and this was also associated with the reversal of diabetes in

46% of patients (Lean et al., 2018).

The primary outcomes of our study were to assess the feasibility of recruiting patients with
NAFLD to a VLCD and the acceptability of the intervention. Data presented in Chapters 3 and
4 indicate that a VLCD intervention is feasible to undertake and acceptable to patients with
NAFLD. Overall, the study was fully recruited from a single centre within 6 months, and only
3 (10%) of patients withdrew during the VLCD intervention. Of those who completed the
intervention, 59% achieved >10% weight loss post VLCD, and 34% of the whole cohort

maintained >10% weight loss for at least 6 months after completing the VLCD intervention
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(Scragg et al., 2020). Compared to standard care (Vilar-Gomez et al., 2015), our data
presented favourable results. For example, it has been reported that within standard care,
70% of patients achieved <5% weight loss, 20% achieving between 5 and 10% weight loss, and

just 10% achieving a weight loss of greater than 10% at 12 months (Vilar-Gomez et al., 2015).

Overall, the observed adherence and subsequent achieved weight losses are consistent with
previous studies that have assessed the feasibility of a VLCD in individuals with obesity and
T2DM (Lean et al., 2019, Jebb et al., 2017). DIiRECT observed a mean reduction in bodyweight
of 10 kg at 12 months (I0C analysis), and we observed a mean weight loss of 10 kg at 9 months
(10C). Similarly, retention between the two studies were similar, with DIRECT and ourselves
reported 10% of patients withdrawing throughout the initial VLCD intervention. Given the
similar protocol employed to achieve a VLCD, variances in results are likely due to the varying
baseline cohort; for example, DIRECT had a mean baseline BMI of 35 kg/m?, whereas ours was
42 kg/m? (Lean et al., 2018). The comparable nature of the achieved weight loss and retention
is encouraging, as this suggests that the VLCD intervention was as acceptable to individuals

with NAFLD as it was to those with T2DM.

Furthermore, the secondary outcome data (specifically, that which relates to improvements
in markers of liver and cardiometabolic health) presented in Chapter 3 compares favourably
to pharmacological trials (Younossi et al., 2019, Ratziu et al., 2016). For example, while a
recent study assessing the impact of vitamin E and obeticholic acid reported similar outcomes
with regards to changes in liver enzymes, the use of obeticholic acid was associated with a
rise in total and LDL cholesterol levels, alongside a fall in HDL cholesterol (Younossi et al.,
2019). The use of obeticholic acid has also been associated with an increased incidence of
pruritus; the REGENERATE study reported an incidence of 45% of patients taking a dose of 25

mg/d, compared to 19% within the control group (Malnick et al., 2020, Younossi et al., 2019).

Going forward, it is essential to establish the true efficacy of a VLCD on liver health in a NAFLD
population, by assessing this in a larger cohort and directly measuring liver fat, inflammation
and fibrosis. To gain a greater understanding of the potential efficacy of a VLCD to improve
characteristics of NAFLD, a control group should be included in future studies. For example, a
randomised controlled trial with patients randomised to an intervention arm and a standard
care arm. While fibroscan and non-invasive score have been associated with disease
progression there can be inaccuracies when using these. However, for the benefit of
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feasibility, these measures were appropriate as they reflect current clinical practice. Future
work should also aim to report weight maintenance over a longer period of time, beyond 9
months. It would be of interest to establish predictors of resolution of fibrosis or other
hallmarks of worsening disease progression. For example, analysis of DIRECT data has been
undertaken to assess potential predictors of remission of T2DM (Thom et al., 2020b), where
it has been reported that weight loss is the major predictor. Early weight loss and programme
attendance were also shown to predict a high rate or remission. This correlates well with data
presented in Chapter 3 that strongly associated with early weight loss with final weight loss.
Additionally, we reported a dramatic initial rise and subsequent fall in liver enzymes (AST and
ALT). While there are some hypotheses on the underlying mechanism of this phenomenon,
further research is required. This is important as to investigate the potential for initial liver
damage following a VLCD to achieve significant weight loss, and it may be that this may be an
intervention that is not suitable for some patients due to the potential to cause harm as a

result of the observed initial liver damage.

Overall, the results from Chapter 3 indicate that a VLCD is an acceptable and feasible
treatment for some patients with NAFLD, and should be further explored in larger sample

sizes and over a greater period of time.

7.3. Factors associated with engagement and adherence to a VLCD to achieve significant

weight loss in patients with NAFLD

Chapter 3 demonstrated the feasibility and acceptability of a VLCD intervention in patients
with NAFLD quantitatively, however, given the perceived drastic nature of the intervention it
was important to further explore potential barriers and facilitators to uptake, engagement
and adherence. Therefore, immediately post-VLCD intervention, semi-structured interviews
were undertaken in order to ascertain patient views and feedback, which would also inform

future studies.

Overall, the VLCD intervention was perceived to be acceptable and easier to adhere to than
expected. The most salient barrier to adherence was reported to be irregular working hours,

while other barriers include employment in physically demanding jobs and family members
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providing temptation to deviate from the study protocol. On the other hand, rapid weight
loss, support from healthcare professionals during study visits, social support from family
and friends outside of study visits and ease of following the VLCD were reported as
facilitators to adherence. To overcome perceived barriers, participants employed multiple
behavioural regulation strategies including goal setting, planning, avoidance of food and
difficult social situations and self-distraction. Feedback and further recommendations
obtained from the interviews reported that support from other participants, a report card
summarising anthropometric outcomes/markers of metabolic health from each visit to take
away with them, and more recipes for the daily vegetable servings would be beneficial to

further support adherence.

Previous research had indicated that the motivations for NAFLD patients undertaking a VLCD
are likely to be different to those of other cohorts, such as patients with T2DM (Lean et al.,
2019), particularly because many patients with NAFLD are asymptomatic and are not
concerned about their condition (Avery et al., 2017, Haigh et al., 2019, Hallsworth et al.,
2019). This is unsurprising, as it has previously been reported that some patients with NAFLD
are not appropriately referred (Hallsworth et al., 2019) and therefore may not receive the
correct support or advice relating to their risk of disease progression. Furthermore, awareness
of NAFLD is reportedly low, even in populations at the greatest risk (Wieland et al., 2015).
However, in our study, qualitative analysis revealed that patients were aware of the risk to
their overall health that NAFLD poses, and a primary motivator for patients to take part in the
study was to lose weight to benefit their health, rather than for aesthetic reasons. Similarly,
within patients who took part in the DIiRECT trial, a common motivator to partake was to
improve their health, particularly in relation to their complications caused by diabetes
(Rehackova et al., 2020). Given that our patients were in the ongoing care of a hepatologist
prior to partaking in the study, and willing to partake in a research study, it is likely that this
cohort may not be representative of a typical NAFLD cohort. Therefore, it is important to
consider that the motivators for these patients are likely not the same as those do not
regularly consult with a clinician with regards to their NAFLD. Going forward, it may be
informative to attempt to interview a larger pool of eligible patients in order to ascertain
preconceived notions regarding the potential participation in a VLCD intervention. Similarly,

further studies would benefit from obtaining feedback and information regarding barriers to
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engagement and adherence from those for who the intervention was not a success, in order

to gain a more representative pool of information.

Data presented in Chapter 4 provides evidence that the VLCD was widely acceptable for a
range of individuals and during analysis data saturation was achieved following approximately
the 15" interview. Therefore, the themes presented are strongly supported by the data
collected. Going forward, in order to increasing the likelihood of representing more
individuals with NAFLD, further interviews should take place in individuals with different
cultural and ethnic backgrounds. As with the qualitative data obtained in the DIRECT, the
views of younger patients were not sufficiently represented (Rehackova et al., 2020).
However, this is likely representative of a typical NAFLD cohort as NAFLD is more prevalent in

middle-age and beyond.

Other identified themes in our data have some similarities to qualitative data obtained in
other cohorts, such as individuals with obesity, T2DM and polycystic ovarian syndrome
(Rehackova et al., 2020, Rehackova et al., 2016, Love et al., 2016, Ostberg et al., 2011). For
example, the need for social support outside of the parameters of the study visit, highly
regimented intervention to facilitate an ‘easy to follow” protocol and the importance of
clinical advocacy as a primary motivator to uptake (Rehackova et al., 2020, Rehackova et al.,
2016, Love et al., 2016, Ostberg et al., 2011). On the other hand, our data also presented
some themes which had previously not been reported, such as the need for more flexible
working arrangements in order to not be excessively fatigued while undertaking the
intervention, as this led to the desire for quick and convenient satiating food which were not
within the parameters of the protocol. As an extension of this, this also presented the need
for the intervention potentially needing to be discussed with work superiors, to facilitate time
off in order to attend the study visits. Given that attendance to study visits was highlighted as

being integral in maintaining engagement and adherence, this is of particular importance.

Findings from the study depicted in Chapter 4 provide information on the motivators,
facilitators and barriers to engagement and adherence with regards to a VLCD, and adds
valuable insight into the current qualitative evidence surrounding both VLCDs and the
attitudes towards changing lifestyle behaviours in individuals with NAFLD. Providers of a VLCD
intervention, both clinical and commercial, would benefit from using these findings to support

individuals attempting to adhere to a VLCD. For example, these findings inform that sufficient
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guidance should be provided, and that planning in advance is a useful behavioural
methodology to help individuals overcome barriers. Future studies could provide more
information to the pool of current evidence by assessing whether the reported themes are

relevant beyond weight loss, throughout weight maintenance.

7.4. Objectively measured physical activity and sleep data in a NAFLD cohort

Chapters 3 and 4 provide evidence of the feasibility and acceptability of a VLCD in a NAFLD
population. Chapter 5 further supports the importance of lifestyle behaviours within a NAFLD
cohort by describing the differing physical activity (PA) behaviours between our NAFLD cohort
and age- and gender-matched controls. Furthermore, Chapter 5 also describes a brief

exploratory analysis on the effect of significant weight loss on the PA of our cohort.

Chapter 5 presents data which describes a trend of lower levels of all-intensity PA, higher
levels of inactive behaviours and poorer sleep quality and shorter sleep duration in our NAFLD
cohort compared to healthy controls. This data was novel in using triaxial acceleromtery to
assess PA data between individuals with clinically confirmed NAFLD and healthy controls;
previous research has described this using biaxial accelerometry (Hallsworth et al., 2015).
Similarly, previous research has described differences between the PA of NAFLD and healthy
populations using triaxial accelerometery (Gerber et al., 2012), where the NAFLD cohort were
defined using the fatty liver index (which is predominantly determined using BMI) and not a

clinical diagnosis.

Given the strong association between the pathophysiology of obesity and NAFLD, it was not
possible to match the BMI between our NAFLD cohort and the healthy controls. Some of our
patients had extremely high BMI scores and it would be very unlikely that we recruit a healthy
control, free of any comorbidities, with similar BMI scores. Therefore, an exploratory analysis
was undertaken where BMI was controlled for between the groups. Results from this analysis
indicate that BMlI is likely a key influencer of PA, however, the data still describes significant

differences in levels of moderate PA and MVPA between groups and further justifies the
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important role that patients with NAFLD should be counselled on the benefits that increasing
the levels of PA can have. This also further supports previous evidence that exercise can
alleviate some of the physiological burden of NAFLD independent of weight loss (Hallsworth

etal.,, 2011).

Our data reported no significant changes in PA, inactivity or sleep between baseline, post-
VLCD and follow-up. This is similar to data reported by Lean et al within the DIiRECT study
(Lean et al., 2018). Furthermore, reported PA, inactivity and sleep data were comparable
between DIiRECT and our study. Potentially, it is likely that no changes were observed
throughout the intervention as there was not a particular focus on PA. In our study, as
described in Chapter 3, some patients were referred to ‘exercise on referral’ schemes during
the weight maintenance period, but approximately half of the referred individuals had not
been inducted into the scheme by the time that follow-up measurements were taken. In
addition, the relatively small sample size that had datasets at all time points may not be large

enough to reflect any observed changes.

Therefore, future studies should aim to assess potential changes in PA, inactivity and sleep in
a larger sample size, and over a longer follow-up duration. Given that NAFLD is directly
associated with lower levels of PA and exercise, the data presented in Chapter 5 further
supports the recommendations that all patients with NAFLD should be encouraged to

increase their PA levels and reduce sedentary time where possible.

7.5. The development of an exercise programme for patients waitlisted for liver

transplantation

While Chapter 5 provides evidence for the importance role that PA can have in patients
NAFLD, Chapter 6 focuses on the role of exercise following significant disease progression into
end-stage liver disease in those awaiting liver transplantation. Figure 7.1 briefly outlines the
potential pathway of NAFLD progression through to cirrhotic complications and the need for
liver transplantation with a focus on the important potential roles for lifestyle behaviour as
therapy. However, this schematic represents solely the individuals who may require a liver

transplantation due to NAFLD, whereas Chapter 6 focused on all causes of end-stage liver
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disease and therefore encompasses a range of underlying indications for liver transplantation.
Over the past decade, NAFLD as an indication for liver transplantation has increased at a rate
that far exceeds all other indicators (Wong et al., 2015, NHS, 2019) and therefore the outlined

pathway depicted in Figure 7.1 is becoming more and more of a reality.

Chapter 6 outlines the development of an exercise programme targeted at patients on the
waiting list for a liver transplant. The exercises developed were largely informed by three
focus groups, undertaken with a range of patients at different points in regards to their liver
transplantation; some were on the waiting list, and some were post-transplant. Relevant
members of staff, who would likely play a role in the delivery of the intervention, were
included, to ensure the exercise programme was developed with pragmatism in mind. To
provide a quantitative rationale for the need for an exercise programme, and to provide an
insight in functional capacity of the potential recipients of the programme, a retrospective
cohort analysis was undertaken. This highlighted that lack of fitness or the need to make
lifestyle changes was a primary reason for ineligibility for transplantation. This data is in line
with previous research which has identified fitness, defined in this instance by anaerobic
threshold, an important predictor of post-transplant 90 day survival (Prentis et al., 2012).
Furthermore, this further supports the overarching theme of this thesis; lifestyle behaviours

are applicable interventional therapies within liver disease across the disease spectrum.

The results of the cohort analysis, combined with previous research emphasising the
importance of perioperative fitness, provided sufficient evidence that an exercise programme
targeting patients on the waiting list was needed. Within the UK, the median time spent on
the waiting list across all transplantation centres was 99 days (NHS, 2019). This provides an
opportune time period for patients to engage in prehabilitative therapies. Therefore, the
programme was developed in line with patient and health care professional feedback
provided at each focus group. The inclusion of patients in the conception of the programme
was essential for establishing preconceived barriers and facilitators to uptake, engagement
and adherence. Furthermore, this alongside the quantitative data from the cohort analysis,
provided a benchmark of the level of exercise intensity that would be feasible for patients to
undertake. The inclusion of patients who had previously been a recipient of a liver transplant

and who had experienced being on the waiting list further confirmed that an exercise
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programme would have been well received and that time spent on the waiting list would be

an opportune time to partake.

Assessing the feasibility and acceptability of the intervention was beyond the scope of this
thesis. Next steps would be to run the exercise programme alongside a series of focus groups
or interviews to obtain feedback from both the staff involved in the delivery of the
intervention, and the patients with the goal of increasing acceptability. Additionally, it would
be informative to investigate the adherence and efficacy of differing modes of delivery- as
described in Chapter 6, a highly flexible programme was developed, giving patients the option
of undertaking the intervention at home or within a community setting, with online support
available. Similarly, should the programme prove to be efficacious, it would important to
assess the cost effectiveness, as well as the overall impact on the post-operative outcomes,

in order to determine the potential benefit this could have to current clinical practise.
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Figure 7.1. Schematic outlining the interlinking pathway between the data presenting in chapters 3-6, and briefly
outlining the relevance of the generated data in the context of current clinical practise and literature
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7.6. Limitations of the studies presented within this thesis
Specific limitations for each study are addressed in the respective experimental Chapters. The
findings reported from this thesis are largely based small scale feasibility studies, and as such,
further evidence is required before these findings can be considered part of the accepted
evidence base. Research in this area, particularly in the findings reported in Chapter 3, would
benefit from a longer follow-up period and a larger cohort to be adequately powered to
ascertain truly significant findings with regards to the effectiveness of the intervention.
Furthermore, should the intervention prove to be efficacious, it would be essential to assess

uptake into clinical practice and the acceptability of delivery to health care professionals.

Another significant limitation within the data presented throughout this thesis is the lack of
ethnic diversity. While our data provides insight into the feasibility, potential facilitators and
barriers to adherence and facilitators of typically ‘hard to reach’ populations with regards to
adhering to a VLCD, it is limited in reflecting the views of only Caucasian individuals. Similarly,
within Chapter 6, the focus groups explored patient feedback from only Caucasian individuals

and therefore may not be representative of a large portion of the target population.

Another limitation throughout this thesis is that of the strong potential for volunteer bias;
patients who are willing to attend focus groups are more likely to be motivated to take part
in an intervention and therefore the obtained feedback may not represent the views of those

who are less motivated.

7.7. Conclusions

The findings of this thesis demonstrate the potentially important role that lifestyle
interventions could have in managing liver disease and on preventing disease progression in
patients with NAFLD. Specifically, these preliminary findings suggest that lifestyle
interventions such a VLCD are likely acceptable to many patients with NAFLD and are feasible
to recruit to and deliver. These findings also suggest that patients with end stage liver disease
might still be motivated to partake in physical activity and exercise based lifestyle
interventions. Overall, this thesis presents that lifestyle interventions could potentially be

suitably administered as treatment for liver disease and may pave the way for further, larger
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scale interventions to be trialled. Should the findings of further, larger studies be in keeping
with the data presented in this thesis, lifestyle interventions could become part of

recommendations for treatment within standard care.
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Appendices

Appendix A: Analysis of QOL and WRSM data

Obesity and Weight Loss Quality of Life Measure

The 17 OWLQOL items have a 7-point Likert-like response scale ranging between 0 “Not at
all” to 6 “A very great deal”. Before calculating scores, each item is reversed. All OWLQOL
items are used with equal weight to derive a single quality of life score. The score is
computed by simply summing each item and then transforming this raw score onto a

standardized scale of 0 to 100 using the following formula.

Score = (The sum of the component items score (minus) the lowest possible score/ possible

raw score range) *100

A score of 0 indicates the greatest impact, and a score of 100 indicates the lowest impact,

thus increasing OWLQOL scores imply better quality of life.

Subjects were allowed to miss up to 3 items and still have an analysable score.

Weight-Related Symptom Measure

The WRSM is a 20-item, self-report measure for the presence and bothersomeness of
symptoms. A subset of 9 items was specifically targeted to patients with diabetes and thus
there is an overall WRSM for all obese patients and a WRSM-D specific for obese patients
with diabetes. Participants respond either “yes” or “no” as to whether they have
experienced the symptom in the previous 4 weeks and then indicate the degree of
bothersomeness that having the symptom caused them. The bothersomeness response
options are on a 7-point scale and range from 0 (“not at all”) to 6 (“a very great deal”). A
total score is calculated by summing the bothersomeness scores for each symptom. Total

scores range from 0 to 120 with higher scores indicating a higher or worse symptom burden.
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Appendix B: Patient Information sheet for patients within the studies presented in Chapters

3,4 and 5.

Newcastle

The Newcastle upon Tyne Hospitals INHS| 5 !
+ University

NHS Foundation Trust

The Liver Unit
Freeman Hospital
High Heaton
Newcastle upon Tyne

NE77DN

Patient Information Sheet

Is a very low calorie diet an acceptable therapy to achieve a target weight loss in patients

with advanced non-alcoholic fatty liver disease?

You are invited to participate in this medical research study as a member of your clinical
team has screened your medical records and deemed you eligible. Please take time to read
the following information carefully. It explains why the research is being done and what it
involves. If you have any questions about the given information, you are very welcome to
ask for further explanation. Discuss with others if you wish and take time to decide

regarding your participation. Thank you for reading this.

What is the purpose of the research project?
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Non-alcoholic fatty liver disease (NAFLD) affects up to 1-in-3 adults in Western countries. It
represents a spectrum of conditions spanning from simple fatty liver through to non-
alcoholic steatohepatitis (NASH — liver inflammation), life threatening cirrhosis, liver cancer
and liver failure, and has become a common cause of liver transplant. Risk factors include:
increasing age, being overweight or obese, inactivity, Type 2 diabetes mellitus (T2DM) or
pre-diabetes, diet and family history. Most patients have no symptoms at diagnosis.
Currently, there are no approved drugs to specifically target NAFLD — the main treatment is
lifestyle changes with weight loss being the key to improving liver health. Lifestyle
interventions designed for weight loss through reduced energy intake in NAFLD have led to
reductions in liver fat of between 42 and 81% with the greatest reductions in liver fat

observed in people who lose the most weight.

This study aims to assess the feasibility and acceptability of an 8-week very low calorie diet
(VLCD) in people with advanced NAFLD. We intend to investigate how many people respond
to an invite to take part in this study and how many who take part complete the diet and
maintain their weight loss. We are interested in how much weight people lose during the
intervention and whether they are able to maintain the weight loss when they return to
normal eating in the following six months. We aim to capture peoples’ views including what
makes it easy or difficult to stick to the diet. This will help us decide whether this type of
intervention could be provided on a larger scale to assess its effectiveness, and if effective

be used as part of standard clinical care.

This research DOES NOT require a liver biopsy. Previous research has shown that if you lose
weight then this improves liver fat and this process is now well understood. Thus we DO
NOT feel it necessary to subject you to a “before” and “after” liver biopsy which

dramatically reduces the risks involved in taking part in the study.

Who will be suitable for the study?

e People with advanced NAFLD
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e People who are aged between 18 and 70 years
e People who are overweight/obese - body mass index (BMI) above 27 kg/m?

e People who have had a stable body weight for the previous 6 months

Who will not be suitable for the study?

e People with kidney, heart or additional liver problems

e People who are actively losing weight or are currently being treated with anti-
obesity drugs

e People who take insulin to control their diabetes

e People with cancer

e People who are on steroids or certain anti-psychotic medications

e People who consume more than the Governments safe alcohol recommendations

e People with highly restrictive dietary preferences

e People who have untreated thyroid disease or active cardiovascular disease

e People with a history of eating disorder

e Anyone who is pregnant/considering pregnancy

Do | have to take part?

Your participation in the study is purely voluntary and does not affect your routine care in
any way. You have as long as you wish to decide whether to participate. You will be invited
to discuss the study in full with a member of the Research Team. If you decide to take part,
you will be asked to sign a consent form only at this stage. If you decide to take part, you

can still withdraw at any time without giving reasons and without incurring any bad feelings.

What will the research project involve?

The research involves an 8-week period of very low calorie dieting to induce weight loss,
reduce liver fat and improve blood glucose control. You will then be asked to follow a
weight maintaining diet and physical activity plan for 6 months with education and support

throughout. The diagram below illustrates the basic design of the study.
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Weight loss phase (see diagram above and the additional dietary information sheet “The

Newcastle Diet — How to do it”)

e During the 8 weeks of weight loss a liquid formula diet (Optifast — 600-800 kcal/day)
is taken in place of normal meals. In addition you can eat 3 portions of non-starchy
vegetables each day and drink at least 2 litres of water or calorie-free beverages
each day. You will be asked to abstain from alcohol during the 8-week diet period.
The diet will require determination to complete, but will certainly achieve weight
loss. During this time, consideration will have to be made with regards to social

events, eating out, holidays etc. to allow you to stick to the dietary regimen.

e The Optifast drinks will be provided free of charge for the duration of the study.

e One-to-one support will be provided regularly throughout the diet, both face-to-face
at the Freeman Hospital and via telephone or email. You will be asked to weigh
yourself at home during the research study and will be given a set of weighing scales
to use if you don’t already have any. (You will be asked to return these at the end of

the study).
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You will be asked to attend the Freeman Hospital on six occasions during the 8-week
VLCD phase for monitoring of weight, blood pressure, blood tests and review of how

you are getting on with the diet.

Individualised weight loss targets will be set throughout this time.

Weight maintenance phase (see diagram on previous page)

During the 6 months of weight maintenance you will be asked to follow either a
normal but calorie controlled diet or a Mediterranean style diet. This will be your
choice. Meal plans, recipes and snack ideas will be provided. Also, you will be asked

either to continue usual activity levels or to become more active.

You will receive verbal and written information about the diet and activity

programmes, some of which are individualised according to your habitual lifestyle.

You will receive full support from the research team throughout. You will be asked to
monitor your weight weekly at home and to attend the Freeman Hospital at monthly
intervals for monitoring of weight, blood pressure, blood tests and review of how

you are managing the lifestyle changes.

On three occasions during the study period you will be asked to wear a physical activity

monitor in the form of an armband for a 7-day period at home.

Main tests

Blood tests will be taken throughout the study and imaging studies will take place on three

occasions: before starting the diet, following the VLCD and then after 6 months weight
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maintenance. You will be asked to attend the Freeman Hospital having missed out

breakfast.

Blood tests will measure your liver enzymes, blood glucose, insulin, lipid profile and markers
of inflammation. We will measure your height, weight, hip circumference, waist
circumference and blood pressure. At these three visits we will also measure your body
composition (the proportion, or percentage, of body fat and fat free mass within the body)

and perform a fibroscan to assess your liver stiffness.

We will also select a number of people to undertake a short interview with the Research
Team to gather people’s experiences of undertaking the study and barriers and facilitators
to adopting the very low calorie diet. These interviews will be audio recorded by the
Research Team and the anonymised recordings will be sent to “type it write” (a Newcastle

based transcription company www.typeitwritetranscription.co.uk) for transcription. The

audio recordings are then deleted off the dictaphones and a copy of the recordings and
transcriptions will be stored on a password protected folder and only accessed by the

Research Team.

What happens after the study?

We will continue to provide you with dietary support and advice after you have completed
the study period to enable you to continue with a healthy lifestyle. Telephone advice will
continue to be available for at least 3 months. With your permission, we shall also liaise as

necessary with your liver doctor and GP.

Expenses and payments

Any travel / parking costs for helping with this research will be refunded. We can arrange a

taxi to transport you to and from the Freeman Hospital for your investigations if necessary.

300


http://www.typeitwritetranscription.co.uk/

What will | have to do about my current treatments?

If you are taking Sulphonylurea Tablets (Gliclazide, Glimepiride, Tolbutamide) for your
diabetes, we will ask you to stop these 3 days before your first study day. If you are taking
any other medication for your diabetes, you will be asked to continue these as normal
throughout the study unless specifically instructed by a member of the research team. All
other medications should be continued as usual. Specifically, if you are on any medication
for cholesterol levels, you will be asked to remain on your current dose throughout the

study period.

What do | have to do?

We appreciate that this is an intensive study that requires your time and commitment.

e You will be making considerable change in your diet, eating pattern and physical

activity levels under specialist supervision and support

e You will be asked to attend the Freeman Hospital on 13 occasions over the 8-month
period. This will include blood tests, blood pressure, weight and other investigations.
In addition you will be asked how you are getting on with the diet (by a short semi-

structured conversation with a member of the research team)

e You will be asked to weigh yourself at home weekly throughout the study period

Is this a new treatment?

No. A very low calorie diet is an established procedure for inducing weight loss which also

improves blood sugar control and in some cases can reverse blood sugar problems in people

with diabetes.
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What are the adverse effects or risks from taking part in this study?

There are no major risks from taking part in this study. The very low calorie diet is safe
under medical supervision. The intense dieting and longer-term lifestyle change are

challenging but full support will be given.

The low calorie diet can lead to substantial reductions in blood pressure so your medication

may be changed to accommodate this.

In some cases, the diet can aggravate gallstones if you have a previous history, but this will

be closely monitored.

Some people also report increased constipation during the diet - gentle activity and fluid can
help. It should be recognised that emptying the bowels less frequently is normal if you are

eating less food. If you suffer any real discomfort we will advise you to see your GP.

If you have a previous history of gout then we will get your GP to check your uric acid levels

as they may want to increase your medication if levels rise.

Some people suffer a temporary loss of hair with rapid weight loss. This is transient and hair

WILL grow back.

The fibroscan is non-invasive, safe and does not use X-Rays or any other harmful radiation.

Are these any other possible disadvantages of taking part in the research?

You will have to give up time in order to attend the study visits.
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What happens at the end of the research project?

We will inform you about the changes in your body weight, blood test results and body
composition throughout the study period. We will also by invite you to a volunteer feedback

evening at the Freeman Hospital where the results will be explained.

Will my taking part in the project be kept confidential?

All information obtained during the course of the study will be kept strictly confidential.
With your permission, your own GP and liver doctor will be informed of your participation in

the study.

How will my personal data be used and protected?

The Newcastle upon Tyne Hospitals NHS Foundation Trust (NuTH) 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.

NuTH will keep identifiable information about you for 5 years after the study has finished.

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 Dr Kate Hallsworth

(contact details found at the end of this information sheet).
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NuTH will use your name, NHS number and contact details 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. Individuals from NuTH and regulatory
organisations may look at your medical and research records to check the accuracy of the
research study. The Research Team will pass these details to NuTH along with the
information collected from you and your medical records. The only people in NuTH who will
have access to information that identifies you will be people who need to contact you to
arrange appointments as part of the research study or audit the data collection process. The
people who analyse the information will not be able to identify you and will not be able to
find out your name, NHS number or contact details. NuTH will keep identifiable information

about you from this study for 5 years after the study has finished.

What will happen to the blood samples taken?

The samples will be sent to the laboratories to measure liver enzymes, insulin, glucose,
cholesterol and other measurements. Samples will be stored until it is certain that the test
results are accurate, and then they will be disposed of. Samples are identified only by code
numbers, and not by your name. One sample will be stored after each visit to allow the
research team to look at the lipid profile and inflammation in detail. One genetic test will be
carried out on the blood samples, to look at the PNPLA3 gene. This gene has been shown to
be important in determining liver fat levels. An additional blood sample will be taken at
baseline and stored in the UK Biobank so that newer biomarkers for advanced NAFLD can be
analysed at a later date if needed. These will be stored for up to 5 years after the study has

been completed.

What will happen if abnormal results are discovered during the study?

Any abnormal results from blood tests or other investigations will be explained to you and,
with your permission, to your own GP and liver doctor so that appropriate action can be

taken if required.
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What will happen to the results of the research study?

This study is being undertaken as part of an educational qualification (PhD) and NIHR Clinical
Lectureship. The results of the project will be presented in national and international liver
meetings and will be published in one of the liver journals. You will not be identified in any
report or publication. You will be welcome to have a copy of the results once they are

published.

What if relevant new information becomes available during the study period?

This will be relayed to you in writing in a clear manner. If appropriate, your GP will also be

informed (with your permission).

What will happen if | don’t want to continue with the study?

You will be able to withdraw from the study at any time. Measurements already made can
sometimes still be used if you were to agree to this. Withdrawal from the study would not

affect your routine care in any way.

What if there is a problem during the course of the study?

If you have any concern or complaint about any aspect of the study, you should contact Dr

Kate Hallsworth by telephone on 0191 208 8882, email: kate.hallsworth@ncl.ac.uk or write

to her at the address provided below. If you remain unhappy you can contact the
Complaints Department in the Trust by telephone on 0191 233 6161, email:

patient.relations@nuth.nhs.uk or by letter at Patient Relations Department, The Newcastle

upon Tyne Hospitals NHS Foundation Trust, Freeman Hospital, High Heaton, Newcastle upon

Tyne, NE7 7DN.
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In the unlikely event that something goes wrong and you suffer in any way the
arrangements are as follows. If negligence of staff led to harm, then this would be covered
by the Newcastle upon Tyne Hospitals NHS Foundation Trust clinical negligence scheme. You

may have to meet legal costs.

Who is organising and funding the research project?

This project is funded by a grant from the Wellcome Trust, a PhD Studentship funded by the
Newcastle NIHR Biomedical Research Centre and a NIHR/HEE Clinical Lectureship awarded
to Dr Kate Hallsworth. The design and organisation of the study is the responsibility of Dr

Kate Hallsworth and Dr Stuart McPherson who are recognised as experts in this field.

Who has reviewed the study?

The study has been approved by the North East — Newcastle and North Tyneside 1 Research

Ethics Committee.

Who are the contacts for further information?

Further information can be obtained from:

Dr Kate Hallsworth (Senior Research Physiotherapist; NIHR Clinical Lecturer)
Room M4:077
4™ Floor William Leech Building

Medical School

Newcastle University

Newcastle upon Tyne

NE2 4HH
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Phone: 0191 2088882

Email: Kate.hallsworth@ncl.ac.uk

Dr Stuart McPherson, Consultant Hepatologist
The Liver Unit

Freeman Hospital

High Heaton

Newcastle upon Tyne

NE7 7DN
Phone: 0191 2448753
Email: stuart.mcpherson@nuth.nhs.uk

Thank you very much indeed for considering this study.
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Appendix C: Consent form for the study presented in Chapters 3,4 and 5

Is a very low calorie diet an acceptable therapy to achieve a target weight loss in patients

with advanced non-alcoholic fatty liver disease?

Volunteer identification number for this study:

Consent Form

Please initial each box
1) Iconfirmthat|have read and understood the information sheet for the study

(version number ) and have had the opportunity to ask questions

2) | understand that taking part is voluntary and that | am free to withdraw at
any time, without giving reasons, without my medical care or legal rights

being affected

3) | agree that | can be contacted at future date and asked to provide

information even if | withdraw from the study.

4) | give permission for data extraction from my medical record, about body
weight and liver status in the future by the research team, and by authorised
representatives of the study Sponsor and relevant regulatory bodies, for the

purposes of audit only

5) | agree to provide blood samples which will be tested for PNPLA3 genotype

and can be stored for future studies

6) | am happy to be contacted and asked to participate in interviews about my

views and experience of the study.
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7) | understand that interviews will be audio-recorded and if appropriate,

guotes used from the interviews will be anonymised

8) | understand the research team may contact my GP regarding my

participation in the study

9) | understand that the investigations are not diagnostic tests but any

observation which might be important for health will be explained to me and

my GP

10) | understand that my data will be stored securely.

11) | agree to take part in this study

PTO>

Name of participant (please print NAME)........ccovvvvveiriirrieeeeiieeeeeeeeeeee s

Date....ccoeereeennee. SINATUIE v

Researcher (please print NamMe). ...

Date....coceeereennns ) F=q g I LU T T
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Appendix D: GP letter

RE: Research study participation

Dear Dr XXXX,

We are writing to inform you that XXXXXX from your practice is taking part in our research
study titled: Is a very low calorie diet an acceptable therapy to achieve a target weight loss in

patients with advanced non-alcoholic fatty liver disease?

During this study they will follow an 8-week period of very low calorie dieting to induce weight
loss and improve liver health, with regular one-to-one support. This will be achieved through a
liguid formula diet taken in place of normal meals. They will then undergo 6 months of weight
maintenance, where they will follow either a normal but calorie counted diet or a
Mediterranean diet. Following the 8-week intervention, they will make a graduated return to
solid food meals. They may be asked to become more active and full support will be received

throughout.

Diabetic patients taking Sulphonylurea Tablets (Gliclazide, Glimepiride, Tolbutamide) will be
asked to stop these 3 days before the first study day as these medications increase the risk of
hypoglycemic episodes with rapid weight loss. Any other diabetic medication should be
continued as normal throughout the study unless specifically instructed by a member of the
research team. Regular glucose monitoring will be undertaken as part of the study protocol.
(Patients taking insulin to control their diabetes will be excluded from the study). All other
medications should be continued as usual. Specifically, any medication for high cholesterol
levels, will be continued at the current dose throughout the study period. Blood pressure will
be monitored regularly as part of the study protocol, and adjustments made to blood pressure

lowering medications as required. Any changes to medication will be made by a qualified
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member of the research team (Dr S McPherson or a clinical research fellow) and you will be

notified straight away.

If you have any questions or require any further information please do not hesitate to contact

us on 0191 208 8882 or email: kate.hallsworth@ncl.ac.uk / stuart.mcpherson@nuth.nhs.uk

Kind regards,

Dr Kate Hallsworth Dr Stuart McPherson

Senior Research Physiotherapist Consultant Liver Specialist
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Appendix E: Semi-structured topic guide used to facilitate 1-2-1 interviews post VLCD

intervention

Is a very low calorie diet an acceptable therapy to achieve a target weight loss in patients

with advanced non-alcoholic fatty liver disease?
Topic Guide for Patient Interviews (Semi-structured)

These interviews will investigate outcome expectations, general experiences, the challenges
participants faced (including, for example, in their social and work environments), and

approaches to overcoming them and adhering to the intervention at its different stages.
After 8-week Vicd

e How did you find the diet? How did it compare to what you expected? What did you
expect to get out of the diet?

e Was there anything you thought that might make the diet more difficult to stick to,
before you started? (prompt: barriers with work, social events, holidays)

e What if anything made the diet difficult to stick to? (Prompt: any cravings, hunger,
temptations, others eating foods you like, social events, holidays)

e How did you overcome these issues?

e What if anything made the diet easy to stick to?

e What advice would you give to others thinking about starting this diet?

e How have you found eating with friends/ family?

e What would make it easier?

e How did you fit this around work/ social events?

e How did you feel about the diet pre-intervention?

e Do you see the VLCD as the start of your weight loss? i.e, with a view to continuing via
an alternative method?

e To what extent do you believe this diet had been effective?
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Appendix F: Obesity and Weight-loss Quality-of-Life (OWLQOL) instrument used to measure

quality of life with the study described in Chapters 3 and 4

Obesity and Weight-Loss Quality-of-Life (OWLQOL) Instrument

© University of Washington, 2004

Your Feelings About Your Weight

Below is a list of statements about your quality of life in relation to being overweight and trying

to lose weight. For each of the following statements, please mark an [X] in the one box that

best describes your answers at this time.

Not at

all

Hardly

Some-

what

Moder-

ately

good

deal

great

deal

A very
great

deal

1. Because of my
weight, | try to wear
clothes that hide my

shape.

s [

2. |feel frustrated that |
have less energy
because of my

weight.

5 [

6 [

3. |Ifeel guilty when |
eat because of my

weight.

4. | am bothered about
what other people

say about my weight
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Because of my
weight, | try to avoid
having my

photograph taken.

Because of my
weight, | have to pay
close attention to

personal hygiene.

My weight prevents
me from doing what |

want to do.

| worry about the
physical stress that
my weight puts on

my body.

| feel frustrated that |
am not able to eat
what others do
because of my

weight.

10.

| feel depressed
because of my

weight.

11.

| feel ugly because of

my weight.

12.

| worry about the
future because of my

weight.
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13.

| envy people who

are thin.

o LI

14.

| feel that people
stare at me because

of my weight.

15.

| have difficulty
accepting my body
because of my

weight.

16.

| am afraid that | will
gain back any weight

that | lose.

17.

| get discouraged
when | try to lose

weight.

Weight-Related Symptom Measure (WRSM)

© University of Washington, 2004

Weight-Related Symptoms and How Much They Bother You

For each of the following questions, read the list of symptoms below, and mark an [X] in the

one box that best describes your answer.

a.

In the past 4 weeks, did

you have the following

symptoms?

b.

If Yes, how much did these symptoms bother you?
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A A A very
Not at Some- Moder- good great great
No Yes SYMPTOMS all Hardly ~what ately  deal deal  deal
O[] 1[] | Shortness of breath o[ ] 1[] 2] 3[] 4[] 5[] 6[]
O[] 1] | Tiredness oLy ) 20 31 40J sOJ e[}
O 1 | Sleep problems 0[] 1[] 2[] 3[] 4[] S[] 6[]
O] 1 | sensitivity to cold oJ 130 200 30 40) s &[]
O 1 | Increased thirst o T e I e T R I A T ) I O I
O Iy | Inereasedinitability Jo7 1] 2] 30 40 SO 6 ]
4 I | Backeain oy 1] 2] 33 40L] s 6]
45 I |frequenturination 0[] 1[] 2[] 3[] 4[] 5[] &[]
0] g |Paininthejoints(hips, \ O[] 1]  2[] 3[] 4[] > &0
0] I \Ij\r/]aete:r :‘::.ntion o[] 1[] 2[] 3[] 4[] 5[] 6[]
0r] I | Foot problems o 1] 200 3] 40 s 6]
O 1 | Sensitivity to heat o] g 203 300 40 s e[]
O i | Snoring o R I e U O B R I
q_]| 1] | Increased appetite o) |10 |20 (300 |40 (500 |8
]| 1[] | Leakage of urine o] |10 |2 (3 |40 |50 |s[]
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1|:| Lightheadedness 0[] [1[] 2] |3[] 4[] 5[]

6]

T

Q]| 1] | Increased sweating | O[] |1[] |2[] |3[] (400 |°J |6}
0| 1| tossof sexualdesire |0 [] |1[] |27 [3(] |40 [s[] |6[]
0| i | Pecreasedphysical o] [t [20J [30J |47 |5J [6[]
o S0 Y070 (307407 500 o

Please go back to the questions you just answered to make sure you did not miss any items.

Thank you for taking the time to complete the questionnaire

This Obesity and Weight-Loss Quality-of-Life (OWLQOL) Instrument and Weight-Related
Symptom Measure (WRSM) was adapted from:

Niero, M., Martin, M., Finger, T., Lucas, R., Mear, |., Wild, D., ... & Patrick, D. L. (2002). A new
approach to multicultural item generation in the development of two obesity-specific
measures: the Obesity and Weight Loss Quality of Life (OWLQOL) questionnaire and the
Weight-Related Symptom Measure (WRSM). Clinical therapeutics, 24(4), 690

317




Appendix G: Data collected at each study visit

Table of events:

NAFLD VLCD Data

Visit 1 3 4 5 6 10 | 11 | 12 | 13
Procedure

Height X

Weight X X X X X X X X X
Waist circumference X X X X X X X X X
Hip circumference X X X X X X X X X
PA/Sleep X X X
Blood pressure X X X X X X X X X
Body composition X X X
Fasting glucose X X X X X X X X X
Bloods:

Lipid profile X X X X X X X X X
LFTs (+AST+GGT) X X X X X X X X X
Hbalc X X X
Insulin X X X
Full blood count X X |[X | X [|X X X X X
Stored sample for X X X X X X X X X
lipidomics/inflammatory

markers

Genotyping X

FIB-4/NFS X X X
QRisk2 X X X
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Record of any side X X
effects/AEs

Fibroscan ¥
Weight-related QoL Q X

Semi-structured

interview

*if most recent scan >3months ago
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Appendix H: Newcastle Diet Plan

The Newcastle Diet — How to do it

The Newcastle diet (Lean et al.) is an eight-week very low calorie diet (VLCD, less than
800 calories per day) that has been shown to reduce liver fat in many people. It is
important to bear in mind the diet is only eight weeks long. It is followed by a return to
normal eating but with reduced calorie intake than previously. You will not be missing

out on the things you enjoy for too long!

What will | eat and drink?

During the 8-week weight-loss phase you will have the following each day:

Meal replacement products (Optifast soups or shakes, 3 sachets — these will be
provided free of charge for the 8-week weight-loss phase) — this provides a total
of 600 calories. You must have all 3 sachets to ensure you get adequate protein
(vital to maintain muscle mass during weight loss) and essential vitamins and

minerals. Make up according to the instructions on the packet*.

Eat 3 portions of vegetables (not fruit), for fibre content and additional
nutrients. This will provide up to 200 calories.

Drink 2 litres (4 pints) of water or calorie-free beverages each day in addition to
the fluids from the meal replacement products.

You can use up to 100ml allowance of skimmed or semi-skimmed milk for tea
and coffee throughout the day (optional).

No alcohol while following a VLCD (it is very high in calories)

* Nothing else is eaten during the 8-week weight loss phase. The above meal plan
replaces all of your usual foods (meals, snacks and calorie containing drinks). The only

exception to this is milk where this is a requirement for making up your meal
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replacement products. Follow the instructions on the packet as these vary by product

used. Do not substitute water if the instructions direct you to use skimmed or semi-

skimmed milk, as you will miss out on vital protein and nutrients.

Why does the diet use liquid meal replacements and not ‘real’ food?

It isn’t essential to follow a VLCD to achieve results. Many people have followed food-

based diets and lost weight gradually over a longer period of time. The key is taking in

fewer calories than you burn. This allows enough weight loss to strip the fat out of the

liver and pancreas. We have chosen meal replacements for the Newcastle diet as they

have the following advantages:

They are filling and hunger is not a major problem for most people

They are simple to use provide a break from making decisions about what and
how much to eat

The complete change gives an opportunity to break unhelpful eating habits
They provide complete nutrition in a small amount of calories

They are quick and easy to prepare

They allow rapid weight loss — you see and feel the results quickly. We know
that losing weight more quickly does not cause faster weight regain than losing
weight more slowly. In fact, the more weight people lose in the first 6 months
of a diet the more weight they tend to keep off over the longer term

Times when you are tempted to eat or snack stand out more, helping you work
out your triggers for eating and to plan more helpful ways to manage them

At the end of the 8 weeks you have a ‘blank slate’ to start your new eating

habits for life

What can | expect?

Your body will rapidly begin to use up fat stores as its energy source. It may take a few

days to adapt. During this period you may experience some side effects, largely due to

fluid shifts which occur.

Possible side effects include:
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During the first few days

Throughout the 8 weeks

Headache: Ensure fluid requirements
are met; use over the counter

painkillers if required

Hunger: If it persists try moving the
timing of your meal replacements and
vegetables to avoid long gaps. A drink

of sparkling water also helps to fill you

up

Dizziness: Ensure fluid requirements
are met; take your time when standing
up or changing position; see your GP
for review if taking medication to

lower blood pressure

Constipation: Largely prevenTable with
adequate fluid, fibre and movement.
Ensure you are eating your vegetable
allowance each day; drink adequate
fluid; undertaking some gentle
activity; see your GP if constipation

persists.

Tiredness: Plan to start the diet when
you don’t have any strenuous
activities planned for the first few
days. Weight loss will come from the
cut in calories so you can take it easy
until you are used to the diet and your
energy levels increase (usually after

the first couple of days).

Increased sensitivity to cold: A result of
reduced body fat which provides extra
insulation. Wrap up warm, have
warming drinks such as tea/coffee, try
meal replacement soups instead of

shakes.

Hunger: This usually wears off after

the first few days. Keep busy to take
your mind off food — go for a walk or
do some jobs around the house that

you keep putting off.

Hair loss: Some people may
experience hair loss/thinning, usually
around 2-3 months after starting the
VLCD. This is a result of more hairs
being in the ‘falling out’ stage (rather
than the growing stage) at the same
time. It is temporary and your hair will

grow back normally in time.
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Many of the above can be helped by having some additional salt (equivalent to a
level teaspoon) in your first few days. Add a little salt or soy sauce to your vegetables

or try a drink of Bovril or vegetable bouillon (stock) twice a day.

Vegetables

You should eat a total of 3 portions of vegetables every day. At least 1x portion of green
leafy vegetables plus 2x portions of other vegetables. Below is a list of vegetables you can
eat: Try them steamed, grilled, dry fried, stir fried or wrapped in tin foil and roasted in the

oven. Try to avoid boiling as nutrients will be lost in the cooking water.

Green Leafy Vegetables (1x 80g portion):

Cabbage Spinach Kale Broccoli

Pak Choi Kohlrabi Swiss Chard Collard greens

Other vegetables (Max 2x 80g portions):

Onions/shallots | Bean Carrots Lettuce Leeks Mushrooms
Sprouts

Peppers Artichoke | Radish Water Brussel Turnip/Swede

Chestnuts sprouts

Aubergine Spring Celeriac Fresh/tin Courgette Peas
onion tomatoes

Okra Sugar-snap | Cauliflower | Asparagus Green Fennel
peas beans

o Avoid: potato, sweet potato, parsnip, sweet corn squash, yam, avocado, olives, nuts,
seeds,

pulses, fruit, coleslaw

Herbs, Spices and Flavourings
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Eating vegetables need not be boring and so the following Tables give examples of how to

add flavour to your veg as well as recipe ideas to get you started.

Basil Lemon/lime Parsley Oregano Balsamic vinegar
juice

Tarragon Chilli powder Cinnamon Rosemary Curry powder

Thyme Dried chillies Fresh Chillies | Coriander Ginger

Turmeric Garlic Cumin Black pepper Sage

Harissa paste | Soy sauce Malt vinegar Piri Piri seasoning | Chinese 5 spice

1tsp vegetable or | 1tbsp light salad 5g butter/ 1tsp coconut oil | 1tsp Olive oil

rapeseed oil dressing margarine

Dressings, Fats and Oils (Max 1 portion/day)

Dressings and oils are high in calories and so either low calorie or only small amounts should
be used during the diet. A small amount of fat adds flavour however and helps absorption of

fat soluble vitamins.
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Return to normal eating

Once you have completed the 8-week VLCD you are ready for the next stage, where you will
return to eating normal foodstuffs. It can be difficult to know what to eat and how much,
especially if you have lost and regained weight in the past. We advise taking things one step at a
time, reintroducing meals over a 2-week period as you gradually cut down on the diet
replacement products (soups and shakes). This is the perfect time to improve the quality and
variety of your diet by trying new foods

Step 1.

Snack Ideas

» Sugar snap peas/mange tout
» Kale crisps
10 Mix 2 handfuls kale with 1tsp oil, pinch smoked paprika, salt and pepper
1 Spread on a baking tray and bake at 150°C for 15minutes.
7 Sprinkle with lemon juice and zest
» Handful cherry tomatoes
» Cubes raw turnip
» Carrot and celery sticks with homemade salsa
1 For the salsa, finely chop 4 fresh plum tomatoes, 1 bunch of rocket and 1 bunch of
flat leafed parsley and mix together

1 Chop carrots and celery into 4cm sticks and dip in the salsal
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Recipe Ideas

Pea and spinach soup (3 veg portions)

Ingredients

e 1 tsp olive oil

e Y onion, finely chopped
1 garlic clove, chopped

80g fresh peas, podded
80g baby spinach

300ml hot vegetable stock

1 tbsp chopped fresh chives

salt and freshly ground black pepper

1.

Method

Heat the olive oil in a saucepan, add
the onion and fry gently until softened
but not coloured. Add the garlic and
fry for one minute.

Add the peas, spinach and hot stock
and bring to the boil. Reduce the heat
and simmer for eight minutes, or until
the peas are tender. Season with salt
and freshly ground black pepper and
blend with a hand-blender until
smooth.

To serve, pour into a bowl and garnish
with chopped fresh chives and a

drizzle of olive oil.

Aubergine salad (serves 2; 3 veg portions per serving)
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Ingredients

1 medium aubergine (240g)

40g spring onions

40g cherry tomatoes, cut into quarters
80g small red pepper, deseeded and
finely diced

80g small green pepper, deseeded and
finely diced

1 tbsp chopped fresh mint

Dressing:

juice % lemon

% small red chilli (deseeded if you don’t
like it too hot), finely chopped
(optional)

1 small garlic clove, crushed

1 tbsp extra virgin olive oil

Method
1. Heat oven to 200C/180C fan/gas 6

and line a baking tray with foil. Prick
the aubergine with a sharp knife to
prevent it from exploding, then put
it on the prepared tray and roast for
45-55 mins until the skin is wrinkled
and it is very soft.

While the aubergine is roasting,
make the dressing. Mix together the
lemon juice, chilli, if using, garlic and
olive oil in a bowl. Season and set
aside.

When the aubergine is cool enough
to handle, peel and placeitin a
colander. Press down on it very
gently over a bowl to allow the
juices to run out, then transfer the
aubergine to a serving plate and cut
into large pieces. Dress quickly with
half of the dressing, then add the
spring onions, cherry tomatoes and
peppers to the plate. Pour over the
remaining dressing and mix with
your hands or a spoon to coat. Serve

warm, scattered with mint.
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Indian spiced greens (serves 2; 2 veg portions per serving)

Ingredients
e 2 tsp vegetable oil

e Y tsp cumin seed

e ¥ tsp mustard seed

e 0-2 green chillies (depending on
taste) finely chopped

e large piece fresh root ginger

e Y tsp turmeric

e 240g shredded greens, such as kale,
Brussel sprouts, or any other

e 80g peas

e Juice 1/2 lemon

e Y tsp ground coriander

e small bunch coriander, roughly

chopped

Method

1. Heat the oil in a large non-stick pan or
wok, sizzle the cumin and mustard seeds
for 1 min, then add the chilli, ginger and
turmeric. Fry until aromatic, then add the
greens, a pinch of salt, a splash of water
and the peas.

2. Cover the pan and cook for 4-5 mins
until the greens have wilted. Add the
lemon juice, ground coriander and half the
fresh coriander then toss everything
together. Pile into a serving dish and

scatter with the rest of the coriander.

Cauliflower rice (80g = 1 veg portion)

Ingredients

e 1 medium cauliflower
e good handful coriander, chopped

e cumin seeds, toasted (optional)

Method

1. Cut the hard core and stalks from the
cauliflower and pulse the rest in a food
processor to make grains the size of
rice. Tip into a heatproof bowl, cover
with cling film, then pierce and
microwave for 7 mins on High — there is
no need to add any water. Stir in the
coriander. For spicier rice, add some

toasted cumin seeds.
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Vegetable curry (serves 4; 2 veg portions per serving)

Ingredients

1 tbsp vegetable oil

1 large onion, thickly sliced
1 large garlic clove, crushed
2 tbsp curry powder

2 large carrots, thickly sliced
200g turnip, cut into chunks
400g can chopped tomato

425ml hot vegetable stock

4 tbsp chopped coriander, plus extra

to serve

1.

Method

Heat the oil in a large pan, then add the
onion and garlic and cook gently,
stirring occasionally, until the onion
softens, about 5-8 minutes. Stir in the
curry powder.

Tip the fresh vegetables into the pan
and add the tomatoes and stock. Stir in
3 tbsp of the coriander. Bring to the
boil, turn the heat to low, put the lid on
and cook for half an hour.

Remove the lid and cook for another 20
minutes until the vegetables are soft
and the liquid has reduced a little.
There should be some liquid remaining,
but not too much. Season with salt and
pepper.

Ladle the curry onto cauliflower rice
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Appendix |: Nutritional breakdown of Optifast meal replacement products

Typical values

Per 100g

Per 54gin

200ml of water

Energy kl/kcal 1620/385 875/208
Protein (34% kcal) g 32.4 17.5
Carbohydrates (43% kcal) g 41.7 22.5
of which sugars g 34.2 18.5
Fat (19.5% kcal) g 8.3 4.5
of which saturates g 2.9 1.6
of which monounsaturates g 2.9 1.6
of which polyunsaturates g 2.5 1.35
linoleic acid g 2.1 1.13
Omega-3 g 0.4 0.21
Fibre (3.5% kcal) g 6.7 3.6

A pgRE 830 448
D ug 4.4 2.4
E mga-TE 20.8 11
Kpg 55 30
Cmg 80 43
B1 (Thiamin) mg 1.2 0.65
B2 (Riboflavin) mg 1.6 0.86
B6 mg 1.4 0.76
Niacin mg NE 24 13
Folic acid pg 230 124
B12 pg 2.6 1.4
Pantothenic acid mg 6 3.2
Biotin ug 25 13.5
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Sodium g/mmol 0.36/15.6 0.19/8.3
Chloride mg/mmol 470/13.2 254/7.1
Potassium mg/mmol 1500/38.4 810/20.7
Calcium mg/mmol 650/16.3 351/8.8
Phosphorus mg/mmol 620/20 335/10.8
Magnesium mg/mmol 230/9.5 124/5.1
Iron mg 11 5.9

Zinc mg 10.6 5.7
Copper ug 1 0.54
lodine pg 180 97
Selenium ug 60 324
Manganese mg 1 0.54
Chromium pg 110 59.4
Molybdenum pg 80 43.2
Fluoride mg 560 302
Osmolality mOsm/kg 600
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Appendix J: Protocols for management of inadequate blood glucose control and blood

pressure

Adapted from the DIRECT protocol:

Leslie, W.S., Ford, 1., Sattar, N. et al. The Diabetes Remission Clinical Trial (DiRECT): protocol
for a cluster randomised trial. BMC Fam Pract 17, 20 (2016).
https://doi.org/10.1186/s12875-016-0406-2

Antihyperensive drugs

1. Inthe first 2 weeks after stopping antihypertensive and diuretic medication:

If systolic BP >165 mmHg on repeated measurement - restart one drug, as below.

2. Thereafter, if systolic BP is >140 mmHg - restart one drug as below.

Increase dose weekly to achieve target.
If systolic BP remains >140 mmHg on the first drug - add a second drug, as below.

Increase dose weekly to achieve target.

o v s~ W

Repeat as necessary with third, fourth or more drugs (increasing each to maximum

dose).

Order of reintroduction (previously used drugs)

1. ACE inhibitors (ramipril. lisinopril, perindropril, etc.)

2. Angiotensin receptor blockers (irbesartan, candesartan etc.)

3. Thiazide (bendroflumethazide, indapamide etc.)

4. Spironolactone

5. Calcium channel blocker (nifedipine, amlodipine etc.)
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6. Beta blocker (atenolol, labetolol etc.)

7. Alpha blocker (doxazosin, prazosin)

8. All others

Glucose control

1. After 2 weeks of VLCD if osmotic symptoms (thirst, polyuria) are troublesome or if
random capillary glucose is over 20 mmol, check HBA1c and that weight loss is as
anticipated.

2. Ifitis not, discuss whether any other help would be helpful with following the low
calorie liquid diet.

3. If weight loss is satisfactory but control is still inadequate, consider introducing an
oral hypoglycaemic agent.

4. Start at the lowest dose and increase gradually.

5. Subsequently, if control remains poor, add further agents

6. Urge further weight loss at each visit

Order for reintroduction of anti-diabetic medications

1. Reintroduce metformin (500 mg bd). If this has previously caused Gl upset for the
individual, use the slow release preparation.

2. Increase metformin to a usual maximum of 1 g BD over 2—4 weeks

3. If a second agent is required, add sitagliptin 100 mg od.

4. |If, after 4 weeks, control is still inadequate, add gliclazide 80 mg od (or other
sulphonylurea if previously used, or if preferred).

5. Increase sulphonylurea dose gradually until glucose control is adequate

6. Use current diabetes guidelines if glucose control remains inadequate
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Appendix K: COREQ checklist for reporting qualitative data

COREQ (COnsolidated criteria for REporting Qualitative research) Checklist

A checklist of items that should be included in reports of qualitative research. You must
report the page number in your manuscript where you consider each of the items listed in
this checklist. If you have not included this information, either revise your manuscript

accordingly before submitting or note N/A.

Topic Item Guide Questions/Description Reported on
No. Page No.
Domain 1: Research
team and reflexivity
Personal characteristics
Interviewer/facilitator 1 Which author/s conducted the interview or focus group?
Credentials 2 What were the researcher’s credentials? E.g. PhD, MD
Occupation 3 What was their occupation at the time of the study?
Gender 4 Was the researcher male or female?
Experience and training 5 What experience or training did the researcher have?

Relationship with

participants

Relationship 6 Was a relationship established prior to study
established commencement?

Participant knowledge 7 What did the participants know about the researcher?
of the interviewer e.g. personal goals, reasons for doing the research
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Interviewer 8 What characteristics were reported about the inter

characteristics viewer/facilitator? e.g. Bias, assumptions, reasons and
interests in the research topic

Domain 2: Study

design

Theoretical framework

Methodological 9 What methodological orientation was stated to

orientation and Theory underpin the study? e.g.
grounded theory, discourse analysis, ethnography,
phenomenology, content analysis

Participant selection

Sampling 10 How were participants selected? e.g. purposive,
convenience, consecutive, snowball

Method of approach 11 How were participants approached? e.g. face-to-face,
telephone, mail, email

Sample size 12 How many participants were in the study?

Non-participation 13 How many people refused to participate or dropped
out? Reasons?

Setting

Setting of data 14 Where was the data collected? e.g. home, clinic,

collection workplace

Presence of 15 Was anyone else present besides the participants and

nonparticipants researchers?

Description of sample 16 What are the important characteristics of the sample?
e.g. demographic data, date

Data collection

Interview guide 17 Were questions, prompts, guides provided by the
authors? Was it pilot tested?

Repeat interviews 18 Were repeat inter views carried out? If yes, how many?
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Audio/visual recording 19 Did the research use audio or visual recording to collect
the data?
Field notes 20 Were field notes made during and/or after the inter
view or focus group?
Duration 21 What was the duration of the inter views or focus
group?
Data saturation 22 Was data saturation discussed?
Transcripts returned 23 Were transcripts returned to participants for comment
and/or
Topic Item Guide Questions/Description Reported
No. on Page
No.
correction?
Domain 3: analysis and
findings
Data analysis
Number of data coders 24 How many data coders coded the data?
Description of the 25 Did authors provide a description of the coding tree?
coding tree
Derivation of themes 26 Were themes identified in advance or derived from the
data?
Software 27 What software, if applicable, was used to manage the
data?
Participant checking 28 Did participants provide feedback on the findings?
Reporting
Quotations presented 29 Were participant quotations presented to illustrate the

themes/findings?

Was each quotation identified? e.g. participant number
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Data and findings 30 Was there consistency between the data presented and

consistent the findings?

Clarity of major themes 31 Were major themes clearly presented in the findings?

Clarity of minor themes 32 Is there a description of diverse cases or discussion of

minor themes?

Developed from: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. International Journal

for Quality in Health Care. 2007. Volume 19, Number 6: pp. 349 — 357

Once you have completed this checklist, please save a copy and upload it as part of your
submission. DO NOT include this checklist as part of the main manuscript document. It

must be uploaded as a separate file.
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Appendix L: UKELD and MELD normative values

Current and proposed mathematical models for organ allocation (Asrani and Kim, 2010)

Model Equation Notes

MELD 9.57 x loge(creatinine, mg/dl) + 3.78 x Lower limits of the individual

loge(total bilirubin, mg/dl) + 11.2 x components are bound by 1 and

loge(INR) + 6.43 creatinine is capped at 4 mg/dl
UKELD 5 x[1.5 x loge(INR) + 0.3 x Minimal listing criteria: projected 1

loge(creatinine, pmol/I) + 0.6 x year liver disease mortality without

loge(bilirubin, umol/l) - 13 x loge(serum  transplantation of >9% (UKELD >49)

sodium, mmol/I) + 70]

INR, international normalized ratio; MELD, model for end-stage liver disease; UKELD, United

Kingdom MELD.
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Appendix M: Topic guide used to guide focus group

Focus Group Questions

1. Could I start by asking if anyone has ever taken part in a home based exercise/ physical
activity programme before? (How did you find it?)- Was there anything you liked or disliked
about the programme?

2. Why did you chose a home-based programme? (What did you feel motivated you?)

3. If you were asked to complete an exercise programme at home, what sort of information
would you need to help you decide whether or not to do? (Prompt- benefits, time it will
take to do, an idea of what it would consist of, goals/ targets)

4. What are your thoughts about having a number of tests taken before and after an
exercise programme? These might include weight measurement, questionnaires asking

about your health and quality of life, waist measurement, grip strength test, CPEX)

5. What sort of extra support might be needed to complete a home based exercise
programme? (Prompt — equipment, support from another person who/ where from?)

6. What sort of equipment might be useful to help you to complete an exercise programme
at home?

7. What might be the main obstacles to completing a home based exercise programme?
(Prompt- other health issues, time, costs, emotional or practical support)

8. How do you feel about using technology to access or to provide information? (Prompt-
online diaries to record exercise, step counters and to see up to take videos or tips for

exercises)

9. What might be the issues with completing an exercise programme outside of the hospital
environment — if any? (Prompt: fear of exercising)

10. What would you hope to achieve from an exercise programme?

11. What would be the best way for you to learn how to complete the exercises within the
programme properly? (Prompt- shown in person, paper diagrams, online videos)
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Appendix N: Patient facing materials for the developed exercise programme described in

Chapter 6

Keeping active on the liver transplant waiting list; your personal exercise plan

Participant Information Guide

What is the purpose of this programme?
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Modern research has shown that patients who remain physically active and fit before their
liver transplant are less likely to suffer any complications during or after the transplant, and
are more likely to make a quicker recovery. Being in the fittest shape possible could help
your new liver work at it’s best following your transplant. Patients who need a liver
transplant often have a higher risk of developing Type 2 Diabetes, heart disease and certain

types of cancer, and keeping fit, active and strong can help reduce this risk.

This booklet is your personal, individualised exercise and activity plan, which you have had a
role in creating. This booklet can also be used to help you monitor your progress. It has also
been developed to keep you informed about the importance of this intervention and has

some important information and contact details.

Following the start of your programme, if you have any questions, or would like more
information about your personalised exercise plan, please use the contact details below. If
you feel like you struggle with your personal plan, or would like to increase the intensity,

please use the following contact information;

Email: j.h.scragg@ncl.ac.uk

Telephone: 0191 2088264

If you start to feel unwell during/ following exercise at any time, please stop immediately

and contact your healthcare team.
Beginning my programme

The time spent on the waiting list for a liver transplant can vary a lot between individuals.
The longer you can spend on improving your fitness by increasing your levels of activity and
exercise, the better, and the bigger the difference you’ll see following your transplant. For
example- you may be able to leave hospital sooner and may start feeling healthier and being
more active sooner after your transplant. Therefore, it is recommended to start increasing

your activity levels as soon as possible.
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There are lots of reasons why patients may need a liver transplant, and therefore patients
on the waiting list for a liver transplant will most likely vary a lot in how well or unwell they
feel. Some patients may be referred onwards for an individualised exercise or nutrition plan.
If you already exercise regularly or are very active, it is good to try and keep this up for as
long as possible. Following your operation, you will need a period of time to recover and you

should discuss returning to exercise with your doctor prior to restarting your exercise.

If you currently do not exercise regularly, it is advised to start with small amounts of activity
and low intensity exercises, and then gradually build this up to a manageable level over the
duration of your time on the waiting list. It is common that patients may start to feel worse
in the build up to their transplant and be less able to exercise to a high intensity, and
therefore is important to not overwork yourself, and keep exercising at a manageable level.
Similarly, if you start to feel more confused or unstable, it is important to adapt your
exercise to minimise the risk to yourself. For example, this may mean exercising with a

companion, or partaking in mainly floor based exercises.

People with liver disease can have days when their symptoms are worse and it is more
difficult to stay active. For example, ascites (fluid build up around the abdomen) and hepatic
encephalopathy (confusion) are common. Try and stay positive on these days, and try to
keep as active as possible. Over an extended period of time, if you are struggling maintain

your activity levels, please contact us using the available contact details.

Getting started

Your individualised exercise plan should include a combination of activities to improve your
cardiorespiratory system, by strengthening your heart and lungs, muscular exercises to help
build up the strength in your muscles and exercises designed to help you improve your

stability.

If you have any pre-existing muscular, joint or skeletal problems, then exercises that affect

those areas should be adapted or missed out entirely.
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During the programme, on the scale provided below, you should aim to be working at level

of 3 when doing your exercise.

Score How should this feel?
1 Resting
2 Easy
3 Getting harder but still comfortable
4 Hard
5 Unable to work any harder

Additionally, if you wish to monitor your activity using an alternative method, then you can

use the talk test.
Talk Test

The talk test is a simple way to measure how hard you’re working. In general, if you're doing

moderate-intensity activity you can talk, but not sing, during the activity. If you're doing

If you want to do your exercises outside of your home/ in the community, you can take this
booklet and show staff. This will give them a greater idea of what your fitness levels are
currently like and what exercises you have been doing.

vigorous-intensity activity, you will not be able to say more than a few words without

pausing for a breath.
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Your plan

Following your group training session, you should have an idea about what your exercise

plan will look like. Take a moment to write down your personalised plan below:
Cardiorespiratory:
Muscular:

Stability:

At the end of the leaflet, there are tables where you can document how much exercise you have
done, and how hard you worked when completing them. Each exercise comes with a code, for
example, C1. To make documenting your exercise easier, you can use these codes in the table. In
the table, there is also a score section- this is a score of how hard you worked doing that
exercise, as mentioned above.

Improving your cardiorespiratory fitness

It is important to improve your cardiorespiratory fitness (how efficiently your heart and
lungs work, and how efficiently your body uses oxygen) because people who need a liver
transplant could have a higher risk of developing heart disease or having a heart attack.
Improving your cardiorespiratory fitness therefore can reduce the risk of heart or lung

disease related complications before and after your transplant.

You can make small changes in your lifestyle to increase the amount of cardiovascular

activity you do, for example;

e Get off the bus or out a taxi a little earlier and walk part of the way to you
destination

e Walk instead of driving

e Park further away from your destination

e Try and walk for a bit longer when shopping
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e Use stairs instead of a lift, for at least one or two floors
e If you have a dog, walk it for a little longer than normal

e Increase your activity around the house, by increasing the amount of housework you

do

It is important to make small changes and set small targets in regards to increasing your

activity. Ensure that your target is realistic and achievable.

There are a variety of exercises that benefit your heart and lungs, including walking, jogging,
cycling (using an exercise bike if need be), swimming or climbing stairs. Any activity that
raises your heart rate or gets you a little breathless could be considered a cardiorespiratory

exercise.
Your cardiorespiratory exercises:

When partaking in cardiorespiratory exercises, ensure that you exercise to a point when you
are breathless but can still hold a conversation. If you don’t feel safe or comfortable
exercising alone, always exercise with a friend or family member. If you don’t feel well
balanced, your exercises will be predominately floor based, or modified to work within your

comfort zone.
Your plan: pick one of the following to do every day, for 10 minutes:

C1. Targeted walking times or step goals

If you have a pedometer, or have a
smart phone that counts your steps,
this is great way to measure your
activity throughout the day. However,
if you aim to spend a set amount of
time walking, this is also a good way

to incorporating cardiorespiratory

fitness into your day. If you don’t
know your staring fitness in terms of walking, start by setting aside ten minutes and seeing
for how long you can continuously walk around the house, and monitor how often you need

to take a break. If you need to take breaks, one of the first targets will be looking at reducing
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breaks/ time spent taking breaks. If you don’t find this challenging, you can increase the

time spent walking, and then look at increasing the intensity/ speed that you walk.

C2. Stair climbing or step-ups

If you have stairs at home, and feel comfortable/ stable when using them, you can use your
stairs to exercise. You can do this by repeatedly climbing the flight of stairs, or doing step
ups. This is a high intensity exercise so it may be more feasible to count how many stairs you
can climb without stopping using the talk test to identify how hard you’re working, or count
how many step-ups you can do (nb, count step ups by counting how many steps you climb

up, don’t include the steps that you climb down).

C3. Targeted swim distance/ swim time

Swimming will provide a low intensity, gentle exercise. This might be particularly good for
people with joint or back problems. Start gently and try to build the time or distance/ laps
that you can swim. For some people, even just walking around the pool will be challenging

enough.

C4. Exercise bike

Aim to start pedalling at a low resistance at
a low speed for the first few days to give
yourself an understanding of what your
body is capable of, and how it feels to do it
on sequential days. You can then gradually

work your way up to find a level that puts in

the right place on the talk test. When
progressing, initially aim to increase the time spent cycling, or the speed that you cycle, and

then then increase the resistance.

Improving your muscular strength:
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Patients with liver disease often lose a lot of muscle definition and muscular strength.
Alongside cardiorespiratory exercises, to strengthen the heart and lungs, it is important to
strengthen our skeletal muscles. These include our arms, legs and core stomach muscles.
Depending on the number of repetitions (reps) you do, and on your current level of fitness,
you may find that you start working your cardiorespiratory system. This is normal, but just
remember to not work harder than ‘hard but comfortable’. You can also use the talk test in

these exercises.
Important things to remember:

e As with cardiovascular activity, it is important to set yourself targets and discover
what your current ability is. To build up strength, we will increase the reps that you
do, or increase the weight of some household items which we can use to build
strength.

e If you have any pre-existing conditions (including those that might affect your arms,
legs, back or hip) that might affect your exercises, let us know and we may be able to
modify exercises to suit your needs or you may be referred to a physiotherapist for a
modified programme.

e You may find some exercises harder than others. This may be because they’re
working different muscles- this is normal and do not worry. Try and work within your
comfortable limits.

e If any of the exercises make you feel unwell in any way, please stop and rest. When
you feel rested, try to move onto the next exercise, but if you still feel unwell after
10 minutes, then stop your exercises for the day.

e Try and keep each movement controlled, and try not to rely on momentum too
much.

e Some exercises ask you to hold a position for a period of time- try to not count too
quickly, and if you can’t hold for the targeted length of time, that is fine, rest and aim

to build up to your target.

Your plan: pick 5 of the following to do, 2-3 days per week (in addition to your cardio

exercises).
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Your muscular strength exercises:

Bicep curls- one bicep at a time (M1)

Stand with your feet apart at about shoulder width apart, or sit in an upright and
comfortable position. Hold your arms out in front of you, parallel to the floor with
palms facing upwards, and slowly bend one arm until your hand reaches your
shoulder. Repeat this with the other hand.

Start with 5 repetitions for each arm.

Progress this by holding increasing weight- water bottles with measured amount of
liquid can help document progress, for example, empty water bottle- 100ml- 300ml-
600ml- 1L. You can also use other household items, such as a can of beans or bags of

sugar.

Forward shoulder raises- one arm at a time (M2)

Stand with your feet shoulder width apart, or sit comfortably in an upright position
on a chair. Start with your arms relaxed and by your sides. Slowly raise your arm
(straight) and hold it out in front of you at shoulder level. Hold for a count of 5 and

slowly lower it to its starting position. Repeat with the other arm.

Progress this by holding for longer, or holding a small weight in your hand while you

do this, such as those mentioned above.

Sideways shoulder raises- one arm at a time (M3)

Stand with your feet shoulder width apart, or sit comfortably in an upright position
on a chair. Start with your arms relaxed and by your sides. Slowly raise your arm
(straight) and hold it outwards at shoulder level. Hold for a count of 5 and slowly

lower it to it’s starting position. Repeat with the other arm.

Progress this by holding for longer, or holding a small weight in your hand while you

do this, such as those mentioned above.
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Overhead arms (M4)

Sit or stand with arms on chest. Raise one arm straight above your head. Hold for 5,

and slowly lower your arm back to your chest. Repeat with other arm.

Progress this by increasing time that arms can be held overhead, or can be

progressed to doing this with weights such as water bottles, as above.

Wall press ups (M5)

Stand facing a wall with your hands at
shoulder height, touching wall. Start with
your feet shoulder width apart. With your
arms pressed against the wall, slowly bend
your arms like a press up to bring your body

closer to the wall, like a press up. Aim to do

10 to start with.

Progress this increasing the number of press ups you do.

Assisted squats (M6)

Stand upright behind a chair, or other supportive furniture. Hold onto the chair with
both hands for support. Slowly bend your knees and keep your back straight and
heels on the floor. Hold this for a count of 5 and then push your legs straight to come

back into a stand position. Aim to do 5 reps.

Progress this by holding for longer count or increasing repetitions.

Squat against wall (M7)

Stand approximately a foot away from a wall, with your back facing towards it. Rest
your back against the wall, keeping it straight. Set your feet shoulder width apart and

slowly bend them, keeping your back against the wall. Go as low as you can until you
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feel your legs working and hold this for a count of five to start with. You can walk

your feet out, further away from the wall, if need be.

Progress this by increasing the amount of time you can hold this for, or by going

slightly lower (don’t go any lower than knees bent to a right angle).

Heel raises (M8) \ h
Stand upright behind a chair, and hold onto the back g q

of the chair with both hands for support. With feet
slightly apart, push up onto your tip toes and hold for
a count of five. Aim for five repetitions.
il H
Progress this by increasing repetitions, or to unassisted to gain improvements in

balance, if you feel comfortable.

Leg lifts- side and back (M9)

Stand upright behind a chair, and hold firmly onto the back
with both hands. Lift one leg out to the side, trying to keep
it straight, and hold for a count of five. Lower it back to its
starting position. Repeat this but lift leg to the back, and

hold for a count of five.

Progress this by increasing repetitions or time holding leg at highest point. Try to

remember to keep your stomach in the starting position and to not lean.
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e Sjt to stand (M10)

Sit on a firm chair (such as a dining room
chair). Stand up and sit back down, trying to
avoid using your arms, if possible. See how
many times you can do this within a 30
second period. If you need to take a rest,

that’s fine.

Progress this by seeing if you can reduce the
amount of rests you take within a 30 second period. Once you have no rests- see

how many you can do in a minute and gradually try to increase that.

e Ball seated leg raises (M11)

Sit on a firm chair and place a ball (about football sized) between your feet on the
floor. Squeeze your feet together and straighten them so your legs are straight out

ahead of you. Hold for a count of five, and repeat for five repetitions.

Progress this by repeating repetitions.

Some days you may not be able to exercise to the same level as you have done on
previous days. It also may take a while to notice a difference, depending on how fit or
unwell you might be. Therefore it can be very helpful to record your exercises that you
have completed in the table below, to remind yourself that your activity levels are
increasing.

Stability

Stability is a measure of how balanced you feel when standing up and moving around. For
some people who are very unwell, their stability can often be quite poor. The exercises
listed below (taken from the muscular strength exercises) can help improve balance. Try to

do at least one of these per day:

e M6
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e MI10

Your goals and targets:

We ask that you try and think of some goals, to help determine what you would like to
achieve from the exercise programme. Ideally, all the goals should be SMART goals (Specific,
measurable, agreed-upon, realistic, time-based). To do this, we ask that you think about
HOW you are going to achieve your goals, and to think about what will motivate you to
work towards achieving them. It is also important to think about having a back up plan, for

an example, see below:

My goals are:

Example: improve my fitness

To achieve these goals, | will:

Example: partake in my exercise plan every day, and log my exercise in my exercise diary
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Things that might stop me working towards my goals. How will | prevent this/ what is my

back up plan?

Example: If | am tired or busy | might not have time to exercise. | will prevent this by
breaking my exercise up into segments throughout the day, or by asking a friend/ partner to

exercise with me.

| want to achieve these goals because:

Example: | want to be able to take part in social activities with my family

If | achieve these goals, | will be able to:

Example: go shopping with friends
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Other thoughts/ notes:

Your exercise diary:

Week commencing:

Cardio Score Muscul | Score Stabilit | Score
Exercises ar y
Exercis Exercis
es es
Monday
Tuesday
Wednesd
ay
Thursday
Friday
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Saturday

Sunday

355




	Abstract
	Acknowledgments
	Publications and conference proceedings arising from this thesis
	Table of Contents
	List of Figures
	List of Tables
	Introduction
	Contributions from myself, research team members and other collaborators towards the data presented within this thesis

	1. Chapter 1: Literature Review
	1.1. General Introduction
	1.2. Non-Alcoholic Fatty Liver Disease
	1.2.1. Clinical Presentations
	1.2.2. Pathogenesis of NAFLD
	1.2.3. NAFLD and insulin resistance
	1.2.4. NAFLD and Comorbidities
	1.2.5. Defining the NAFLD population
	1.2.6. Limitations of Research within NAFLD Populations
	1.2.7. NAFLD and genetics
	1.2.8. Pharmacological treatments for NAFLD
	1.2.9. Review of guidelines for the treatment of NAFLD using lifestyle interventions

	1.3. The evidence for lifestyle interventions (Diet and Exercise) in NAFLD
	1.3.1. Weight loss
	1.3.2. Diet
	1.3.3. Physical activity/exercise
	1.3.4. Combined diet and physical activity
	1.3.5. Recommendations for weight loss in NAFLD
	1.3.6. Problems with sustaining weight loss

	1.4. Very low calorie diet
	1.4.1. VLCD and weight loss
	1.4.2. VLCD and Quality of Life
	1.4.3. Very low calorie diet: guidelines
	1.4.4. Very low calorie diet and NAFLD
	1.4.4.1. VLCD and NAFLD Physiology
	1.4.4.2. Usage of VLCD within NAFLD to date

	1.4.5. Acceptability of a very low calorie diet

	1.5. Liver Transplant
	1.
	1.1.
	1.2.
	1.3.
	1.4.
	1.5.
	1.5.1. Review of Liver Transplant Guidelines
	1.5.1.1. Comorbidities associated with those awaiting liver transplant
	1.
	1.1.
	1.2.
	1.3.
	1.4.
	1.5.
	1.5.1.
	1.5.1.1.
	1.5.1.2. Physical Activity
	1.5.1.3. Diet
	1.5.1.4. Alcohol and Tobacco use

	1.5.2. Pre-transplant cohorts
	1.5.3. Physical Activity and Exercise Interventions Pre-transplant

	1.6. Summary of Literature Review
	1.7. Summary of experimental hypotheses and aims

	2. Chapter 2: General Methodology
	2.1. Introduction
	2.1.1. Recruitment strategy
	2.1.2. VLCD study

	2.2. Informed consent process
	2.3. Adverse events
	2.4. Qualitative data
	2.5. Physical examination
	2.6. Whole Body Composition
	2.
	2.1.
	2.2.
	2.3.
	2.4.
	2.5.
	2.6.
	2.7. Liver Stiffness
	2.8. Blood samples
	2.8.1. Glucose
	2.8.2. Alkaline Phosphatase
	2.8.3. Alanine Aminotransferase (ALT) and Aspartate Aminotransferase (AST)
	2.8.4. Gamma-Glutamyl Transferase (GGT)
	2.8.5. Full Blood Count
	2.8.6. Albumin
	2.8.7. Cholesterol
	2.8.8. Triglycerides
	2.8.9. Lipoproteins
	2.8.10. Insulin
	2.8.11. HbA1c

	2.9. Measures of deprivation
	2.10. Quality of Life
	2.10.1. Quality of Life
	2.10.2. Weight-Related Symptom Measure

	2.11. Physical Activity and Sleep
	2.11.1. NAFLD cohort
	2.11.2. Healthy controls
	2.11.3. Analyses of physical activity and sleep data

	2.12. Health risk
	2.12.1. Qrisk2
	2.12.2. Homeostasis model assessment of insulin resistance (HOMA-IR)
	2.12.3. NAFLD fibrosis Score
	2.12.4. Fibrosis-4 score

	2.13. Statistical analysis
	2.14. LIFT study
	2.14.1. Recruitment
	2.14.2. Focus groups
	2.14.3. Cohort Analysis


	3 Chapter 3: Feasibility of a very low calorie diet to achieve a sustainable 10% weight loss in patients with non-alcoholic fatty liver disease
	Abstract
	3.1 Introduction
	3.2 Patients and Methods
	3.2.1 Study design and sample size
	3.
	3.1.
	3.2.
	3.2.1.
	3.2.2. Recruitment and patients
	3.2.3. Inclusion criteria
	3.2.4. Exclusion criteria
	3.2.5. Ethical approval
	3.2.6. Study outcomes
	3.2.7. Anthropometry
	3.2.8. Blood samples
	3.2.9. Liver stiffness
	3.2.10. Non-invasive risk scores
	3.2.11. Quality of life

	3.3.  Intervention protocol
	3.3.1. VLCD Intervention
	3.3.2. Food reintroduction
	3.3.3. Weight maintenance
	3.3.4. Changes to medication and safety measures

	3.4. Data analysis
	3.5. Results
	3.5.1. Primary outcomes
	3.5.1.1. Adherence to the intervention and fidelity of intervention delivery
	3.5.1.2. Irrespective of completion (IOC) analysis of weight change at 9-months
	3.5.1.3. IOC analysis of weight change post-VLCD phase
	3.5.1.4. Adverse events
	3.5.1.5. Baseline characteristics
	3.5.1.6.  Per-protocol analysis of weight and body composition outcomes

	3.5.2. Secondary outcomes
	3.5.2.1. Liver health
	3.5.2.2. Metabolic control
	3.5.2.2.1. Discrepancies between insulin analyses

	3.5.2.3. Cardiovascular disease (CVD) risk
	3.5.2.4. Quality of life (QoL)

	3.5.3. Analyses of drop outs
	3.5.4. The effect of losing </>10% body weight: an exploratory analyses
	3.5.4.1. Side effects
	3.5.4.2. Baseline characteristics
	3.5.4.3. Early weight loss as a predictor of achieving >10% weight loss
	3.5.4.4. Liver health
	3.5.4.5. Metabolic control
	3.5.4.6. Cardiovascular disease risk
	3.5.4.7. Quality of life

	3.5.5. Exploring the correlations between weight loss and secondary outcomes
	3.5.5.1. Liver health
	3.5.5.2. Metabolic control
	3.5.5.3. Cardiovascular disease risk
	3.5.5.4. Quality of life

	3.5.6. The effect of a VLCD on patients with advanced NAFLD and T2DM: an exploratory analyses

	3.6.  Discussion
	3.6.1. Primary and secondary outcomes
	3.6.2. Analyses of patients who withdrew from the study
	3.6.3. Achievement of 10% weight loss
	3.6.4. Correlations between measured variables and weight loss
	3.6.5. The effect of a VLCD on patients with NAFLD and T2DM

	3.7. Study limitations
	3.8.  Conclusions

	4. Factors associated with engagement and adherence to a very low calorie diet to achieve significant weight loss in patients with advanced non-alcoholic fatty liver disease: A qualitative interview study
	Abstract
	4.1. Introduction
	4.2. Methods
	4.2.1. Intervention
	4.2.2. Design
	4.2.3. Participants
	4.2.4. Study procedure
	4.2.5. Materials
	4.2.6. Methodological Quality and reporting
	4.2.7. Data analysis

	4.3. Results
	4.3.1. Recruitment and retention
	4.3.2. Major and minor themes
	4.3.3. Association between contact time and adherence

	4.4. Discussion
	4.4.1. Limitations

	4.5. Conclusions

	5. Objectively measured physical activity and sleep in an advanced NAFLD cohort
	Abstract
	5.1. Introduction
	5.2. Methods
	5.2.1. Recruitment and inclusion/exclusion criteria
	5.2.2. Accelerometer data analysis
	5.2.3. Statistical Analyses

	5.3. Results
	5.3.1. NAFLD cohort vs. healthy cohort
	5.3.1.1. Characteristics of subjects and available data
	5.3.1.2. Wear time
	5.3.1.3. Inactivity and activity levels
	5.3.1.4. Sleep data
	5.3.1.5. Correlations between BMI and physical activity

	5.3.2. Changes in PA levels and sleep following a VLCD
	5.3.2.1. Available data
	5.3.2.2. Activity levels
	5.3.2.3. Sleep data


	5.4. Discussion
	5.4.1. NAFLD vs. healthy controls
	5.4.1.1. Physical activity
	5.4.1.2. Inactivity
	5.4.1.3. Sleep
	5.4.1.4. Controlling for BMI

	5.4.2. Physical activity, inactivity and sleep throughout a VLCD intervention
	5.4.2.1. Physical Activity
	5.4.2.2. Inactivity
	5.4.2.3. Sleep

	5.4.3. Strengths
	5.4.4. Limitations

	5.5. Conclusions

	6. Assessing the needs of patients awaiting liver transplantation:  Development of a targeted exercise intervention
	Abstract
	6.1. Outline of Chapter
	6.2. Phase one: retrospective cohort analysis
	6.2.1. Introduction
	6.2.2. Methodology
	6.2.3. Data collection
	6.2.4. Data analysis
	6.2.5. Lifestyle and functional measurements
	6.2.6. Statistical analysis

	6.3. Results
	6.3.1. Patient characteristics
	6.3.2. Liver disease characteristics
	6.3.3. Lifestyle characteristics and functional capacity
	6.3.4. Non-listed population (See Figures 6.1 and 6.2)
	6.3.4.1. Listed Population
	6.3.4.2. Non-listed Population

	6.3.5. Discussion
	6.3.5.1. Non-listed population
	6.3.5.2. The role of the cohort analysis for informing the exercise intervention

	6.3.6. Conclusion

	6.4. Phase two: development of the exercise intervention
	6.4.1. Introduction
	6.4.2.  Methods
	6.4.2.1. Stage 1: exploratory work
	6.4.2.1.1. Results: focus group discussion
	6.4.2.1.2. Characteristics of attendees of the initial focus group
	6.4.2.1.3. Conclusions of exploratory work

	6.4.2.2. Stage 2: second focus group
	6.4.2.2.1. Second focus group
	6.4.2.2.2. Key findings of the second focus group
	6.4.2.2.3. Conclusions from the second focus group
	6.4.2.2.4. Development of alpha prototype intervention

	6.4.2.3. Stage 3: presentation of alpha prototype intervention

	6.4.3. The intervention development process
	6.4.3.1. Consultation
	6.4.3.2. Establishment of intervention
	6.4.3.3. Commencement of intervention
	6.4.3.4. Patient facing materials
	6.4.3.5. Individualisation of the intervention

	6.4.4. Discussion
	6.4.4.1. Development of the exercise intervention
	6.4.4.2. Limitations

	6.4.5. Conclusions


	7. Chapter 7: General Discussion
	7.1. Summary
	7.2. Acceptability and feasibility of a VLCD to achieve significant sustained weight loss in patients with NAFLD
	7.3. Factors associated with engagement and adherence to a VLCD to achieve significant weight loss in patients with NAFLD
	7.4. Objectively measured physical activity and sleep data in a NAFLD cohort
	7.5. The development of an exercise programme for patients waitlisted for liver transplantation
	7.6. Limitations of the studies presented within this thesis
	7.7. Conclusions

	References
	Appendices
	Appendix A: Analysis of QOL and WRSM data
	Appendix B: Patient Information sheet for patients within the studies presented in Chapters 3,4 and 5.
	Appendix C: Consent form for the study presented in Chapters 3,4 and 5
	Appendix D: GP letter
	Appendix E: Semi-structured topic guide used to facilitate 1-2-1 interviews post VLCD intervention
	Appendix F: Obesity and Weight-loss Quality-of-Life (OWLQOL) instrument used to measure quality of life with the study described in Chapters 3 and 4
	Appendix G: Data collected at each study visit
	Appendix H: Newcastle Diet Plan
	Appendix I: Nutritional breakdown of Optifast meal replacement products
	Appendix J: Protocols for management of inadequate blood glucose control and blood pressure
	Appendix K: COREQ checklist for reporting qualitative data
	Appendix L: UKELD and MELD normative values
	Appendix M: Topic guide used to guide focus group
	Appendix N: Patient facing materials for the developed exercise programme described in Chapter 6


