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Abstract 
 

Background: Familial hypercholesterolaemia (FH) is a genetic disorder characterised 

by elevated low-density lipoprotein cholesterol (LDL-C) levels and increased risk of 

cardiovascular disease (CVD). Clinical guidelines advocate dietary and physical 

activity recommendations adjuvant to life-long pharmacological treatment. However, 

there is a lack of evidence to support the effectiveness of diet and physical activity in 

the treatment of FH.  

  

Aim: The aim of this thesis was to develop and evaluate an intervention targeting the 

dietary and physical activity behaviours of children and their parent who are affected 

by FH. Following the Medical Research Council guidance for the development and 

evaluation of complex interventions, this was addressed through four studies.  

 

Methods and results: Study one summarised the existing evidence base for the role 

of diet and physical activity in the treatment of FH. Study two synthesised the 

qualitative evidence regarding the experiences and beliefs of individuals with FH and 

identified several enablers and barriers to treatment adherence. This informed 

suggestions for clinical practice that could facilitate optimal treatment adherence. In 

study three, a theoretical framework was applied to the findings of study two to 

develop an intervention targeting dietary and physical activity behaviours of 

individuals with FH. Twenty-six behaviour change techniques were identified for 

inclusion in the intervention to target the theoretical constructs identified to influence 

behaviour. Study four was a randomised, controlled feasibility trial (n=21 families) 

that found it is feasible to recruit, randomise and retain families with FH and to 

implement and evaluate the intervention designed in study two. The results also 

provide evidence that the intervention may be associated with improvements in CVD 

risk factors, including LDL-C.  

 

Conclusion: The intervention development and evaluation undertaken for this thesis 

has provided the evidence required ahead of conducting a definitive randomised 

controlled trial (RCT). This RCT will be adequately powered to evaluate the potential 

effectiveness of diet and physical activity treatment recommendations on LDL-C 

treatment goals and CVD risk amongst individuals with FH.  
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Chapter 1 

Introduction 

1.1. Overview of familial hypercholesterolaemia  

Familial hypercholesterolaemia is one of the most common genetic diseases, 

characterised by elevated levels of low-density lipoprotein cholesterol (LDL-C) in 

plasma. (1) It is caused by a pathogenic genetic variant, most commonly located in 

one of three genes coding for proteins responsible for the removal of LDL-C from the 

circulation. (2) If left untreated, this life-long exposure to elevated LDL-C accelerates 

the development of atherosclerosis and increases the risk of premature cardiovascular 

disease (CVD). (3, 4) The homozygous genotype, in which the pathogenic variant is 

found in both alleles of the gene, is very rare. (5) This thesis will focus upon the more 

common heterozygous genotype of familial hypercholesterolaemia, henceforth to be 

referred to as FH, which is estimated to affect 1 in 250-300 people worldwide. (6-8) It 

is almost exclusively present as an autosomal dominant disease, meaning affected 

individuals will have one affected parent and have a 50% chance of passing the 

disorder to their children. (2) There is no cure for FH and the main aim of treatment is 

to lower LDL-C levels to reduce CVD risk through lifelong pharmacological and 

lifestyle treatment. (9) 

 

1.2. Cholesterol, lipoprotein metabolism and the development of CVD 

FH is a disorder of lipoprotein metabolism. (1) In order to understand the 

pathophysiology of FH, this section will first provide an overview of cholesterol, its 

transportation within lipoproteins, atherosclerosis and the development of CVD.  

 

1.2.1. Cholesterol 

Cholesterol is the major type of sterol, a form of lipid, in humans and is found in all 

body cells. It is an fundamental component of cell membranes and required for the 

production of all steroid hormones and bile acids. (10) Cholesterol exists as free 

cholesterol or in an esterified form called esters, which is the preferred format for 

storage and transportation. (10) A small amount of cholesterol is acquired from 

dietary sources, but most is synthesized endogenously through de novo synthesis. (11) 

The liver is principally responsible for maintaining cholesterol homeostasis and the de 

novo synthesis occurs mostly in hepatocytes and a small amount in peripheral cells. 
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(11) Acetyl-CoA is the primary substrate for synthesis, which undergoes a multi-step 

process to become cholesterol. (12) The process is regulated by several enzymes, the 

most important being 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase 

which is required for a rate-limiting step of the process. The activity of this enzyme is 

tightly regulated and responds to changes in cholesterol levels. (12) The cholesterol 

synthesised in hepatocytes is stored in the liver, transported to peripheral cells, or 

used in the production of bile acids. (13) 

 

1.2.1.1. Bile acids  

Bile acids are a constituent of bile, which is stored in the gall bladder. (13) The 

synthesis of bile acids and the secretion into bile, along with additional cholesterol, is 

the pathway through which most cholesterol is excreted from the body. (14) Bile 

acids are secreted from the liver and travel to the small intestine in bile where they are 

used to emulsify dietary lipids to allow them to be absorbed and digested. (15) Further 

along the small intestine, 95% of these bile acids will be reabsorbed and transported 

back to the liver and the remaining 5% are excreted from the body in faeces. (14) This 

‘enterohepatic recirculation’ means that the synthesis of bile acids from cholesterol is 

much lower than the rate at which they are secreted into bile. (13) 

 

1.2.2. Overview of lipoprotein metabolism and measurement  

Cholesterol, and other lipids such as triglycerides (TAGs), phospholipids, fat-soluble 

vitamins, phytosterols and free fatty acids, are insoluble in aqueous fluids and require 

transportation in lipoprotein particles. (10) The lipoprotein core is comprised of TAGs 

and cholesterol esters, surrounded by phospholipids, free cholesterol and 

apolipoproteins. (16) The apolipoproteins are situated on the surface and act as 

ligands for receptors and inhibit/activate enzymes involved in the metabolism of 

lipoproteins. (10) There are six principal classes of lipoproteins that are characterised 

by their size, density and component lipids as displayed in Table 1.1. (10, 16) Each 

class is a continuum of particles of varying sizes and densities, reflective of their 

changes in lipid content throughout the lipoprotein metabolism pathway. (17, 18) The 

lipids that are transported in the lipoproteins originate from exogenous sources 

(dietary intake), endogenous sources in hepatic cells or TAGs released from adipose 

tissue. (16) 
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Table 1.1 The six major classes of lipoprotein. (10, 16) 

Class 
Major 

apolipoproteins 

Location 

formed or 

produced 

Major lipid 

component(s) 
Size Density 

Chylomicron ApoB-48 Large intestine TAGs 

(from dietary fat) 

  
 

Chylomicron 

remnants 

ApoB-48 & 

ApoB-E 

Product of 

chylomicron 

metabolism 

 

Cholesterol esters 

VLDL ApoB-100 Liver TAGs 

(endogenously 

synthesized in 

liver) 

IDL ApoB-100 Produced 

during 

conversion 

from VLDL to 

LDL 

 

Cholesterol esters 

and TAGS 

 

LDL ApoB-100 Product of IDL 

metabolism 

 

Cholesterol esters 

HDL ApoA-1 and 

ApoA-11 

Liver Cholesterol esters 

and phospholipids 
TAGS, triglycerides; VLDL, very low density lipoprotein; IDL, intermediate density lipoprotein; LDL, low density lipoprotein; 

HDL, high density lipoprotein 

 

1.2.2.1. Exogenous lipoprotein metabolism  

Dietary fats, in the form of TAGs, are hydrolysed by lipase enzymes in the small 

intestine to become free fatty acids and mono-acylglycerol. (13) These are packaged 

together with other dietary sources of lipids into micelles, which are then transported 

to the intestinal cells. (16) Dietary cholesterol is also incorporated into these micelles, 

however most cholesterol in micelles is derived from endogenous sources such as bile 

salts and cholesterol excreted into bile from the liver. (13) Transportation of 

cholesterol from the micelles in the lumen of small intestine to the intestinal cells is 

dependent on a sterol transporter called NPC1L1. (19) A proportion of this cholesterol 

ends up being recycled back out of the intestinal cells into the lumen of the small 

intestine as bile acids, which are then transported back to the liver via the 

enterohepatic circulation. (20) The rest of the cholesterol is absorbed as free 

cholesterol or as cholesterol esters through the addition of a free fatty acid, facilitated 

by acyl-CoA cholesterol acyl transferase (ACAT). (13) 
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Once absorbed, the free fatty acids and mono-acylglycerols form into TAGs again and 

are absorbed into chylomicrons along with the cholesterol esters and free cholesterol. 

(16) These chylomicrons then circulate in the plasma, where the TAGs are hydrolysed 

by an enzyme called lipoprotein lipase (LPL) found on the endothelium of blood 

capillaries. This releases free fatty acids, which are taken up by cells. (13) As this 

process continues, the chylomicrons become chylomicron remnants. These 

lipoproteins are smaller, comprised mainly of cholesterol esters and are taken up by 

the liver via receptors on hepatic cells. (10) 

 

1.2.2.2. Endogenous lipoprotein metabolism  

The cholesterol esters returned to the liver in chylomicron remnants add to the pool of 

cholesterol obtained through the recycling of bile salts, uptake of other lipoproteins 

containing cholesterol esters and the production of cholesterol through de novo 

synthesis. (21) The cholesterol esters, along with TAGs, are combined with the 

apolipoprotein apoB-100 to become VLDL particles, which are secreted out of the 

liver into the circulation. (16) The composite TAGs are hydrolysed by LPL, releasing 

fatty acids, and the VLDL become IDL. (10) A fraction of the IDL binds to LDL-

receptors on hepatic cells and is removed from the circulation by LDL-receptor 

mediated endocytosis. (22) The remaining IDL remains in the circulation and the 

composite TAGs continue to be hydrolysed, transitioning into LDL. (10) The LDL, 

containing mostly cholesterol esters, are mostly removed from circulation via LDL-

receptor mediated endocytosis (23) with a small amount absorbed by peripheral 

tissues. (16) This removal from the circulation depends upon the binding of the 

ApoB-100 apolipoprotein on the surface of the LDL to the LDL-receptor. (13) 

 

The level of circulating LDL is determined primarily by the expression of LDL-

receptors on the surface of hepatic cells. (16, 23) Reduced expression results in lower 

numbers of LDL-receptors at the surface of hepatic cells, leading to reduced clearance 

of LDL. This will also decrease the clearance of IDL via LDL-receptors, which will 

stay in the circulation for longer and eventually become LDL. (23) Additionally, any 

malfunctioning LDL-receptors will be unable to bind to ApoB-100, which is 

necessary for LDL-receptor mediated endocytosis. (23) LDL-receptor expression is 

regulated by the cholesterol content of hepatic cells, mediated via activation or 

inhibition of proteins called sterol regulatory element binding proteins (SREBPs). (24, 
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25) These proteins regulate several genes involved with the expression of LDL-

receptors and enzymes involved with synthesis of cholesterol, such as HMG-CoA 

reductase. (24, 25) The expression of LDL-receptors is also mediated by other 

proteins that encode enzymes involved with the degradation of LDL-receptor 

proteins. (16) Protein convertase subtilisin/kexin type 9 (PCSK9) is an example of a 

protein that encodes such an enzyme. (26) 

 

As peripheral cells are not able to metabolise any accumulated cholesterol, it must be 

transported back to the liver where excess cholesterol can be excreted from the body 

via bile. (13) This transportation occurs via HDL particles in a process called reverse 

cholesterol transport. (27) HDL contains an enzyme called lecithin cholesterol 

acyltransferase (LCAT), which facilitate the conversion of free cholesterol from the 

peripheral cells into cholesterol esters. These cholesterol esters are then transported in 

HDL back to the liver, where they are taken out of circulation by specific receptors. 

(27) Alternatively, the cholesterol esters within the HDL particles are transferred to 

VLDL, chylomicrons and LDL via cholesteryl ester transfer protein (CETP), and 

these lipoproteins are then taken up by the liver. (28)  

 

1.2.2.3. Measurement of lipoproteins and cholesterol  

The concentration of plasma lipoproteins is most often estimated indirectly by 

measuring their cholesterol content. (29) In routine clinical practice, blood samples 

are analysed to determine total cholesterol, which is a measurement of the cholesterol 

concentrations of VLDL, IDL, LDL and HDL particles. (30) Typically the cholesterol 

within HDL particles (HDL-C) will also be measured, as will the total TAG 

concentration within all lipoproteins. (30) From these measures, the cholesterol within 

LDL and IDL particles (LDL-C) can be estimated using the Friedwald formula. (31) 

Assuming a constant cholesterol/TAG ratio within VLDL particles, this formula 

estimates LDL-C as the sum of cholesterol not found within HDL or VLDL particles. 

(31) As this measurement of LDL-C does not include the cholesterol contained in 

VLDL, non-HDL cholesterol is often also calculated which is a measure of all 

cholesterol not found in HDL particles. (10) 

 

Due to the role of HDL particles in returning cholesterol to the liver via reverse 

cholesterol transport, high levels of HDL-C are preferred and should be >1.0mmol/l 
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for men and >1.2mmol/l for women. (30) High levels of LDL-C are indicative of 

excess cholesterol in the circulation and are associated with an increased risk of CVD. 

(32) LDL-C concentrations <3.0mmol/l, or non-HDL <4.0mmol/l, are considered 

optimal for healthy individuals with even lower targets recommended for those at 

high risk of CVD. (30) Techniques such as nuclear magnetic resonance (NMR) 

spectroscopy enable direct, and more accurate, assessment of numbers of lipoprotein 

particles in the various classes and sub-classes and levels of their composite lipids. 

(33)  

 

1.2.3. Atherosclerosis 

Atherosclerosis is a progressive disease involving the accrual of cholesterol rich 

lipoproteins, inflammatory responses and the subsequent development of plaque in 

the endothelial lining of arteries. (34) The innermost layer of an artery is called the 

intima and consists of one layer of endothelial cells. In response to mechanical (i.e. 

shear stress from blood flow) and biological stimuli (i.e. levels of chemicals) healthy 

endothelial cells produce a range of factors that regulate a variety of functions 

including blood clotting (thrombosis), inflammatory responses, tone and growth of 

blood vessels. (35) The ability of these cells to perform these functions is reduced 

when they become dysfunctional. (36)  

 

Atherosclerosis is initiated by the accumulation and retention of ApoB lipoproteins 

within the arterial intima. (37, 38) The accumulated lipoproteins are often modified 

by oxidation and other enzymatic processes and the resulting particles act to promote 

uptake and accumulation of more ApoB lipoproteins into the arterial intima. (38-40) 

Furthermore, these modified lipoprotein particles are proposed to trigger maladaptive 

immune responses and the subsequent production of pro-inflammatory immune cells, 

mediated by the endothelial cells. (37) This is proposed to reduce the integrity of the 

intima, facilitating the uptake and retention of further ApoB lipoproteins. (41) Most 

notably, the intima becomes highly permeable to LDL particles. (42) Pro-

inflammatory macrophage cells are produced which express receptors that bind to and 

internalise lipoproteins, becoming lipid rich foam cells. (38, 39) These foam cells 

serve as lipid deposits and accumulate in layers to become visible fatty streaks in the 

intima. (34, 37, 40) Fatty streaks develop from childhood (43) and are reversible, but 

can progress to become plaque lesions. (34) Foam cells and other inflammatory cells 
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continue to accumulate, and extracellular lipid pools begin to form, driven by 

macrophage cell activity. (37, 44) The lipid pools eventually merge together to form a 

lipid rich core that consists of extracellular lipids and debris from cell death 

(necrosis), which is driven by the accumulation of extra-cellular lipids and presence 

of other immune factors. (34, 37, 40) As the core expands in size, initially the 

structure of the intima will adapt by thickening and expanding outwards (adaptive 

thickening) and thus the diameter of the lumen of the artery is unlikely to be greatly 

affected. (37, 45, 46) This adaptive thickening, or intima medial thickness (IMT) is 

often assessed clinically to establish the extent of subclinical atherosclerosis 

development in carotid arteries. (47) As the plaque lesion progresses, a layer of 

collagen-rich fibrous tissue, called a fibrous cap, develops and surrounds the lipid rich 

core. (37, 45, 48) As the plaque continues to develop and increase in size, the lumen 

of the artery may become narrowed (stenosis) and the fibrous cap and lipid rich core 

may become calcified. (48) 

 

1.2.3.1. Atherosclerosis and CVD 

Atherosclerosis begins in childhood (43) and progresses throughout life. (47) 

Atherosclerotic fatty streaks and plaques can exist without causing any clinical 

symptoms but over time can lead to stenosis, obstructing the flow of blood to the 

brain, heart and peripheral regions of the body. (37) The fibrous cap of the plaque can 

also rupture, exposing the core to the blood, which can result in thrombosis and 

obstruction of blood flow by blood clots. (37, 46) Atherosclerosis is the major cause 

of several types of CVD dependent upon where the accumulation or ruptures occur. 

(49) Coronary heart disease (CHD) develops when coronary arteries are affected and 

can lead to angina, heart failure and myocardial infarctions (MI). Cerebrovascular 

disease, such as ischeamic stroke, can occur when atherosclerosis develops in the 

blood vessels supplying the brain and peripheral arterial diseases occur when the 

blood vessels supplying the arms and legs are affected. (49) CHD and cerebrovascular 

disease account for most CVD related deaths worldwide. (50) 

 

1.2.3.2. LDL-C and atherosclerosis  

While the causes of atherosclerosis and associated CVD are multi-factorial, LDL-C is 

a significant predictor of carotid artery IMT (47, 51) and a well-established 

independent risk factor for CVD. (52) Much of this evidence comes from randomised 
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controlled trials (RCTs) of statin medication that report significant reductions in CHD 

and strokes which are directly related to the magnitude of LDL-C reduction. (53, 54) 

These trials also demonstrate that atherosclerotic development, measured by carotid 

IMT, is reversed by statin therapy and correlates with the extent of LDL-C reductions. 

(55, 56) Further evidence is provided by results of Mendelian randomisation analyses 

that suggest long-term exposure to low LDL-C from birth, as a result of genetic 

variants known to reduce LDL-C, is associated with reduced occurrence of CHD 

which is dependent upon the magnitude of LDL-C reduction. (57)  

 

1.3. Aetiology of FH 

In FH, pathogenic variants in genes coding for proteins involved in the hepatic 

clearance of LDL particles from the circulation lead to disruptions in lipoprotein 

metabolism and cholesterol homeostasis. (2) This leads to accumulation of cholesterol 

rich ApoB containing lipoproteins, primarily LDL, and individuals with FH typically 

present with 2-3-fold increased LDL-C with normal levels of TAGs. (1, 10) This 

section will discuss the aetiology of FH and give an overview of the pathogenic 

variants identified to cause FH.  

 

1.3.1. The spectrum of FH causing genetic variants 

As will be discussed in section 1.5, a clinical diagnosis of FH was traditionally based 

upon clinical criteria including LDL-C concentrations and family history of premature 

CVD. (58-60) The advent of whole genome sequencing facilitated a greater 

understanding of the genetic causes of FH and now all individuals with a clinical 

diagnosis of FH are recommended to undergo genetic testing to identify the 

underlying pathogenic variant. (58-60) 

 

FH is primarily a monogenic disease with each individual having a single pathogenic 

variant. As of 2018, nearly 3000 unique pathogenic genetic variants have been 

reported in association with FH across 13 countries. (61) Of these, ∼2000 meet the 

criteria to be considered pathogenic or likely pathogenic according to the American 

College of Medical Genetics and Genomics (ACMG) guidelines. (61) Over 80% of 

these variants are unique to a single continent and the heterogeneity of detected 

genetic variants within countries varies. (62) Over 550 different variants have been 

detected in individuals with FH from the Netherlands, (63) compared to 86 in 
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Australia. (64) However, these numbers are likely outdated as novel variants continue 

to be identified. (65) For instance, by 2016 the number of variants reported to be 

associated with FH in the United Kingdom (U.K.) was 322, (62) yet data obtained 

from the genetic testing laboratory in Bristol (one of eight in England that perform 

genetic analysis for FH) reported over 550 unique variants to have been identified 

between 2013 and 2019. (66) 

 

Differences in the heterogeneity of variants is believed to reflect the historical 

geographical mobility, migration patterns and the founder effect. (67, 68) The founder 

effect in the context of FH is thought to be the result of a small number of individuals 

with FH causing variants, creating new communities, which are culturally and/or 

geographically isolated from others. (63, 67) This is also hypothesised to explain the 

findings of geographical differences within countries and large proportions (>50%) of 

FH cases being explained by a relatively small number of the known variants in the 

population. (69, 70) For instance, ∼75% of FH cases recorded at the genetic testing 

laboratory in Bristol are explained by three common variants. (66) Across countries, 

pathogenic variants are mostly located in LDLR, APOB and PCSK9. (71)  

 

1.3.1.1. LDLR  

Across countries, it estimated that pathogenic variants in LDLR account for over 90% 

of FH cases. (61, 63, 65, 71-74) LDLR is involved with the transcription of LDL-

receptors and pathogenic variants in this gene can cause loss of function and/or 

reduced expression of LDL-receptors, leading to reduced clearance of LDL. (75, 76) 

The phenotype associated with variants in this gene is typically more severe than 

those associated with APOB. (74) Different genetic variants in LDLR can influence 

severity of phenotype, with a loss of function LDLR variant associated with a 

significantly higher risk of CVD than LDL-receptor malfunction variants. (77)  

 

1.3.1.2. APOB  

It is estimated that 5-10% of FH cases are due to pathogenic variants in APOB. (61, 

63, 65, 71-74) APOB encodes ApoB-100, the major apolipoprotein found on LDL 

particles. (78) The pathogenic variants in this gene cause production of defective 

ApoB-100, with reduced affinity for the LDL-receptors leading to reduced clearance 

of LDL particles from the circulation. (71, 79)  
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1.3.1.3. PCSK9 

Between 0.5-2% of FH cases have been reported to be due to variants found in 

PCSK9. (61, 63, 65, 71-74) This gene encodes the PCSK9 enzyme that regulates the 

degradation of LDL-C receptors within cells, preventing them from being recycled 

and expressed at the surface of cells. (80) Pathogenic variants of this gene are gain of 

function variants that increase the affinity of PCSK9 for LDL-receptors leading to 

increased degradation of LDL-receptors and thus decreased clearance of LDL 

particles from the circulation. (71)  

 

1.3.1.4. Other monogenic genetic variants  

The genetic variants discussed so far are all autosomal dominant whereby the 

pathogenic variant will affect one allele of the gene only. Autosomal co-dominant 

presentation of these variants cause homozygous FH, which is a rare and causes a 

much more severe phenotype. (5) However, an exception is a very rare autosomal 

recessive presentation of FH whereby affected individuals have pathogenic variants of 

both alleles of the LDL-receptor adaptor protein 1 (LDLRAP1) gene. (81, 82) This 

causes LDL-receptor malfunction and the resulting severity of the phenotype is 

between those associated with heterozygous and homozygous FH. (71) Unlike all 

other cases of FH, the parents of affected individuals may not themselves have FH but 

instead be a genetic carrier. (83) Research continues to identify novel genes that may 

cause FH, (84) however they have yet to be confirmed and incorporated into routine 

genetic testing for FH. (71) 

 

1.3.2. Polygenic FH 

Known pathogenic variants are detected in approximately 60-80% of individuals with 

a clinical diagnosis of definite FH. (71) Novel FH causative variants that have not yet 

been identified are believed to account for a proportion of FH cases in which a 

pathogenic variant is not detected. (71, 85) However, for most cases it is believed that 

the FH phenotype may instead be explained by a polygenic cause. (71) Single 

nucleotide polymorphisms (SNPs) are common genetic variations found across the 

population (86) and research has identified many SNPs to influence LDL-C and CVD 

risk. (87, 88) These SNPs have been identified in several genes involved with 

lipoprotein metabolism, such as those encoding the transcription of lipoprotein and 

receptor components, or proteins such as apolipoproteins. (88) Individuals with 
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polygenic FH may have inherited an above average number of the SNPs associated 

with elevated LDL-C. (71) A ‘SNP-score’ has been developed in the U.K., which 

determines a score based upon the presence of one or more of 12 SNPs in 11 different 

genes most commonly identified to elevate LDL-C. (89) This has been used to 

distinguish individuals with a polygenic cause of FH from those who may instead 

have a pathogenic variant in a novel gene (90) and examine the health implications of 

mono- versus poly-genic FH.  (91, 92)  

 

1.3.3. Non-familial severe hypercholesterolaemia  

A small proportion of individuals with elevated levels of LDL-C indicative of FH 

have been found to have no monogenic or polygenic cause of their FH. (93) LDL-C 

increases with age and is influenced by lifestyle factors such high body mass index 

(BMI) and dietary intakes. (30) Furthermore, individuals may still possess several 

SNPs associated with increased LDL-C, but not enough to achieve a SNP score 

indicative of polygenic FH. (93) A combination of lifestyle and genetic factors is 

therefore hypothesised to be contributing to the LDL-C levels of these individuals 

and, while they are still considered to be at high risk of CVD, their management and 

treatment will differ from those with a clinical diagnosis of FH. (30) 

 

1.4. Pathophysiology of CVD in FH 

LDL-C is accepted to be the main driver of CVD risk in FH and is the primary target 

of treatment. (9) However, other risk factors demonstrated to influence the initiation 

and progression of atherosclerosis and related CVD in the general population have 

been proposed to influence the CVD risk of individuals with FH. (94, 95) This section 

will describe the role of LDL-C and other risk factors in the pathophysiology of CVD 

amongst individuals with FH.  

 

1.4.1. LDL-C and atherosclerosis  

In FH, elevated LDL-C concentrations are typically present from infancy. (6, 96) Left 

untreated, this exposure to high levels of LDL-C from birth is proposed to accelerate 

the development and progression of atherosclerosis leading to clinical manifestations 

of the disease appearing earlier in life. (1, 37) Findings of systematic reviews indicate 

that compared to healthy controls, markers of endothelial dysfunction and carotid 

artery IMT are significantly increased in adults, (97) and in children as young as eight 
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years with FH. (51) Furthermore, the occurrence of advanced atherosclerosis 

(stenosis, fibrous and calcified plaques) is significantly higher in asymptomatic 

treated adults with FH versus healthy controls. (98, 99) This is the major factor 

proposed to be responsible for the significantly higher risk of premature CVD in 

individuals with FH, most notably coronary heart disease (CHD). (4) Research carried 

out before the advent of pharmacological treatment reported that, if left untreated, 

CHD occurs in 50% of men and 30% of women by the ages of 50 and 60 years, 

respectively. (4) The risk of developing cerebrovascular diseases, including ischaemic 

stroke, is also significantly elevated in individuals with untreated FH. (100, 101) 

Early diagnosis and treatment has been found to significantly reduce LDL-C, IMT 

and CVD risk in individuals with FH, (97, 102-104) which is discussed in section 1.6. 

However many individuals are not diagnosed until after they experience a CVD event 

and a recent meta-analysis of 11 million adults diagnosed with FH estimated that the 

disease confers an 18 fold increased risk of CVD compared to the general population 

and 1 in every 17 persons affected by CVD worldwide has FH. (8)  

 

1.4.2. Other CVD risk factors 

Atherosclerosis and associated CVD are multifactorial diseases and other risk factors 

demonstrated to effect the initiation and development of atherosclerosis in the general 

population have been proposed to influence the CVD risk of individuals with FH. (94, 

95) Further research into the role of these risk factors in the development of CVD in 

individuals with FH is needed to enable a more personalised risk assessment and 

treatment plan. (105) 

 

1.4.2.1. Lipoprotein(a) 

Lipoprotein(a) (Lp(a)) particles resemble LDL particles, however in addition to apoB-

100 they also contain a unique apolipoprotein called Apo(a). (10) Apo(a) is created by 

hepatic cells and is proposed to attach to the ApoB-100 molecule on the surface of 

LDL particles in circulation or at the surface of hepatic cells. (106) Production rates 

of Lp(a) are primarily genetically determined and approximately 30% of the global 

population exhibit elevated levels, (107, 108) including those with FH. (109) Lp(a) is 

an established independent predictor of CVD risk in individuals with or without FH, 

(108, 110-113) although the mechanisms through which this is mediated are not fully 

understood. (108) It has been proposed that Lp(a) may be particularly susceptible to 
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retention and accumulation within the arterial intima or have pro-thrombotic effects. 

(108, 109) It is of greater significance for individuals with FH who will be subject to 

life-long exposure to two risk factors. (109) Furthermore, Lp(a) levels have been 

reported to be higher in individuals with FH compared to healthy controls. (110) This 

suggests that Lp(a) clearance is impaired in FH, mediated by reduced numbers of 

LDL-receptors. (109, 110) Unlike LDL-C, Lp(a) concentrations are unaffected by 

statins or dietary intake, and require targeting by medication. (109)   

 

1.4.2.2. HDL cholesterol 

Low HDL-C levels have been found to be an independent risk factor for CVD for 

those with (95, 114) and without FH. (30, 115) This is proposed to be due to the role 

of HDL particles in reverse cholesterol transport, which acts to remove cholesterol 

from the circulation and slow the progression of atherosclerosis. (27, 116) In line with 

this hypothesis, low HDL-C has been associated with increased markers of 

atherosclerotic development in individuals with FH. (117, 118) While genetic factors 

are the major determinant of HDL-C levels in the general population, lifestyle 

behaviors and environmental factors are also significant predictors. (119) Similarly, 

BMI, smoking, alcohol use and gender have been found to partially explain the 

variance in HDL-C in those with FH. (120) Furthermore, SNPs affecting the 

transcription of proteins involved with the metabolism of HDL particles have been 

associated with variations in HDL-C amongst individuals with FH. (116, 120) The 

multi-factorial determinants of HDL-C likely explain the mixed findings from 

research comparing the HDL-C concentrations of individuals with FH compared to 

healthy controls. (94, 117, 121) However, differences in the distribution of HDL 

particle size and lipid content have been reported that are indicative of an impaired 

reverse cholesterol transport system. (94, 122, 123) The impact of these functional 

changes upon CVD risk in those with FH is not yet known. (94) 
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1.4.2.3. Lipoprotein sub-classes  

Seven sub-classes of LDL particles have been identified which are distinct in terms of 

size, density, lipid content and metabolic behaviour. (17) The atherogenicity of LDL-

C in the general population is proposed to be influenced by the size and distribution of 

LDL sub-classes. (17, 124, 125) In particular, an increased proportion of small, dense 

LDL particles is proposed to be more atherogenic than other sub-classes of LDL as 

they are less readily cleared from circulation, due to reduced affinity for LDL-

receptors, and are more susceptible to oxidative modification. (17, 124, 125) The 

number of small, dense LDL particles have been reported to be increased in children 

and adults with FH compared to healthy controls, although the relative distribution of 

LDL particle size did not differ. (118, 122, 126) The number of small LDL particles 

has been found to be directly associated with carotid artery IMT in children, (126) but 

not in adults. (118) This may be explained by the adults being treated with lipid-

lowering medication whereas the children were not and further research has 

demonstrated that the number of small LDL particles was more similar to healthy 

controls in children receiving medication than those who were untreated. (122) 

Preliminary research has suggested that diet and physical activity may influence LDL 

particle size, (127) although this was in a cohort of untreated children with FH and 

further research is required to confirm the findings and to explore the clinical 

implications of LDL particle size distribution in the FH population. (122) 

 

The disruption to lipoprotein metabolism caused by FH has been proposed to induce 

further changes to other classes and sub-classes of lipoproteins, which may be 

contributing to the pro-atherogenic nature of the lipid profile. (128) Research has 

found the number of VLDL particles (129-131) and the cholesterol content of VLDL 

and IDL particles (132) to be elevated in individuals with FH compared to healthy 

controls. However, the implication of these abnormalities upon atherosclerosis and 

CVD development in individuals with FH is not yet known. (128) 

 

1.4.2.4. Hypertension  

Optimal blood pressure is considered as systolic blood pressure (SBP) of <120mmHg 

and diastolic blood pressures (DBP) <80mmHg, with hypertension in adults defined 

as SBP >140mmHg and/or DBP >90mmHg. (133) Hypertension in children is often 

identified using population references values rather than absolute values of SBP and 
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DBP. (134, 135) Blood pressure has been reported to be influenced by genetic and 

lifestyle factors such as smoking, dietary intakes, physical activity and weight status 

in adults. (133, 136) Less is understood about blood pressure in children, however 

obesity is an identified risk factor (137) and hypertension amongst childhood is 

increasing in line with the rising occurrence of overweight and obesity. (138) First 

line treatment for adults and children consists of dietary, physical activity and weight 

loss advice followed by pharmacological treatment if blood pressure does not respond 

to lifestyle modifications alone. (133, 139)  

 

Elevated blood pressure is proposed to act as a mechanical stimulus for the 

inflammatory immune response of the endothelial cells within the arterial wall, 

thereby accelerating the progression of atherosclerosis. (140, 141) Hypertension is an 

established major risk factor for CVD in adults in the general population (133, 136, 

142) and affects 30-45% of adults globally. (143) A linear relationship between blood 

pressure and CVD events have been reported (144) and a meta-analysis reported that 

every 10mmHg reduction in SBP reduced risk of CVD events by 20%, across various 

baseline blood pressure levels and comorbidities. (145) Research conducted in cohorts 

of adults with FH has found that those with hypertension are at a 2-fold increased 

excess risk of CVD than those without, although no research investigating the impact 

of reducing blood pressure has yet been conducted. (95, 114, 146) The prevalence of 

hypertension amongst children in the general population is much lower, 

approximately 2-4%. (134, 135) The impact of hypertension during childhood upon 

CVD risk is not well understood, however given the known risks in adulthood it is 

recommended that hypertension in childhood should be treated. (139) There is 

currently little evidence of the prevalence of hypertension in children in FH. (147) 

 

1.4.2.5. Diabetes mellitus  

Within the general population, Type I and II diabetes mellitus (T1DM and T2DM) 

have been reported to confer a two-fold excess risk of developing CVD independent 

of other risk factors. (136, 148) This magnitude of excess risk has also been reported 

in adults with FH. (95, 114, 149) T1DM is primarily caused by genetic factors 

whereas excess weight is a strong risk factor for T2DM. (150, 151) Diabetes is 

proposed to contribute to endothelial cell dysfunction leading to acceleration of 
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atherosclerosis, a pro-thrombotic environment and damage to the structure and 

function of blood vessels. (151, 152) 

 

1.4.2.6. Overweight/obesity 

Overweight and obesity in adults is defined as BMI of >25kg/m2 and >30kg/m2 

respectively, and is strongly associated with increased CVD mortality in adults in the 

general population. (153) This is especially the case for abdominal obesity. (154) 

Observational studies have reported that overweight and obesity in childhood is 

associated with the presence of CVD risk factors (155) and risk of CHD in adulthood. 

(156, 157) This is believed to be partly explained by the large proportion of 

overweight and obese children who remain overweight as adults. (155, 158) However 

there is also evidence that obesity is associated with changes in cardiovascular health 

during childhood that may directly impact upon later life CVD risk. (157, 159) 

Overweight and obesity are proposed to increased CVD risk via multiple mechanisms 

such as: increasing the incidence of other risk factors including hypertension and 

T2DM; disrupting lipoprotein metabolism resulting in elevated LDL-C and/or TAGs; 

inducing changes in cardiac structure and function in response to the increased 

metabolic demand of increasing body mass; pro-inflammatory chemicals released 

from adipose tissue may contribute to the dysfunctioning of endothelial cells in the 

arterial walls thereby accelerating atherosclerosis. (136, 160, 161) A BMI >25kg/m2 

has been reported to be independently associated with increased CVD risk amongst 

adults with FH. (95, 149) 

 

1.5. Prevalence and diagnosis of FH 

FH registries have been established which provide insights into diagnosis and 

treatment of FH across countries. (162) While it is estimated that approximately 1 in 

250-300 people worldwide have FH, (6, 8) less than 10% are diagnosed. (163) The 

proportion with a genetically confirmed diagnosis falls below 1%. (163) These 

statistics are improved in countries that have developed national screening programs; 

however the majority of cases remain undiagnosed. (164) FH is acknowledged to be 

an under-diagnosed disease (85, 105) and the World Health Organisation (WHO), 

(165) International FH Foundation, (59) World Heart Federation, (105) European 

Atherosclerosis Society (EAS), (60, 85) The American Heart Association (AHA) 

(166) and National Lipid Association (167) have all produced consensus statements 
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and guidance advocating the importance of addressing the under-diagnosis of FH. 

This section will describe how FH is diagnosed, strategies to improve diagnostic rates 

and barriers to diagnosis.  

 

1.5.1. Prevalence  

FH was originally estimated to affect 1 in 500 individuals worldwide, based upon the 

frequency of FH amongst cohorts of survivors of myocardial infarctions. (4, 168) 

Amongst populations subject to the previously described founder effect, for example 

the French-Canadians, the prevalence has been found to be 1 in 70. (4, 67) However, 

the most recent meta-analysis of over 11 million individuals with FH residing in 

countries not subject to founder effects, estimated the worldwide prevalence to be 1 in 

311, which showed little variation across different regions. (8) However, only 17 

countries in the world have reported the prevalence of FH and therefore the true 

prevalence of FH in  >90% of countries has yet to be determined. (8) Screening of 

over 10 000 children in England reported a prevalence of 1 in 127. (6) Based on these 

findings, amongst those working with FH in the U.K., the estimated prevalence is 

assumed to be 1 in 250. (169) While no differences between gender and age are 

apparent, there is not enough evidence to explore differences in prevalence amongst 

different ethnicities. (7, 8) 

 

1.5.2. Diagnostic criteria 

Approximately 45-50% of adults in the U.K. have high cholesterol, or 

hypercholesterolaemia, defined by total cholesterol levels above 5.0mmol/l and/or 

LDL-C >2.0mmol/l. (170) In FH, total and LDL-C will typically be markedly higher 

than this cut-off and a clinical diagnosis of FH is also dependent upon further criteria. 

(58) There are several clinical criteria available to guide the diagnosis of FH but all 

include assessment of total and LDL cholesterol; personal and family history of CVD; 

presence of visible thickening of tendons caused by accumulation of lipoproteins 

(tendon xanthomas) or visible cholesterol deposits around the corneas (corneal arcus). 

(58, 171) The Simon Broome Criteria or Dutch Lipid Network Criteria are 

recommended in the U.K. (58) The Simon Broome Criteria determines a clinical 

diagnosis of ‘probable’ or ‘definite’ FH based on criteria displayed in Table 1.2. (172, 

173) The Dutch Lipid Network Criteria uses similar criteria but assigns scores for 

each criterion. (58)  
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All individuals who meet the criteria for probable or definite FH should be referred to 

a FH specialist service for genetic testing to confirm diagnosis. (58-60) The 

identification of a pathogenic variant known to cause FH is sufficient for a clinical 

diagnosis of definitive FH without any clinical features (Table 1.2). (58)  

 

Table 1.2 Simon Broome Criteria for possible and definite FH. (172, 173) 

Criteria  Diagnosis 

TC >7.5mmol/l or LDL-C >4.9mmol/l in adults; TC >6.7mmol/l or 

LDL >4.0mmol/l in children  

AND 

Tendon xanthoma in patient or first/second degree relative 

Definite FH 

Presence of pathogenic variant in LDLR, APOB or PCSK9 genes Definite FH 

TC >7.5mmol/l or LDL-C >4.9mmol/l in adults; TC >6.7mmol/l or 

LDL >4.0mmol/l in children  

AND 

Family history of myocardial infarction <50 years old in second 

degree relative or <60 years in first degree relative 

OR 

Family history of TC >7.5mmol/l in first or second degree relative 

Probable FH 

TC, total cholesterol; LDL-C, low density lipoprotein cholesterol  

 

1.5.3. Cascade screening  

With the exception of very rare de novo pathogenic variants, (174) FH is an inherited 

disease and each first degree relative (parent, sibling or child) of an affected 

individual will have a 50% chance of having FH. (71) Therefore cascade screening, in 

which family members of individuals with FH are traced and tested, is the primary 

strategy advocated in international guidelines to increase the identification of 

individuals with FH. (59, 60, 85, 105, 165-167) The first-degree relatives of an 

‘index’ case are contacted and screened for FH by measuring LDL-C and/or genetic 

testing. (166) If the affected parent is identified then as many first and second-degree 

relatives as possible are screened. Family members in whom FH is diagnosed become 

an index case themselves and the cycle continues. (166)  
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Cascade screening can be very effective in increasing the diagnosis of FH, for 

example in the Netherlands an average of eight relatives with FH are diagnosed from 

each index case. (175) However, this will depend upon the distribution of family 

members, their willingness to participate, availability of FH services and data 

protection laws. (176, 177) 

 

1.5.4. Barriers to diagnosis and cascade screening  

Global and country specific guidelines advocate the importance of genetic testing and 

cascade testing for FH, however services have not yet been widely implemented.  

(163, 166, 175, 178-180) The European Atherosclerosis Society FH Studies 

Collaboration (EAS FHSC) was set up to establish a worldwide registry of FH 

patients and currently data from FH registries from ∼70 countries have been included. 

(178) This leaves a substantial (>100) number of countries where FH may not be 

recognised or treated at all. (163, 178) Amongst countries actively diagnosing FH, the 

proportion of individuals predicted to have FH that have been diagnosed varies from 

1-15%, and typically a very small proportion (<1-30%) of these individuals will have 

undergone genetic testing. (163, 178) Very few countries have implemented 

nationwide cascade screening programs. (60, 105) These findings can be explained 

through two major barriers that affect genetic diagnosis and/or cascade screening.  

 

1.5.4.1. Asymptomatic nature of FH 

Excepting xathomas and corneal arcus, FH tends to be asymptomatic until the 

occurrence of CVD. Data indicates that only 20-30% of individuals with a genetic 

diagnosis of FH will present with xathomas or corneal arcus at diagnosis. (180-183) 

Furthermore, these visible cholesterol deposits take years to develop and are most 

often seen in individuals aged >30 years and are rarely observed before the age of 20. 

(181, 183) In the U.K., current guidance recommends that cholesterol levels are 

measured routinely from the age of 40 years, (184) leaving little opportunity to detect 

FH before this. (185) Accordingly, data collected from FH registries in 69 countries 

has reported the mean age at diagnosis is 45 years. (186) Available data from 

individual registries indicate that between 20-50% of individuals have already 

experienced a CVD event prior to diagnosis, (146, 187-189) and the mean age of this 

occurring is 47 years. (190)  
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This presents a problem for cascade screening which relies on first identifying an 

index case. (191) It is recognised that increasing the diagnosis of FH will require 

more than just opportunistic case finding in routine clinical appointments. (192) The 

U.K. National Institute for Health and Care Excellence (NICE) clinical guidelines for 

the diagnosis and management of FH recommend that primary care records are 

systematically searched to identify individuals with total cholesterol >7.5mmol/l 

(younger than 30 years) or >9.0mmol/l (over 30 years) as they are deemed at highest 

risk of FH. (58) Although this relies on people first having their cholesterol measured, 

which is not part of routine clinical care in the U.K. for children and young adults. 

(184, 185) To overcome this, universal screening of total cholesterol levels amongst 

children at routine immunisation has been suggested. (193) Children identified to 

have raised levels undergo further screening and for identified cases of FH, reverse 

cascade testing of parents and other relatives is carried out. (194) This has been found 

to be feasible and cost effective in the U.K. but has not received approval for 

implementation. (195)  

 

1.5.4.2. Lack of awareness of FH and services for genetic testing and cascade 

screening 

 

Research has reported a lack of awareness and knowledge of FH amongst clinicians in 

primary care settings across various countries including the U.K, which may be 

impacting upon the number of individuals with clinical symptoms of FH being 

identified and referred for specialist testing. (196, 197) Training of clinicians, 

implementation of the recommended FH services, genetic testing and cascade 

screening depend upon country specific health policies and funding. (58-60, 105) Two 

exceptions to the low identification of FH cases are the Netherlands and Norway in 

which 86% and 37% of suspected FH cases have been diagnosed as a result of 

successful integration of a government funded genetic cascade screening service 

across the healthcare system. (163, 166, 175, 178-180) Country led initiatives to gain 

funding to expand FH service capacity continue to increase and are supported through 

cost-effectiveness analyses demonstrating the economic benefit of diagnosing and 

treating individuals identified through genetic led cascade screening compared to the 

costs associated with CVD from untreated FH. (175, 198-201)  
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1.5.5. Benefits of genetic versus clinical diagnosis of FH 

1.5.5.1. Individualised risk assessment and treatment  

One of the primary reasons genetic testing is advocated for FH is to enable more 

accurate estimation of an individual’s risk and facilitate appropriate treatment. (60, 

202) Firstly, this is due to evidence of certain pathogenic variants within the three 

main genes responsible for FH being associated with greater LDL-C levels and CVD 

risk. (71, 77, 203, 204) Secondly, research has highlighted that individuals with 

monogenic FH are at higher CVD risk than those identified to have either a polygenic 

cause of FH or no genetic explanation. (77, 91-93, 205) In an analysis of genetic data 

collected from over 36, 000 individuals with severe hypercholesterolaemia, for any 

given LDL-C level the risk of CHD was significantly elevated for those in whom a 

pathogenic variant known to cause FH was identified compared to those with 

polygenic FH or those with no underlying genetic explanation. (93) The magnitude of 

the risk difference was most apparent when LDL-C was >4.9mmol/l, with pathogenic 

variant carriers exhibiting a 22-fold increased risk compared to 6-fold in those with 

polygenic explanation of FH or no genetic cause. (93) This is hypothesised to be the 

result of a higher cumulative exposure to LDL-C over a lifetime as opposed to 

individuals only experiencing elevated LDL-C from an older age due to polygenic 

and/or lifestyle factors. (60, 93) Accordingly, analysis of blood test results 

demonstrated that those with a known pathogenic variant had experienced higher 

LDL-C for longer. (93) This is substantiated by findings that individuals with 

genetically confirmed FH have more frequent and severe atherosclerotic plaque in the 

coronary arteries compared to those for whom a genetic variant could not be 

identified. (206, 207) Thirdly, individuals with both a FH causing pathogenic variant 

and a high number of the polygenic variants may face even higher CVD risk. (71, 89, 

205) 

 

The identification of a polygenic explanation for the FH phenotype is relatively new 

and further research is required before any changes to the clinical guidance for the 

management of FH can be updated to reflect the two proposed types of FH. (202, 205, 

208) It is recognised across treatment guidelines that all individuals with a clinical 

diagnosis of FH, regardless of DNA testing result, need to be treated as being high 

risk of CVD and receive adequate treatment to reduce this risk. (30, 58, 208, 209) It is 
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anticipated that in the future, this knowledge will be applied to enable a more 

individualised approach to treatment.  (202, 205, 210) 

 

1.5.5.2. Increased precision  

Due to the influence of genetic and lifestyle factors, an overlap between LDL-C levels 

of individuals with FH and individuals without FH can exist in children and adults. (6, 

211, 212) This overlap has been found to result in the incorrect clinical diagnosis of 

relatives during cascade testing with 20% being incorrectly diagnosed as having FH 

and 20% incorrectly diagnosed as not having FH. (213) The specificity and sensitivity 

of clinical criteria can be improved through the development and application of age, 

gender and population specific cut points. (212) However, mis-diagnosis still occurs 

and genetic testing is the preferred and recommended option for cascade testing. (60, 

213) This is especially important for adults as the overlap in LDL-C increases with 

age and is more susceptible to other genetic and lifestyle factors. (60) It is also 

important for identifying individuals with genetic variants associated with less severe 

phenotypes who may present with lower LDL-C and a less pronounced family history 

of CVD and symptoms required for a clinical diagnosis. (211, 214)  

 

1.6. Treatment and management of FH 

Children1 and adults with a clinical or genetic diagnosis of FH are considered to be at 

high risk of CVD regardless of the presence of other risk factors, and they are 

recognised in ‘high’ and ‘very high’ risk groups in clinical guidelines for the 

treatment of blood cholesterol and dyslipidemias produced by the EAS (30) and 

AHA. (209) Due to ethical reasons, the effectiveness of treatment upon CVD 

morbidity and mortality has not been tested in cohorts of individuals with FH and 

treatment guidelines have instead been formed by expert consensus based upon 

evidence-based guidelines for individuals at high or very risk of CVD. (9, 59, 105) 

However, evidence from registries and longitudinal studies of FH cohorts receiving 

treatment is now more readily available which provides further evidence to support 

the effectiveness of treatment and insights into particular components of treatment 

that are associated with CVD risk reduction. (9) 

 
1 The term ‘children’ in the context of this thesis refers to individuals aged 0-18 year unless otherwise specified. 
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Consensus statements produced by the EAS, (85) AHA, (166), International 

Atherosclerosis Society, (215) National Lipid Association (167) and the International 

FH Foundation (59) provide management and treatment guidelines for individuals 

with FH. Clinical guidelines and consensus statements have also been produced in 

individual countries, (216, 217) including the U.K. NICE guidelines. (58) All include 

specific recommendations for the treatment of children, however separate paediatric 

guidelines have also been produced. (147, 185) Two recent reviews published in 

2020, conducted by expert panels, summarised the available treatment guidelines, 

providing a contemporary update and suggestions for suitable models of care for FH. 

(9, 105) Aside from small differences, there is general consensus about how FH 

should be treated and managed. (9, 218) This section will describe the current 

management and treatment recommendations for children and adults with FH and 

provide an overview of the available evidence to support these recommendations.  

 

1.6.1. Overview of management recommendations  

Adults can be managed within primary care although those who are considered to be 

high risk, due to presence of other CVD risk factors, a family history of premature 

CVD or if LDL-C does not respond to conventional treatment, are to be referred to 

FH specialist services. (9, 58, 59, 85, 105, 166, 167, 215) Such services are most often 

outpatient lipid clinics in secondary or tertiary care services, which are led by 

clinicians specialising in endocrinology, lipidology or cardiology. (58, 105, 178) Data 

from registries worldwide indicate that in countries where FH specialist services exist, 

adults are most often managed within these rather than primary care. (58, 105, 178) It 

is recommended that children should initially be managed within FH specialist 

services by healthcare professionals (HCPs) trained in paediatric care. (9, 58, 59, 85, 

147, 166, 167, 185) Due to the majority of children having one affected parent, and 

the recommendation that family members should be involved in the care of children, 

(9, 59, 85, 185) joint adult-paeadiatric FH services, or family clinics, are also 

advocated. (9, 59, 105, 166) The U.K. NICE guidelines do not provide guidelines for 

the most appropriate setting for ongoing management, (58) but other guidelines 

advise that transition to adult services should be considered between the ages of 16-18 

years. (9, 58, 59, 147, 185) Given the expected increase in children to be diagnosed 

with ongoing cascade screening efforts, guidelines recommend that children with 

well-controlled FH can be managed in primary care by experienced HCPs, however 
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children with other risk factors or very elevated LDL-C should continue to be treated 

under the care of a FH specialist paediatric service. (9, 59, 147, 185) All adults and 

children should be offered a structured review at least annually to monitor LDL-C, 

adherence to medication and side-effects to allow for adjustment of treatment regime 

if required. (9, 58, 59, 85, 147, 166, 167, 185, 215) 

 

All individuals with FH are considered at high risk of CVD, however certain 

individuals are considered to be at very high risk if they present with additional CVD 

risk factors or have already experienced CHD. (9, 167, 215)  Furthermore, individuals 

present with a wide range of baseline LDL-C concentrations and responses to 

treatment can vary. (9, 136) Therefore, an individualised approach to treatment is 

advocated. (9, 58, 59, 85, 105, 147, 166, 167, 185, 215) 

 

1.6.2. Treatment goals 

Due to the lack of research, treatment targets for LDL-C reduction are unable to be 

firmly defined which is a recognised gap in knowledge that needs addressing. (9, 59, 

105) Targets have been formed by expert consensus, drawing from evidence-based 

guidelines for individuals at high or very high risk of CVD, which have been based 

upon a more substantial body of evidence demonstrating the effectiveness of 

treatment upon LDL-C concentrations and CVD risk. (30, 209) In adults with FH, the 

aim of treatment is to achieve at least a 50% reduction from baseline LDL-C 

concentrations. (9, 58, 59, 85, 105, 166, 167, 215) The U.K. NICE guidance does not 

provide specific treatment targets but other guidelines suggest adults should achieve 

LDL-C <2.5mmol/l, or <1.8mmol/l if at very high risk. (9, 30, 59, 166) Due to a lack 

of evidence in children with or without FH, there are no specific treatment goals for 

children within U.K. guidelines. (58) However expert consensus has suggested 

treatment should aim for a 50% reduction from baseline LDL-C or concentrations of 

<3.5mmol/l. (59, 147, 185) The magnitude of CVD risk reduction has been reported 

to decrease in line with LDL-C reductions in cohorts of individuals with and without 

FH. (40) Furthermore, an LDL-C concentration below which CVD risk reduction 

ceases to improve has not yet been identified, implying that the lower LDL-C 

achieved the better. (40) It is also now widely recognised that many children and 

adults with FH do not achieve a 50% reduction in LDL-C. (112, 178, 219) Therefore, 

clinical guidelines for the management of FH have generally concluded that treatment 
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should aim instead to achieve the lowest LDL-C concentrations possible with the 

recommended treatment options and doses. (9, 58, 59, 85, 147, 166, 167, 185, 215) A 

secondary goal for treatment of adults and children is to minimise exposure to other 

modifiable CVD risk factors such as smoking, hypertension, overweight and obesity. 

(9, 58, 59, 85, 147, 166, 167, 185, 215) 

 

1.6.3. Pharmacological treatment  

The primary aim of treatment for FH is to significantly lower LDL-C and life-long 

pharmacological therapy is the cornerstone of treatment. (9, 58, 59, 85, 105, 147, 166, 

167, 185, 215) All adults should be started on pharmacological treatment upon 

diagnosis and for children it is to be considered from the ages of 8-10 years. (9, 58, 

59, 85, 147, 166, 167, 185, 215)  

 

1.6.3.1. Statins 

HMG-CoA reductase inhibitors, or statins, are the first line pharmacological treatment 

for children and adults with FH. (9, 58, 59, 85, 147, 166, 167, 185, 215) Statins inhibit 

HMG-CoA reductase, the rate-limiting enzyme in the biosynthesis of cholesterol. (12, 

220) This reduced concentration of cholesterol within hepatic cells leads to increased 

LDL-receptor expression at the surface of these cells and subsequent increased 

clearance of LDL-C from the circulation. (12, 220) 

 

1.6.3.1.1. Statin treatment in adults 

While no placebo-controlled trial has been carried out, CVD event outcome data 

collected from two large observational studies of adults with FH pre and post the 

introduction of statins have reported significant reductions in the CHD risk associated 

with FH. (221, 222) One study was conducted in a cohort of 3382 adults with and 

without existing CHD who were recruited and followed-up between 1980 and 2006. 

(221) The results suggest that since the introduction of statins, the excess risk of 

coronary mortality fell by 37%, from a 3.4 to 2.1- fold increased risk compared to the 

general population in adults aged 20-79 years. This was higher in primary prevention 

(48%) than in secondary prevention (25%). (221) More recent follow-up data 

collected up until 2016 has indicated that for males, the excess risk reduced further 

and no excess risk was apparent in primary prevention. (188) The authors concluded 

that the continued improvement is likely due to the wider use of higher intensity 
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statins. (188) However, women still faced a 3.4 fold increased excess risk in 

secondary prevention and 6.3 fold in primary prevention which was suggested to be 

due to the undertreatment of women compared to men. (188) In a prospective study of 

a cohort of 1950 untreated and asymptomatic adults with FH recruited in the 

Netherlands in 1990, those that started statins had a 80% reduced risk of CHD 

compared to those who did not receive statins, after adjusting for baseline smoking, 

diabetes, hypertension and LDL-C concentrations. (222) These observational findings 

emphasise the importance of diagnosing and initiating treatment in individuals before 

the onset of CHD.  

 

To achieve 50% reduction in baseline LDL-C, upon diagnosis adults are 

recommended to take a high potency statin at the maximum licensed and/or tolerated 

dose. (9, 58, 59, 85, 105, 166, 167, 215)  Higher doses and more potent statins are 

associated with greater reductions in LDL-C concentrations, carotid IMT and greater 

likelihood of achieving LDL-C treatment goals. (104, 146) 

 

1.6.3.1.2. Statin treatment in children  

Historically, the only available treatment for children was a strict low fat and 

cholesterol diet. (223) Based upon the efficacy and safety of statins in adults with and 

without FH, (53, 221, 222) and the findings that markers of atherosclerosis are 

already present in children as young as eight, (51) RCTs were conducted to assess the 

impact of statin therapy in children with FH. A meta-analysis of nine RCTs concluded 

that statins effectively reduced LDL-C by an average of 32%. (103) There was little to 

no evidence of any adverse effects, however the long-term safety could not be firmly 

established as the longest follow-up period of the included trials was two years. (103) 

However, observational data from 10-year follow-up of young adults who started 

statin therapy in childhood reported that markers of laboratory safety, growth and 

maturity did not differ compared to siblings without FH. (224) Furthermore, while 

carotid IMT was still higher than unaffected siblings, the progression had been 

normalised. (224) These findings persisted at a 20-year follow-up, along with a 

sustained 33% mean decrease from baseline LDL-C concentrations. (225)  

 

Based on these findings, the consensus is that statins should be considered for all 

children with FH from the age of 8-10 years. (9, 58, 59, 85, 147, 166, 167, 185, 215) 
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The decision to initiate treatment will depend upon their baseline LDL-C 

concentrations and the severity of CVD within their family. (9, 58, 59, 85, 147, 166, 

167, 185, 215) If initiation is deferred, they should be reminded of the lifestyle 

treatment guidelines, which can be followed from the age of 2 years, and the decision 

should be revisited regularly to ensure medication is commenced early and not 

delayed until adulthood. (9, 58, 59, 85, 147, 166, 167, 185, 215) A recent meta-

analysis of statins in childhood identified that children are more likely to attain LDL-

C targets with higher doses. (226) The maximal licensed doses of statins are lower for 

children compared to adults and typically the minimal dose required to attain LDL-C 

goals in children is recommended. (9) Despite these universal recommendations, data 

from cohorts of children diagnosed with FH indicate that less than 50% are meeting 

the LDL-C treatment goals, which is largely explained by findings that between 30-

50% of children aged 10-18 years have not been commenced on statin treatment. 

(227, 228) 

 

1.6.3.2. Ezetimibe 

Ezetimibe blocks the absorption of cholesterol (from the diet and bile acids) in the 

intestine by interacting with NPC1L1 protein. (19) This in turn reduces the amount of 

cholesterol returned to the liver resulting in an up-regulation of LDL-receptors by 

hepatic cells and increased clearance of LDL-C from the circulation. (19, 136) 

Ezetimibe mono-therapy is recommended for adults who do not tolerate statins and 

ezetimibe co-administered with statin therapy for adults who do not meet LDL-C 

targets despite maximally licensed and/or tolerated dose of statins. (9, 58, 59, 85, 105, 

166, 215) The addition of ezetimibe to statin therapy can achieve an additional 14% 

decrease in LDL-C in adults with FH (229) and is associated with increased 

likelihood of reaching LDL-C treatment goals. (146, 203) Comparable benefits of co-

administrating ezetimibe with statins were reported in a RCT carried out with children 

with FH. (230) However, it is not routinely recommended for use in children unless 

there is evidence of a strong family history of premature CVD in early adulthood or if 

statins are not tolerated. (9, 58, 59, 85, 147, 166, 167, 185, 215) 

 

1.6.3.3. Bile acid sequestrants  

Bile acid sequestrants bind to, and prevent the reabsorption of, bile acids leading to 

increased production of bile acids by the liver. (30) Production of bile acids requires 
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cholesterol and thus leads to an increased clearance of LDL-C from the circulation. 

(13) While effective in reducing LDL-C, they are less effective than statins and in 

contemporary practice they are only recommended for adults or children who do not 

tolerate statin therapy. (30, 58) 

 

1.6.3.4. Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors 

Data collected from registries around the world have demonstrated that as many as 

90% of adults are not meeting the LDL-C treatment targets, even amongst those 

taking maximal therapy. (80, 203) PCKS9 inhibitors are a new class of injectable 

pharmacological treatment targeting the PCKS9 enzyme, which regulates the 

degradation of LDL-receptors on the surface of hepatic cells. (231) The currently 

licensed PCKS9 inhibitors act to reduce the amount of circulating PCKS9 enzyme 

leading to increased expression of LDL-receptors. (136, 231) The use of PCKS9 

inhibitors in addition to statins can reduce baseline LDL-C in adults with FH by an 

additional 49-63% and by 27-35% when administered in addition to statins and 

ezetimibe. (232, 233) PCKS9 inhibitors are now universally recommended as a third-

line pharmacological treatment option for adults with FH who do not respond to other 

therapies. (9, 58, 209, 234) However, due to cost considerations there is variability 

across countries as to which individuals qualify to receive this treatment and access 

remains limited for many. (9, 178) Ongoing trials are evaluating the efficacy and 

safety of PCKS9 inhibitors for children with FH, but they are not currently licensed 

for use.  (9, 235) 

 

1.6.4. Lifestyle treatment recommendations 

All clinical guidelines for the treatment of FH state that following a healthy lifestyle 

is a necessary component of treatment and advice should be provided to all children 

and adults upon diagnosis. (9, 58, 59, 85, 105, 147, 166, 167, 185, 215) Due to the 

magnitude of the LDL-C reduction required, lifestyle advice is strongly 

communicated as an adjuvant therapy to pharmacological treatment and not as a 

replacement. (9, 58, 59, 85, 105, 147, 166, 167, 185, 215) It is considered especially 

important for younger children who have not yet started medication and advocated to 

be followed from the age of two years old. The guidelines promote lifestyle treatment 

recommendations to facilitate attainment of LDL-C treatment goals, to promote 

attainment or maintenance of a healthy weight and to minimise exposure to all non-
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cholesterol CVD risk factors such as hypertension, smoking and T2DM. (9, 58, 59, 

85, 105, 147, 166, 167, 185, 215) The lifestyle treatment recommendations include 

guidance on smoking, dietary intakes and physical activity.  

 

1.6.4.1. Smoking  

All guidelines strongly emphasise the importance of communicating the CVD risks 

associated with smoking and state that individuals, especially children, should be 

strongly discouraged from starting smoking and current smokers be provided with 

specialist support to help quit. (9, 58, 59, 85, 147, 166, 167, 185, 215) Smoking 

contributes to the development of atherosclerosis and CVD through inducing 

endothelial dysfunction leading to a pro-thrombotic and inflammatory state. (236) 

Smoking is an established strong and independent risk factor for CVD in adults with 

FH. (95, 114, 121) The prevalence of smoking amongst cohorts of treated adults is 

lower than the general population. (146, 188) Data on the prevalence of smoking 

amongst children with FH is scarce but appears to be rare in the U.K. (228) 

 

1.6.4.2. Dietary intakes 

All available guidance for the treatment of FH recommends that children and adults 

should be provided with dietary advice to enable adherence to dietary treatment 

recommendations. (9, 58, 59, 85, 147, 166, 167, 185) HCPs with specialist knowledge 

in nutrition, such as dietitians, are recommended to deliver this advice. (9, 58, 59, 85, 

147, 166, 167, 185)  All guidelines state individuals should be advised to adopt a fat 

modified diet that is low in saturated fatty acids (SFA) and dietary cholesterol. (9, 58, 

59, 85, 147, 166, 167, 185) The U.K. NICE guidelines state that cholesterol intakes 

should be restricted to less than 300mg/day, total fat intake to be no more than 30% of 

total energy intake (TEI), SFA to no more than 10% TEI and to be replaced by 

monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA). (58) 

Slightly lower targets of  <7% TEI from SFA and <200mg/day cholesterol are stated 

in some guidance (59, 147, 167) and it is not specified in others. (9, 85, 166) Some 

guidelines also specify that intakes of trans fatty acids (TFA) should be reduced. (59, 

85, 166) 

 

All guidelines also emphasise the importance of encouraging individuals to achieve 

these dietary targets within the context of an overall healthy diet. (9, 58, 59, 85, 147, 
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166, 167, 185) The U.K. NICE guidelines provide specific targets for fruits, 

vegetables and fish in line with guidance for the general population and HCPs are 

advised to signpost individuals to the further healthy eating guidelines recommended 

for the general population, (58) which are based upon the principles of a 

Mediterranean diet. (237) Other guidelines do not provide any further specific dietary 

targets but suitable dietary patterns to follow and/or specific foods to include in the 

diet are provided. (59, 147, 166, 167) The commonality amongst all guidelines is a 

Mediterranean style diet. (9, 58, 59, 85, 147, 166, 167, 185) An appropriate caloric 

intake to maintain or achieve a healthy weight and the avoidance of excessive alcohol 

intake is also advised. (9, 58, 59, 166, 167, 185) The fat modified diet in the context 

of a Mediterranean style diet with appropriate energy intake to achieve a healthy 

weight is considered the standard dietary treatment for FH and henceforth will be 

referred to as the ‘cholesterol lowering diet’.  

 

While not considered an essential component of dietary treatment, the potential LDL-

C lowering effect of consuming foods containing plant sterols or stanols in addition to 

the cholesterol lowering diet is acknowledged in most guidelines. (59, 85, 147, 166, 

167) In the U.K. NICE guidance, while these foods are not actively recommended, 

individuals who choose to have them are to be supported. (58, 185)  No other dietary 

supplements are advocated in any of the clinical guidelines. (9, 58, 59, 85, 147, 166, 

167, 185) 

 

1.6.4.3. Physical activity 

Physical activity is considered to be an important component of lifestyle treatment 

and is promoted as part of treatment for children and adults across all guidelines. (9, 

58, 59, 85, 147, 166, 167) However, no specific guidance is provided except in the 

U.K. guidelines, which advise individuals to follow the recommendations for the 

general population. (58, 238)  

 

1.7. Developing and evaluating a diet and physical activity intervention  

The U.K. Medical Research Council (MRC) guidance for the development and 

evaluation of complex interventions (239) has been used as a framework in 

developing the intervention to be described in this thesis. This section will provide 

details of what a ‘complex’ intervention is, briefly introduce the implications for 
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intervention development and evaluation and provide an overview of how the MRC 

framework was applied to this research. 

 

1.7.1. Complex health interventions 

Compared to RCTs evaluating pharmacological interventions, interventions targeting 

health behaviours such as diet and physical activity are viewed as being ‘complex’ as 

they involve multiple and interacting components. (240, 241) The complexity of a 

health behaviour intervention is also evident in its implementation, where it can 

interact with contextual factors. (240, 241) Context can be defined as: ‘any feature of 

the circumstances in which an intervention is implemented that may interact with the 

intervention to produce variation in outcomes’. (242) Specific examples include the 

infrastructure and availability of resources within the setting in which the intervention 

is delivered and the cultural practices, beliefs and attitudes of those delivering and 

receiving the intervention. (240-242) Several key dimensions of complexity have 

been proposed: (240-242) 

• The number of, and any interactions between, components within the 

intervention  

• The range of behaviours required by the deliverers and recipients of the 

intervention and how difficult or variable they may be 

• The number of groups or organisations targeted by the intervention 

• The number and variability of outcomes 

• The extent to which adaptation of the intervention to different contexts is 

allowed 

 

The complexity of health interventions is now widely recognised and guidance has 

been developed to assist researchers developing and evaluating interventions. (240, 

241, 243) It is now recognised as a distinct type of intervention in the Cochrane 

Collaboration Group handbook for systematic reviews of interventions. (244) 

 

1.7.2. Designing and evaluating complex interventions  

Developing and evaluating complex interventions is a recognised challenge within 

healthcare research. (240, 241, 243) The need to distinguish complex interventions 

from other ‘simple’ pharmacological interventions was driven by the recognised need 
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to expand the existing knowledge of the effectiveness of public health and healthcare 

interventions and understand not just if an intervention is effective but also why and 

in what contexts. (243) While RCTs are considered the gold-standard method for 

identifying casual relationships and determining the efficacy of pharmacological 

interventions, caution must be taken when evaluating the effectiveness of complex 

interventions. (240, 245) This is because they may not fully consider the relationship 

between components of its complexity and the context in which it is delivered and 

received and the implications of this upon the outcomes. (245, 246) Furthermore, 

health behaviours can be difficult to change and a comprehensive understanding of 

the behaviours and the factors influencing them in the target population is needed to 

develop an effective intervention. (239, 247) 

 

1.7.3. MRC guidance to development and evaluation of complex interventions 

The MRC framework for the development and evaluation of complex interventions 

recognises the aforementioned difficulties, provides structured guidance for 

researchers and has been used widely in healthcare settings. (239, 241, 247) As 

displayed in Figure 1.1, the framework depicts the development and evaluation of an 

intervention to be comprised of four key components: Development, feasibility and 

piloting, evaluation and implementation. (239) The framework recognises that 

researchers may often go back and forward between the components and will also be 

subject to time and financial restraints. (239) 

 

 

Figure 1.1 The Medical Research Council (MRC) framework for developing and 

evaluating complex interventions. Reproduced from Craig et al (2008). (239) 
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The framework emphasizes the importance of developing evidence and theory 

informed interventions and conducting feasibility testing. (239) This allows for 

identification of any potential uncertainties regarding recruitment, retention, delivery 

and acceptability of the intervention. (239) At this stage decisions can be made on 

whether the intervention should proceed to a full-scale evaluation in a fully powered 

trial pending refinements highlighted through the feasibility testing, or whether 

further evaluation is unwarranted. (240, 241) A transparent, systematic and theory 

approach to developing interventions is advocated to enable a subsequent in-depth 

evaluation of effectiveness to explore both if and how an intervention was effective or 

not. (240, 241) This enables the identification of any refinements required and allows 

for replication of successful interventions across other contexts, thereby increasing its 

‘scalability’. (241, 247)  Scalability is an important concept in health research and is 

commonly defined as ‘the ability of a health intervention shown to be efficacious on a 

small scale and/or under controlled conditions to be expanded under real world 

conditions to reach a greater proportion of the eligible population while retaining 

effectiveness.’ (248, 249) 

 

1.7.4. Application of the MRC guidance in this thesis 

This research will focus upon the first two stages of the framework: development and 

feasibility and pilot testing. (239) The results will be used to refine the intervention 

and trial design ahead of a full evaluation of effectiveness in a fully powered RCT, if 

deemed appropriate.  

 

1.8. Overview and aims of thesis 

This thesis is divided into four results chapters, each addressing individual but 

complementary aims. An overview is provided below and details of the four 

publications arising from these studies are provided on pages 1-2 of this thesis and 

displayed in Appendices 1.1, 1.2, 1.3 and 1.4.  

 

1.8.1. Aim one (chapter 1) 

The first aim was to: Explore the existing evidence base for the role of diet and 

physical activity in the treatment of children and adults with FH. This aim was 

addressed by conducting a literature review of the available research regarding the 
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role of diet and physical activity in the prevention of CVD in adults and children in 

the general population and in those affected by FH.  

   

1.8.2. Aim two (chapter 3) 

The second aim was to: Determine the factors influencing behaviours relating to 

pharmacological and lifestyle treatment recommendations in adults and children with 

FH. This aim was addressed by conducting a qualitative evidence synthesis of the 

available qualitative evidence investigating the experiences and beliefs of individuals 

with FH in relation to their condition and its treatment to identify enablers and 

barriers to adherence with treatment recommendations. 

 

1.8.3. Aim three (chapter 4) 

The third aim was to: Develop a theoretically informed behaviour change 

intervention targeting dietary and physical activity behaviours in adults and children 

with FH. This aim was addressed through the systematic development of a theory 

informed behaviour change intervention, informed by the qualitative evidence 

synthesis findings.  

 

1.8.4. Aim four (chapter 5) 

The fourth aim was to: Evaluate the feasibility, acceptability and potential 

effectiveness of delivering the developed intervention to children and adults with 

FH in a randomised controlled trial. This aim was addressed by designing and 

conducting a randomised controlled, feasibility trial to assess the feasibility and 

acceptability of delivering the designed intervention to individuals with FH. 

Qualitative interviews were conducted with a sub-sample of the study participants to 

explore the acceptability of the research methodology and intervention in more depth. 

The potential effectiveness of the intervention upon CVD risk factors, dietary and 

physical activity behaviours was explored through analysis of quantitative outcomes 

collected in the trial. Finally, upon analysis of all results, recommendations for a 

future fully powered randomised trial were made including an estimation of the 

sample size required.  
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Chapter 2  

Literature review  

2.1. Overview of chapter  

Despite being universally advocated as an essential component of treatment adjuvant 

to pharmacological therapies, there is a recognised lack of evidence to support the 

effectiveness of dietary and physical activity treatment recommendations upon LDL-

C treatment goals, prevention or treatment of other risk factors and overall CVD risk 

amongst individuals with FH. (250-253) This chapter will address the first aim of this 

thesis: Explore the existing evidence base for the role of diet and physical activity in 

the treatment of children and adults with FH. This was achieved by conducting a 

literature review of the research regarding the role of diet and physical activity in the 

treatment CVD in the general population and in individuals affected by FH.  

 

2.2. The role of diet an physical activity treatment in CVD 

This section will provide an overview of the evidence concerning the role of diet and 

physical activity in lipoprotein metabolism and CVD, which has informed the 

development of recommendations for individuals with FH. (30, 209)  It is beyond the 

scope of this thesis to provide a comprehensive description of the extensive evidence 

base and the focus will be upon the evidence for the current recommendations for the 

management of FH, which is the cholesterol lowering diet, plant sterols and stanols 

and physical activity. The emphasis will be on LDL-C but an overview of the 

evidence for other risk factors known to influence the CVD risk associated with FH, 

such as hypertension and low HDL-C, will be provided.  

 

2.2.1. The cholesterol lowering diet and CVD 

2.2.1.1. Saturated, monounsaturated and polyunsaturated fatty acids 

SFA are proposed to raise LDL-C and CVD risk through several mechanisms 

including a decrease in the number and activity of LDL-receptors. (254) Conversely, 

dietary intakes of MUFA and PUFA have been associated with alterations in 

membrane fluidity, enhancing the binding and uptake of LDL-C by the LDL-

receptors. (255-257) The n-3 class of PUFA is proposed to improve CVD health 

through mechanisms unrelated to LDL-C concentrations including improving 

endothelial cell function and reducing TAG concentrations. (257, 258) MUFA may 
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also modulate CVD risk through increasing HDL-C and lowering blood pressure. 

(254, 259) 

 

National dietary guidelines across the world recommend reducing intakes of SFA, yet 

the role of dietary fats in the development of CVD has been the subject of contentious 

debate for several decades. (260) Contemporary research, which has focused upon the 

types, rather than the total amount, of dietary fats has provided more conclusive 

answers. (254) The AHA and the Scientific Advisory Committee on Nutrition 

(SACN) both recently conducted comprehensive reviews and concluded that reducing 

SFA intake lowers total cholesterol, LDL-C and the risk of CVD events. (261, 262) A 

meta-analysis of 15 long-term RCTs concluded that reducing SFA reduces the risk of 

CVD events by 21% with the biggest effects apparent when PUFA were used to 

replace saturated fats. (263) The strongest factor influencing the magnitude of CVD 

reduction was the magnitude of total cholesterol lowering, indicative that lowering 

SFA intake reduces the LDL-C burden associated with accelerated atherosclerosis. 

(263)   

 

While the evidence for the most suitable nutrient to replace SFA is less clear, 

substitution with unsaturated fats, especially PUFA, reduces LDL-C with no 

detrimental effect upon HDL-C and continues to be universally advocated for the 

primary and secondary prevention of CVD. (261-263) However, consensus on the 

optimal amount of PUFA and MUFA to include in the diet has not yet been reached. 

(254) While data from long term RCTs with CVD outcomes conducted in children are 

not available, total fat and SFA intakes have been reported to be associated with 

raised LDL-C amongst children. (264) The safety and effectiveness of dietary 

interventions to reduce LDL-C in children aged 2-18 years by lowering SFA, and 

increasing MUFA and PUFA, have been demonstrated. (265) 

 

2.2.1.2. Trans fatty acids 

High intakes of TFA raise total cholesterol, LDL-C and TAG, decrease HDL-C and 

cause endothelial dysfunction. (254, 266) Intakes of TFA are independently 

associated with CVD morbidity and mortality. (267-269) TFA are found naturally in 

meat products but the main dietary source is artificially made TFA from the partial 

hydrogenation of vegetable oils to make semi-solid fats used in commercial cooking 
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and processed foods. (254, 270) Intakes of TFA are to be as low as possible with 

maximum intakes of 2% of TEI advised in the U.K. (261, 268) The average intake of 

TFA amongst adults and children in the U.K. have decreased over the past two 

decades, largely due to voluntary reductions in TFA use by industry, (271) and are 

now below 2% TEI. (272) However, intakes in other less developed countries remain 

high and efforts are ongoing to introduce mandatory legislation on the use of TFA in 

food manufacturing. (270, 271, 273) 

 

2.2.1.3. Dietary cholesterol 

Cholesterol is found in high amounts in eggs, shellfish and offal, and in small 

amounts in other animal products including meat, poultry and full fat dairy. (274, 

275) Compared to the cholesterol synthesized within the body, dietary sources of 

cholesterol contribute a relatively small amount to the total cholesterol levels in the 

liver (13) and its effect upon blood cholesterol levels and CVD risk has been a topic 

of controversy for several decades. (274-276) Recent evidence has suggested that the 

link between dietary cholesterol, blood cholesterol concentrations and CVD may not 

be as strong as previously thought. (274, 275) With the exception of eggs and prawns, 

cholesterol-containing foods are also high in SFA, which has been proposed to 

mediate the relationship between dietary cholesterol and CVD risk reported in 

observational studies. (274, 276) For example, when eggs are used as a marker of 

cholesterol intake no relationship with CVD can be found. (274, 277) Accordingly, 

most population level dietary guidelines place more focus upon reducing SFA and 

less upon cholesterol intake. (274, 276) However, it is still universally recommended 

that individuals with existing high cholesterol limit intakes of dietary cholesterol. (30, 

209, 274)  

 

2.2.1.4. Mediterranean dietary pattern  

Dietary patterns, which emphasise foods rather than nutrients, are a more appropriate 

method to communicate dietary recommendations at a population level as opposed to 

absolute values of nutrients. (278, 279) The Mediterranean dietary pattern is derived 

from the traditional diets of several southern European populations and while there 

are regional variances, the key features are: high intake of cereals, grains, fruits, 

vegetables, legumes, nuts, beans, fish and unsaturated fats; moderate consumption of 

dairy products; low intakes of alcohol and meat products. (280, 281) Meta-analyses of 
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observational studies and RCTs report strong associations between the Mediterranean 

diet and reduced CVD risk. (280, 282) Accordingly, this dietary pattern forms the 

basis of most dietary guidelines for healthy populations, those with high cholesterol 

and in the primary and secondary prevention of CVD. (30, 209, 237, 283) 

 

The Mediterranean dietary pattern facilitates attainment of the dietary fatty acid 

composition recommended for all individuals with elevated total and LDL cholesterol 

concentrations. (30) It also contains many foods that are high in dietary fiber, and a 

recent umbrella review of meta-analyses found fiber to be associated with a reduced 

incidence of CVD. (284) Of particular importance is soluble fiber, which has been 

found to significantly reduce total and LDL cholesterol. (284-287) In vivo and in vitro 

studies have demonstrated that soluble dietary fibers bind to micelles in the small 

intestine, preventing them from being absorbed and increasing the excretion of 

cholesterol containing bile salts. (288) Accordingly, the importance of dietary fiber is 

advocated in guidelines for the management of high cholesterol (30, 209) and 

prevention of CVD. (136) 

 

The LDL-C lowering effect of the Mediterranean diet is hypothesized to be one of the 

major mechanisms through which CVD risk is reduced. (289) Clinical trials 

conducted in populations of adults with existing high cholesterol have consistently 

reported significant LDL-C lowering effects of the Mediterranean diet, (290) which 

are independent from weight loss. (291, 292) Furthermore, a network meta-analysis of 

RCTs conducted in overweight or obese adults reported that while weight loss was 

not sustained at 12 months for any of the 14 included diets, the LDL-C reductions 

associated with the Mediterranean diet remained significant. (293) The reduced CVD 

risk has been demonstrated to be mediated by several other mechanisms, including a 

reduced risk of developing T2DM; (294, 295) decreased inflammation and improved 

endothelial function; (296) reduced waist circumference; (297, 298) reduced blood 

pressure; (298-300) reduced plasma TAGs;  (297, 298) increased HDL-C 

concentrations. (298)  

 

2.2.2. Plant sterols and stanols and CVD 

Phytosterols are biologically active compounds found in plants that are structurally 

comparable to cholesterol and have functions in plants similar to the role of 
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cholesterol in humans. (301) A large range of phytosterols, and their saturated 

derivatives phytostanols, have been found to exist in plants and they are more 

commonly referred to as plant sterols and stanols. (302) They are not synthesized in 

the human body and are consumed in the diet where they exist naturally in an 

esterified form in vegetable foods, especially oils, nuts, seeds and cereals. (301, 303) 

During digestion they are broken down by enzymes into free plant sterols and stanols 

and incorporated into micelles with dietary and biliary cholesterol. (302, 303)  

Subsequent transportation of cholesterol, plant sterols and stanols from the micelles to 

the intestinal cells is dependent on the NCP1L1 transporter. (19, 302)  However, once 

inside the intestinal cells unlike cholesterol they are a poor substrate for ACAT and 

most remain as free plant sterols and stanols, which are not easily incorporated into 

chylomicrons. (302, 303)  As a result, most are transported back into the intestine 

lumen with only ~0.5-2% of plant sterols and stanols absorbed into circulation. (302, 

303)  They are transported by lipoproteins to the liver to be excreted in bile, although 

peripheral tissues take up a small fraction. (302, 303) It is widely accepted that plant 

sterols and stanols interfere with cholesterol absorption by displacing cholesterol from 

micelles. (301-305) Subsequently, less dietary cholesterol is absorbed, in turn 

reducing the total circulating cholesterol levels. (301, 302, 305) Once absorbed, plant 

sterols and plant stanols have been proposed to reduce cholesterol levels through 

other mechanisms, such as influencing the activity levels of proteins involved in 

cholesterol homeostasis, although the evidence is less conclusive. (301-303) 

 

Plant sterols and stanols occur only in small amounts in the diet and a range of 

fortified functional foods have been developed such as yogurts, margarine, milk and 

cereal bars. Dietary supplementation with 2-2.5g/day of plant sterols or stanols 

significantly reduces LDL-C in children and adults by 8-14%. (306-311) Dose-

response relationships exist for both plant sterols and stanols up to intakes of ~3g per 

day. (306, 311) These effects are reproducible regardless of background diet, age, 

gender, ethnicity (303, 312) and are additive to statin therapy. (307, 308) At intakes of 

2-2.5g/day they have been demonstrated to be safe and not linked to adverse effects 

on health in the short-term, (308, 313, 314) and have been approved by several 

regulatory agencies including the European Food and Safety Authority (EFSA). (310) 
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It is acknowledged that there is no evidence from clinical trials with hard CVD 

endpoints to support the effectiveness of these products to reduce CVD risk. (308) 

However, in light of the significant reduction in LDL-C, without evidence of any 

adverse short-term effects, the EAS consensus panel concluded that plant sterol and 

stanol fortified foods may be considered in three groups: 1) individuals at moderate 

risk of CVD who do not meet requirements for pharmacological treatment; 2) as an 

adjuvant to pharmacological therapy in individuals at high or very high risk of CVD 

who fail to achieve LDL-C targets; 3) individuals aged >6 years with FH alongside 

dietary and pharmacological therapy. (308) Following this statement, the use of 

2g/day plant sterols and stanols for individuals with high cholesterol, as an adjuvant 

to other lifestyle and pharmacological treatment, are indicated in European and 

American clinical recommendations. (30, 209) Furthermore, health organizations in 

the U.K. such as the British Heart Foundation (BNF) and HEART UK: The 

cholesterol charity, recommend plant sterols and stanols in their guidance to reduce 

blood cholesterol.  (315, 316) However some clinical guidelines do not include this 

recommendation in recognition that there is no evidence that CVD events are reduced. 

(317)  

 

2.2.3. Physical activity, sedentary behaviours and CVD 

2.2.3.1. Physical activity 

Physical activity is defined ‘as any bodily movement produced by skeletal muscles 

that requires energy expenditure.’ (318) Low levels of physical activity amongst 

adults are associated with an increased risk of CVD morbidity and mortality in a 

dose-response manner. (319, 320) Numerous expert panels have reviewed the 

extensive evidence base and developed evidence-based guidelines for the amount and 

type of physical activity healthy children and adults should engage in to achieve 

optimal health outcomes, which are similar worldwide. (238, 321, 322) Evidence 

syntheses carried out for the development of clinical guidelines for individuals at risk 

of CVD reached similar conclusions and the recommendations are the same as for 

healthy individuals. (136, 283) Physical activity is also recognised as an essential and 

effective component of cardiac rehab programs in the secondary prevention of CVD.  

(323-325) 
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The protective effect of physical activity is attributed in part to its beneficial effect 

upon CVD risk factors. (326) Physical activity is associated with decreased incidence 

of hypertension (327) and increasing aerobic exercise reduces SBP and DBP in 

normotensive and hypertensive adults regardless of weight status. (328) An inverse 

association between physical activity and risk of T2DM has been demonstrated, 

mediated in part by reductions in body fatness, (329) and interventions incorporating 

physical activity have been successful in reducing the incidence of T2DM in high risk 

populations. (330) These effects are related to improvements in insulin sensitivity and 

glycaemic control, due in part to physical activity induced adaptations to skeletal 

muscle. (330, 331) Research indicates that regular physical activity can help prevent 

weight gain (332) and promote weight maintenance after weight loss. (333) This is 

proposed to be due to the increased total energy expenditure from performing 

physical activity and increased resting metabolic rate.  (334) RCTs have demonstrated 

that physical activity is rarely sufficient on its own to achieve significant weight loss 

and/or reduce CVD risk and is most effective alongside dietary changes. (335-337) 

Meta-analyses of RCTs examining the effect of physical activity upon blood lipids in 

adults with normal lipids levels and dyslipidemia have consistently reported increases 

in HDL-C which are influenced, but not dependent upon, concomitant changes in 

weight or dietary changes. (338-343) However, amongst adults taking statins the 

evidence is less clear, largely due to a lack of research. (344) The mechanisms behind 

the increased HDL-C are not fully understood, but it is proposed that physical activity 

may up-regulate the synthesis and expression of proteins involved in HDL-C 

formation and reverse cholesterol transport. (343) Physical activity is also proposed to 

increase the activity of the LPL enzyme that is responsible for the hydrolysis of TAG 

from chylomicrons and VLDL particles, thus acting to increase clearance of lipids 

from the circulation. (343) However, research examining the effects of exercise upon 

concentrations of LDL-C and total cholesterol is inconclusive and findings are 

influenced by baseline BMI and lipid levels; change in weight or body fatness and the 

duration and intensity of the exercise. (338-343, 345) However, beneficial effects 

upon LDL-C particle size are often observed without contaminant change in LDL-C 

concentration. (346, 347)  

 

Data from observational studies in children have indicated that physical activity can 

exert beneficial effects upon blood pressure, (348, 349) BMI and body fatness. (350) 
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Observational research regarding associations with total and LDL cholesterol is 

inconclusive, (351, 352) although evidence to support a relationship with increased 

HDL-C is stronger. (353-360) Several RCTs investigating the impact of physical 

activity upon blood lipids in children have reported beneficial effects upon HDL-C 

but mixed results regarding total cholesterol and LDL-C. (361-365) Most trials have 

been conducted in overweight or obese children and sub-group analyses of children of 

healthy weight have suggested that benefits to the lipid profile may be restricted to 

children with high baseline BMIs and be modified by subsequent changes in weight 

and body fatness. (352, 362, 366) The main rationale for physical activity in 

childhood is to prevent the development of CVD risk factors, which act to accelerate 

the progression of atherosclerosis, (157, 159) and tend to persist into adulthood and 

increase CVD risk. (155, 158, 367-369) 

 

The beneficial effects upon CVD risk factors do not fully account for the reduction in 

CVD risk associated with physical activity. (370-372) While not yet fully understood, 

several mechanisms have been proposed including: reduced arterial stiffness; 

regeneration and repair of the vascular wall and endothelial cells; cardiac adaptations 

including increased mass and improved contraction; reduced concentrations of 

inflammatory factors. (370-372) 

 

2.2.3.2. Sedentary behaviour  

Independent from levels of physical activity, increased time spent in sedentary 

behaviours is associated with increased CVD risk in adults. (373-377) The 

relationship between sedentary time during childhood and CVD risk factors is less 

clear and reducing sedentary time may not be as beneficial as increasing physical 

activity. (378-381) However, since 2011 advice to reduce sedentary time has been 

included in the U.K. physical activity guidelines for children and adults. (238) Over 

the past decade the inclusion of this additional advice has become increasingly 

common across guidelines produced in different countries (322) and in guidelines for 

the prevention of CVD. (283) In addition to contributing to the development of risk 

factors including hypertension and high BMI, (382) prolonged periods of sitting have 

been proposed to increase CVD risk through other mechanisms including impaired 

glucose metabolism, (383) impaired endothelial cell function (384) and increased 

concentrations of inflammatory markers. (385) There is little evidence investigating 
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the effects of sedentary behaviour upon blood lipid profiles in either adults and 

children . (382) 

 

2.3. Evidence for the effectiveness of diet and physical activity for treatment of FH 

This section will discuss the available evidence to support the role of diet and 

physical activity in the treatment of FH. It will first provide an overview of the 

observational evidence that suggests lifestyle behaviors may influence the attainment 

of LDL-C treatment goals and CVD risk amongst individuals with FH before 

providing an overview of the results from clinical trials.  

 

2.3.1. Observational evidence 

While the elevated CVD risk amongst individuals with FH is unquestionably caused 

by a life-long exposure to genetically driven high levels of LDL-C, not all individuals 

with FH who receive treatment will experience CVD and for those that do, the onset 

and severity of the disease varies substantially. (386, 387) The magnitude of LDL-C 

elevation is primarily determined by the underlying pathogenic variant and specific 

variants associated with increased LDL-C are also associated with higher CVD risk. 

(71, 77, 203, 204) However, variations in LDL-C (204, 388) and CVD risk (204, 389) 

amongst individuals with the same genetic variant have been reported. Male gender, 

(95) smoking, (95) the age treatment is initiated (85, 390) and a previous history of 

CVD (102) have been identified to account for some, but not all, of the variance in 

risk. It is hypothesized that environmental factors, including dietary and physical 

activity behaviours, may modulate the CVD risk faced by individuals with FH. (252) 

This may be mediated via changes to LDL-C concentrations or other clinical risk 

factors influenced by diet and physical activity in the general population such as 

hypertension, low HDL-C and obesity. (95, 136, 341) 

 

Amongst Chinese individuals carrying the same FH causing pathogenic variant, those 

living in Canada were found to have significantly higher LDL-C concentrations and 

more frequently have a history of premature CHD compared to those living in China. 

(391) This difference was attributed to the individuals living in Canada consuming 

more SFA, being less physically active and having higher BMIs. (391) The CVD 

mortality risk amongst generations of families carrying the same pathogenic variant 
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has been found to vary amongst generations, implying that environmental factors 

modulate the CVD risk associated with FH.  (392-394) 

 

Differences in adiposity, but not dietary intakes, have been found to account for 

variance in the LDL-C concentrations of children with FH. (395) Higher BMIs have 

also been found to be associated with higher LDL-C amongst adults with FH. (396) 

Additionally, research conducted in Brazilian and Spanish cohorts reported inverse 

relationships between fiber, MUFA and PUFA dietary intakes and LDL-C 

concentrations. (397) Amongst adults with FH who had not yet experienced a CVD 

event, self-reported physical activity was found to be an independent predictor of 

carotid IMT. (117) Decreased exercise capacity, measured by an exercise tolerance 

test, was found to significantly predict CHD events in adults with FH during a 6-year 

follow-up period. (398) These results suggest that physical activity levels and aerobic 

fitness may influence the progression of atherosclerosis and CVD. Little research has 

been conducted in children with FH, but a cross-sectional study observed that self-

reported levels of physical activity were not associated with blood lipid profiles or 

BMI amongst children with FH. (399) However, time spent in sedentary behaviors 

was associated with increased BMI.  (399) 

 

Longitudinal follow-up studies of adults and children with FH who have received 

treatment demonstrate that this population group remains susceptible to developing 

risk factors associated with poor dietary and physical activity behaviours including 

hypertension and obesity. (188, 228, 400-402) Although the prevalence of T2DM has 

been reported to be lower amongst adults with FH compared to the general 

population, high BMI and hypertension have been identified as significant predictors 

for its development. (403, 404) These findings are concerning as a meta-analysis of 

27 observational studies conducted in cohorts of treated adults with FH found 

hypertension, T2DM and increased BMI to be independently associated with 

increased CVD risk. (95) 

 

2.3.2. Clinical trials 

Before the safety of medication for the treatment of children with FH was 

demonstrated, lifestyle treatment was considered the first line treatment and medical 

therapy only indicated if LDL-C did not respond to lifestyle changes. (223, 405) 
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Therefore often in drug trials, all participants took part in a dietary intervention prior 

to being selected for the drug or control arm of the trial. (406-408) Prospective cohort 

studies have also been conducted to examine the effectiveness of delivering lifestyle 

advice to children not receiving pharmacological treatment. (127, 409-412) A 

comprehensive literature review conducted for this thesis identified eight such trials 

performed in children with FH, displayed in Table 2.1. These trials reported 7-17% 

decreases in baseline total cholesterol and 5-13% decreases in baseline LDL-C, (406-

408, 410-412) with significant reductions in HDL-C reported in only one trial. (407) 

The two studies carried out in the early 1990s provided participants with fat 

modification advice, but little detail was provided about the advice given or who by. 

(406, 407) The six more recent trials provided more details of the advice given, with 

all children reported to have received dietetic counselling sessions with their parents, 

ranging from one to seven hour-long sessions, in which details of fat modification and 

the Mediterranean dietary pattern were discussed. (127, 408-412) Physical activity 

was included as a component of the dietetic counselling session in one trial only, 

(127) but was ‘encouraged’ in two further studies. (408, 409) Plant sterols and stanols 

were recommended in one trial, but adherence was not assessed. (412) Four studies 

assessed adherence to diet and reported intakes of cholesterol, total fat and SFA to be 

within recommended ranges. (127, 406, 410, 411) Only one study provided details of 

other nutrients such as fiber, which was significantly increased. (127) Three studies 

did not report measuring dietary intakes (407, 409, 412) and one did not provide 

details (408) thereby limiting the ability to attribute changes in lipid profile to the diet. 

Additionally, no trials reported baseline dietary intakes and it is unknown how much 

dietary intakes were changed. (127, 406-412) Only one trial measured physical 

activity levels and the proportion of children meeting the recommendations increased. 

(127)  

 

In theory, the LDL-C reductions achieved in the children who went on to receive 

medical treatment after the dietary intervention should reflect the lipid profile changes 

that can be achieved with combined dietary and pharmacological treatment, however 

dietary intakes were not assessed. (406-408) Similarly, of the nine RCTs included in a 

meta-analysis evaluating the efficacy of statin treatment in children, (103) only one 

reported details of the dietary advice provided to the children in the placebo and statin 

groups, (413) and adherence to the diet was only assessed in one study which reported 
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total fat and SFA intakes to be in excess of the recommendations. (414) No study 

reported including physical activity advice alongside dietary advice. A literature 

search carried out for this thesis identified no similar trials involving adults with FH 

and while the affected parents were included in several dietary trials involving 

children, no data was collected. (127, 408-412) 

 

Two similar types of clinical trial have been carried out to evaluate the addition of 

plant sterols and stanols to the cholesterol lowering diet in children and adults with 

FH. (415, 416) Consumption of 2g/day plant sterols in addition to the cholesterol 

lowering diet was reported to decrease total cholesterol and LDL-C in children by a 

further 9% and 11%, respectively, with no changes to HDL-C. (415) All children 

were adherent to the background diet before and during the trial, however there was 

no control group. (415) A prospective follow-up study of adults and children showed 

that consuming 2.2g/day of plant stanols in addition to the cholesterol lowering diet 

resulted in further LDL-C lowering of 18% in children and 12% in adults. (416) 

Furthermore, a 20% decrease in LDL-C was observed in adults also taking statins. 

(416) However, there was no control group and adherence to the background 

cholesterol lowering diet was not assessed at baseline or follow-up. (416) 

 



 47 

Table 2.1 Clinical trials investigating the efficacy of the cholesterol lowering diet in children with FH 

Reference Study population Study design Comparator  Dietary intervention Results Adherence to diet & limitations 
Efficacy and Safety of 

Cholestyramine Therapy 

in Peripubertal and 
Prepubertal Children With 

FH (1996) (406) 

 

96 children with FH 

(57 M, 39 F); aged 6 

to 10 years; no 
medication  

Prospective clinical follow-up of 

children first following dietary 

treatment then split into two groups: 
group 1 remained on diet only and 

group 2 received bile acid 

sequesrant therapy as well as LDL-
C was still >4.9mmol/l 

Pre and post dietary phase 

of the study (both groups 

included) then diet only 
versus diet plus medication 

Provided with dietetic advice 

about a fat modified diet and 

asked to adhere for 52 weeks.  
 

Dietary targets were Total fat 

≤30% TEI 
SFA ≤ 10% TEI 

Cholesterol ≤200mg.  

 
No other information about 

dietary advice provided.   

 

The dietetic advice resulted 

in an average dietary intake 

of 23% TEI from fat, 8% TEI 
from SFA and cholesterol 

67mg/day 

 
LDL-C was reduced by 5%; 

no changes in HDL.   

 
 

Dietary adherence assessed but baseline 

dietary intakes not known therefore not 

clear the extent of changes in diet.  

Diet only and diet plus 

simvastatin in the 

treatment of 
heterozygous FH in 

childhood (1996) (407) 

16 children FH (7 

males,9 female); aged 

6-12 years 

Randomised trial with an initial 3 

month diet free wash out phase 

followed for dietary treatment for 6 
months before being randomally 

assigned to remain on diet only or 

to also take 10mg simvastatin for 12 
months  

Diet versus diet plus 

simvastatin in children  

Instructed to follow diet 

comprised of: Total fat ≤30% TEI 

SFA ≤ 10% TEI 
Cholesterol ≤200mg  

 

No other information about 
dietary advice provided.   

Diet only group had 17% and 

7% decrease in TC and LDL-

C; HDL-C decreased 7%   
 

Dietary adherence not assessed   

 

Likely wash-over effects from previous 
dietary advice given at diagnosis before 

the wash-out period before baseline 

lipids measured.  

Effect of a low-fat diet 

enriched either with 

rapeseed oil or sunflower 
oil on plasma lipoproteins 

in children and 
adolescents with FH. 

(2015) (411) 

21 children with FH, 

aged 6-18 years old; 

Austria; no mediation  

Randomised doubled blind trial of 

two variations of the fat modified 

diet for 3 months  

Diet and rapeseed oil (RO) 

versus diet and sunflower 

oil (RO) 

All: Six hour long family based 

dietetic sessions over 3 month 

intervention period; dietary 
targets were total fat ≤30% TEI,  

SFA ≤ 10% TEI,  
Cholesterol ≤300mg; variety of 

different healthy eating topics 

covered in each session to attain 
gradual change in diet; MD 

principles.  

Plus 

RO group: Provided with RO to 

use for cooking etc. 

SO group: provided with SO oil  

No difference between 

groups; both reduced TC by 

9% and LDL-C by 13% with 
no change in HDL-C  

Dietary intake assessed by 4 day diet 

diaries every two weeks throughout trial 

and a 7 day diet diary at baseline and 
endpoint was obtained  

 
Compliance to diet was reported to be 

high but data not provided 

 
31 children started intervention but only 

21 completed trial and included in 

analysis. 10 did not comply to the six 
dietetic counseling sessions or found oil 

too much to consume  

Effect of a rapeseed oil 
substituting diet on serum 

lipids 

and lipoproteins in 
children and adolescents 

with FH. (2002) (410) 

17 children (6 M and 
11 F) with FH; aged 4 

to 18 years; Austria; 

no medication in two 
months prior to study 

and throughout  

Five month intervention, no control 
group 

Comparison of pre and 
post receiving dietary 

intervention, no 

comparison or control 
group 

Child and rest of family (parents 
and siblings) met with dietitian 7 

times over 5 month period; 

instructed to replace all visible 
sources of fat by rapeseed oil and 

reduce cholesterol; dietary targets 

were total fat ≤30% TEI,  
SFA ≤ 10% TEI, Cholesterol 

≤300mg; MD principles; 

motivation and counseling given 

Mean total fat intake was 
29% TEI ,SFA was 9% TEI 

and cholesterol 96mg/day. 

 
TC reduced 10% and LDL-C 

by 7%; and HDL did not 

change.  

Diet adherence assessed by 3 day 
weighed food diary before each dietetic 

session.  

 
No baseline dietary data collected  

Lipid and lipoprotein 

profiles in children with 

FH: effects of therapy. 
(1998)  

(408) 

 
 

 

Sub-group of 71 

children (35 M, 36 F) 

with FH; aged 1 to 18 
years, mean 9.8 years; 

no medication at 

baseline 

Retrospective clinical follow-up of 

children who had received diet or 

diet plus medication. All received 6 
months dietary treatment then if 

LDL-C had not decreased were 

prescribed medication in addition to 
dietary treatment.  

Comparison of pre and 

post receiving dietary 

advice and then dietary 
treatment versus diet 

treatment plus bile acid 

sequestrants   

Children and parents in both 

groups received dietetic 

counseling and dietary targets 
were total fat ≤30% TEI,  

SFA ≤ 10% TEI,  

Cholesterol ≤300mg; MD 
principles; PA encouraged  

TC reduced by 7% and LDL-

C by 10% in diet only; no 

change in HDL-C 
 

TC reduced 30% and LDL-C 

by 26% in diet plus 
medication. Lp(a) unchanged 

in both groups 

5 day food records collected every 3 

months throughout dietary intervention 

only and data not presented  
 

PA not assessed 

 
10 ‘did not present regularly’ do were not 

included in analysis  
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Dietary Counseling Is 

Associated With an 

Improved Lipid Profile in 

Children With FH (2016) 
(409) 

Sub-group of 10 

children with FH; aged 

10-15 years; Norway; 

not on medication 

Prospective clinical follow-up of 

children who had received dietary 

counseling upon diagnosis of FH 

and had been prescribed additional 
medication 

Comparison of pre and 

post receiving dietary 

intervention, no 

comparison or control 
group 

Children and parents in both 

groups received 1 hour dietetic 

counseling and dietary targets 

were total fat ≤30% TEI,  
SFA ≤ 10% TEI,  

Cholesterol ≤300mg; MD 

principles; PA encouraged 

Median 22% reduction of 

both TC and LDL-C.  

HCL-C unchanged.  

 
(mean values were not 

included, this high % 

reduction was not included in 
the text in introduction) 

Dietary intakes not assessed at follow-up 

so adherence to diet not known 

 

PA not assessed 
 

Efficacy of Therapeutic 

Lifestyle Changes on 
Lipid Profiles Assessed by 

NMR in Children with FH 

and non-familial 
hypercholesterolaemia 

(2020) (127) 

 

Sub-group of 64 

children (72% with 
genetic diagnosis); 

aged 6-12 years old; 

Spain; no medication  

Prospective clinical 1 year follow-

up of children who received dietary 
and PA counseling upon diagnosis 

of FH 

Comparison of blood lipids 

and dietary intakes and PA 
levels pre and post 

receiving dietary 

intervention over 1-year, 
no comparison or control 

group 

Six dietetic sessions delivered to 

child and parents over 1 year, 
each focused on different aspect 

of healthy eating and one on PA; 

tailored advice based on MD 
principles given; dietary targets 

were total fat ≤30% TEI,  

SFA ≤ 10% TEI,  
Cholesterol ≤300mg; 

SFA and total fat decreased 

significantly to be within 
recommendations. Fiber 

intakes increased by 10% to 

27g/day;  those achieving 1 
hour PA per day increased 

from 17 to 71% 

 
Significant reductions in TC 

and LDL-C; no change in 

HDL-C. Absolute number of 
small LDL-C decreased but 

not distribution of LDL-C 

particle size. (no absolute 
values provided) 

Dietary intake and PA assessed by 

questionnaires only. No data on 
cholesterol intakes provided.  

Efficacy and Safety of 

Pravastatin in Children 
and Adolescents with 

Heterozygous Familial 

Hypercholesterolemia: A 
Prospective Clinical 

Follow-Up Study. (2005) 

(412) 

30 children with FH 

(19 F, 11 M); aged 4 
to 18 years; Finland; 

no medication  

Prospective clinical follow-up study 

of children who first all received 
dietary treatment before then being 

prescribed pravastatin if TC still 

>8mmol/l or remained on dietary 
treatment only. 

Pre and post an 8 week 

period of following dietary 
treatment which included 

stanol/sterols, no 

comparison group 

One dietetic session with parents 

with dietary targets of ≤ 30% fat, 
≤ 10% SFA and <200mg 

cholesterol; MD principles; 

supplementation of 2g/day 
stanol/sterol esters recommended 

 

TC was reduced by 11% and 

LDL-C by 13%; no changes 
in HDL-C  

Adherence to diet or plant stanol/sterols 

not assessed  
 

M, male; F, female; LDL-C, low density lipoprotein; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; SFA, saturated fatty acids; TEI, total energy intake; MD, Mediterranean diet; PA, physical activity  
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2.3.2.1. Randomised control trials  

While these trials provide some insight into the potential effectiveness of dietary and physical 

activity treatment, without a suitable control group it is not possible to draw conclusions. A 

Cochrane systematic review and meta-analysis conducted in 2014 identified 14 RCTs 

investigating the effectiveness of dietary interventions delivered to children and adults with 

FH. (250) Only one trial investigated the effectiveness of a cholesterol lowering diet 

compared to no dietary treatment in adults receiving statins and, while a slight decrease in 

total cholesterol was reported, there was no significant difference in LDL-C concentrations. 

(417) However, it was a cross-over trial in which adults followed a low-fat or high-fat diet for 

eight weeks before switching to other diet and the high-fat diet was used as a proxy for ‘no 

dietary treatment’. (417) The individuals did not achieve the 38% TEI from fat in the high fat 

diet and fat and SFA intakes during the low-fat diet were very similar to baseline diet and 

these findings might explain the lack of positive effect. (417) Five trials (Table 2.2) 

compared the effectiveness of adding plant sterol or stanol fortified foods to the cholesterol 

lowering diet, two in children (418, 419) and three in adults. (420-422) In the pooled analysis 

of these studies, the addition of plant sterols to the cholesterol lowering diet was found to 

significantly decrease total cholesterol by 0.30mmol/l (95% C.I., 0.12 to 0.48) and LDL-C by 

0.60mmol/l (0.31 to 0.89). The addition of plant stanols significantly reduced total 

cholesterol by 0.51mmol/l (0.07 to 0.97) and LDL-C by 0.71mmol/l (0.43 to 0.99). Three 

further trials directly compared the addition of different doses and types of plant stanols or 

sterol fortified products to the cholesterol lowering diet in children (423) and 
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Table 2.2 Details of randomised controlled trials directly investigating the effectiveness of the addition of plant sterols or stanols to the cholesterol lowering diet 

in children and adults with FH 

Reference Study population Study design Comparison  Details of plant 

sterol or stanol 

Medical & 

background diet 

Results Adherence to diet & 

Limitations 
Sitostanol ester margarine 

in dietary treatment of 
children with FH. (1995) 

(418) 

 

14 children with FH (7 M, 

7F) aged 2-15 years, mean 
age 9.1 years; DNA 

diagnosed, Finland 

Double blind, non 

randomised ross-over 
trial of two 6-week 

blocks 

 
 

 

Pre and post 6 weeks 

of consuming 
sitostanol margarine 

versus pre and post 6 

weeks of placebo 
margarine  

 

 

Asked to replace 24g of 

normal daily fat intake 
with stanol or placebo 

margarine.  

 
Mean intake intervention 

period 2.8g sitostanol per 

day 
 

All children were on low 

cholesterol diet prior to 
trial although no details 

given of dietary intake. 

 
No child on medication 

TC reduced 11%, IDL by 

26%, LDL-C by 15% and 
HDL-C/LDL-C ratio 

increased.  

No change in or HDL. 
 

 

 
 

Dietary intakes assessed and 

were similar throughout trial and 
was slightly high at 33% TEI 

total fat and 14% SFA.   

 
Baseline blood sample collected 

at start of trial and not at start of 

each 6- week block. No washout 
period.  

Plant sterol ester–enriched 

spread lowers plasma total 

and LDL cholesterol in 
children with FH.  

(2002) (419) 

 

41 children with FH (66% 

DNA confirmed); aged 7 to 

13 years with mean age 11 
years; Norway 

Randomised, double 

blind cross-over study 

of two 8 week 
interventions with 4 

week wash-out period 

in-between 
 

 

Pre and post 8 weeks 

period consuming 

sitosterol margarine 
versus pre and post 8 

weeks of placebo 

margarine  
 

Provided with daily tubs 

of 20g sitosterol spread. 

mean intake was 1.6g/day 
plant sterols, spread out 

throughout day 

8 weeks before trial 

children and parents 

received dietary 
information to achieve fat 

modified diet based on 

MD principles. 
 

No medication.  

TC reduced by 7% and 

LDL-C by 10% and ApoB 

by 7%. No changes in HDL-
C.  

 

 

4-day diet diary analysed during 

each intervention period. Intakes 

of total fatand SFA were below 
30% and 10% and cholesterol 

<300mg throughout and no 

significant changes.  

Removal of intravenous 
Intralipid in patients with 

FH during inhibition of 

cholesterol 
absorption and synthesis. 

(2004) (420) 

5 adults with FH (1 M, 4 
F); mean age 51 years; 

DNA confirmed FH; 

Finland; two smokers 

Randomised double-
blind study with two 4-

week intervention 

periods with no 
washout period 

1) Baseline versus 
end of intervention 

period consuming 

stanol fortified 
margarine, no control 

 

2) Baseline versus 
end of intervention 

period consuming 

sterol fortified 
margarine, no control 

Asked to replace 25g daily 
fat with stanol or sterol 

margarine which was 

provided to them 
 

Mean intake of 1.9g 

stanols and 1.9g sterols 
per day 

No details of background 
diet before or during trial 

 

 
 

All taking statins (20-

80mg) before and 
throughout study  

Stanol: TC and LDL-C 
reduced by 9% and 15% 

Sterol: TC and LDL-C 

reduced by 12% and 17%. 
No change in HDL-C  

Adherence to diet not assessed 
and no details of given dietary 

advice prior to trial 

 
Both intervention periods 

compared to baseline 

measurements- no additional 
baseline measurement before 2nd 

intervention period was taken 

and with no washout period 
there may have been carry-over 

effect 

Randomised controlled 
trial of use by 

hypercholesterolaemic 

patients of a vegetable oil 
sterol-enriched fat spread. 

(2001) (421) 

31 adults with FH; aged 
33-62 years); America  

(sub—group of larger 

study) 

Randomised, double-
blind crossover trial 

with two periods of 8 

weeks with no washout 
between 

Pre and post 8 weeks 
of consuming 

sitostanol margarine 

versus pre and post 8 
weeks of placebo 

margarine  

 

Asked to replace 25g daily 
fat with sterol margarine 

which was provided to 

them 
 

Mean intake 2.5g/day 

plant sterols 

All asked to follow same 
diet throughout trial but 

no details of what advice 

was given to them.  
 

All taking statin mediation 

throughout trial  

In FH patients LDL-C 
reduced by 11%, no effect of 

HDL-C  

7-day diet diaries at baseline and 
endpoint of each intervention 

period and was compliant with 

cholesterol lowering diet but not 
presented for FH sub-group 

only.  

 

No wash-out period and a 

significant carry-over effect was 

found 

Plant sterol-enriched 
margarine lowers plasma 

LDL in hyperlipidemic 

subjects with low 
cholesterol intake: effect 

of fibrate treatment. 
(2001)(422) 

53 adults with FH (31 F, 22 
M) aged 46-70 years 

Randomised double-
blind crossover trial 

with two treatment 

periods of 8 weeks 
with a 8 week washout 

period between 

Pre and post 8 weeks 
consuming sitosterol 

fortified margarine 

versus pre and post 8 
weeks of placebo 

margarine 

Provided with daily tubs 
of 20g sitosterol spread. 

mean intake was 1.6g/day 

plant sterols, spread out 
throughout day 

All reported to have been 
following dietary 

treatment before and 

throughout (≤ 30% fat, ≤ 
10% SFA and <200mg 

cholesterol) following 
advice from dietitian 

All taking fibrate 

medication.  

TC and LDL-C reduced by 
6% and 9% No change in 

HDL-C 

Adherence to diet not assessed.  
 

F, female; M, male; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein; SFA, saturated fatty acids; TEI, total energy intake 
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adults (424, 425) as displayed in Table 2.3. A pooled analysis was not conducted, as data was 

not presented separately for the individuals with FH in two studies. (250) However, 

significant reductions in total cholesterol and LDL-C were reported across the trials with no 

apparent difference in effectiveness between the uses of stanol or sterol fortified foods. (250) 

In the three plant stanol or sterol trials conducted in children, adherence to background 

cholesterol lowering diet was closely monitored in two trials, (418, 419) however no child 

was taking medication. (418, 419, 423) Adult participants were taking statin medication in 

four trials, (420, 421, 424, 425) but adherence to background cholesterol lowering diet was 

only assessed in two trials. (421, 425) 

 

Two trials investigated the addition of omega-3 fatty acids to the cholesterol lowering diet in 

children and no significant changes in any blood lipid markers were found. (426, 427) One 

trial evaluated the effectiveness of adding a high-fiber guar gum supplement to a cholesterol 

lowering diet in adults and found it significantly reduced LDL-cholesterol. (428) However, 

these adults were receiving bile acid sequestrant medication and the relevance of these 

findings to adults taking statins is unknown. Two trials compared protein-modified diets to 

cholesterol lowering diets, a high protein in adults (429) and a diet high in soy protein in 

children, (430) and no significant changes upon blood lipids were found. The authors of the 

meta-analysis concluded that there was insufficient evidence to support the effectiveness of 

the cholesterol lowering diet or any other dietary intervention in improving short or long-term 

health outcomes for children or adults with FH. (250) However, this was acknowledged to be 

due to a lack of trials rather than the dietary treatments not being effective. Despite the 

promising effects of plant stanols and sterols, the authors stated that further longer-term trials 

were needed. (250) As pharmacological therapy is the standard treatment for children (from 

the age of 8-10 years) and adults with FH, the review highlighted the need for large, parallel 

RCTs to investigate the effectiveness of the cholesterol lowering diet, with or without other 

dietary supplements, over and above pharmacological therapy. (250) 
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Table 2.3 Details of randomised controlled trials conducted in children and adults with FH that compared the effectiveness of adding different types or doses of 

plant sterols and/or stanols to the diet  

Reference Study population Study design Comparison  Details of plant 

sterol and stanols 

Medical & 

background diet 

Results Adherence to diet & 

Limitations 

Red cell and plasma plant 
sterols are related during 

consumption of plant 

stanol and sterol ester 
spreads in children with 

hypercholesterolaemia 

(2003) (423) 

23 children with 
hypercholesterolaemia, 

aged 2 to 9 years; Finland 

 
16 children had FH 

Randomised double-
blind study with two 5-

week intervention 

periods with a 5-week 
washout period 

1) Pre and post 
intervention period 

consuming stanol 

fortified margarine, 
no control 

 

2) pre and post sterol 
fortified margarine, 

no control  

Asked to replace 25g daily 
fat with stanol or sterol 

margarine which was 

provided to them 
 

Mean intake of 1.6g 

stanols and 1.7g sterols 
per day 

No details of background 
diet before or during trial 

 

No child on medication 

Stanol spread: TC and LDL-
C reduced by 9% and 12% 

 

Sterol spread: TC and LDL-
C by 6% and 9% 

 

No change in HDL-C  

No details of background diet to 
which sterol or stanol added to 

or if it was maintained during 

trial. Stanol and sterol intake 
adherence assessed by returning 

tubs of margarine 

 
Results are for whole group, 

sub-group analysis not presented 

for 16 children with FH 

Non-cholesterol sterols in 

serum, lipoproteins, and 

red cells in 
statin-treated FH subjects 

off and on plant stanol and 

sterol ester spreads.  
(2005) (424) 

18 adults (6 M, 12F) with 

FH, 17 DNA confirmation 

of FH; mean age 48 years; 
Helsinki; four smokers 

Randomised double-

blind study with two 4-

week intervention 
periods with no 

washout period 

1) Baseline versus 

end of intervention 

period consuming 
stanol fortified 

margarine, no control 

 
2) Baseline versus 

end of intervention 

period consuming 
sterol fortified 

margarine, no control 

Asked to replace 25g daily 

fat with stanol or sterol 

margarine which was 
provided to them 

 

Mean intake of 2g stanols 
and 2g sterols per day 

No details of background 

diet before or during trial 

 
 

 

All taking statins (20-
80mg) before and 

throughout study 

Stanol: TC and LDL-C 

reduced by 10% and 15% 

 
Sterol: TC and LDL-C 

reduced by 9% and 14% 

 
No change in HDL-C  

Adherence to diet not assessed 

and no details of given dietary 

advice prior to trial 
 

Both intervention periods 

compared to baseline 
measurements- no measurement 

before 2nd intervention period 

was taken and with no washout 
period there may have been 

carry-over effect 

Comparison of the effects 
of dietary plant 

sterol and stanol esters on 

lipid metabolism. (2004) 
(425) 

85 adults (46 F, 40 M) with 
FH, mean age 53 years; 

London 

 
69 adults had FH 

Randomised double-
blind study, placebo 

controlled trial with 

three two month 
intervention periods 

with one month wash-

out after each one 
using a placebo 

margarine or cereal bar 

Baseline versus end 
of two months of the 

following 

interventions: 
 

1) Sterols  

2) Low dose stanol  
3) High dose stanol  

Asked to replace 25g of 
usual daily fat intake with 

stanol or sterol margarine 

and/or consume fortified 
cereal bars  

 

Mean intakes: 
1)1.6g sterol 

2) 1.6g stanol 

3)2.6g stanol 

Habitual diet maintained 
throughout, but no details 

of if they had received 

dietary treatment. Mean 
intake throughout was 

total fat 31-33% TEI, 

saturated fat 8-9% TEI 
and cholesterol 170-

177mg/day 

 
65/69 of adults with FH 

were taking statins, of 

which 11 were also taking 
bile acid sequestrants 

1) Sterols: TC reduced 5% 
and LDL-C 6% at 1 month 

but no change from baseline 

after 2 months 
 

2) Low dose stanol: TC and 

LDL-C reduced by 6%  
 

3) High dose stanol: TC and 

LDL-C reduced by 8%  
 

High dose no more effective 

than low dose of stanol 
 

HDL-C decreased by 5% in 

high dose stanol group only 

Dietary intakes of total fat, 
saturated fat and cholesterol 

maintained throughout study 

period, although no details of 
other nutrients. Fat intakes 

slightly higher than 

recommended throughout.  
 

All intervention periods 

compared to baseline 
measurements- no measurement 

before 2nd or 3rd intervention 

 
Results are for whole group, 

sub-group analysis not presented 

for 69 adults with FH.  

TC, total cholesterol; LDL-C, low density lipoprotein; HDL-C, high density lipoprotein; TEI, total energy intake
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When contacted, the authors of the Cochrane systematic review, (250) stated that an update 

of the meta-analysis was due in 2019 and therefore no formal systematic review was carried 

out for this thesis. However, as not yet been published, a comprehensive search of the 

literature was undertaken for this thesis, which identified only one RCT (431) displayed in 

Table 2.4. This RCT used a parallel design to randomise adults with FH, of which 70% were 

taking statins, to receive a lifestyle advice intervention or a control group with no advice. 

(431, 432) The lifestyle intervention aimed to reduce LDL-C and other CVD risk factors and 

was comprised of a face-to-face counseling session followed by telephone booster sessions 

and access to online learning modules over one year. (433) The individuals received 

information about the cholesterol lowering diet, smoking cessation, medication adherence 

and physical activity. (433) Trends towards improvements in total cholesterol, LDL-C, BMI 

and waist circumference were observed but were not statistically significant. (431) Only 

small and insignificant differences in the dietary and physical activity outcomes were 

apparent between the groups, which may explain the findings. (432) The study was 

conducted outside of routine clinical care and the trial participants were invited soon after 

diagnosis so it is likely all had recently received lifestyle advice as part of clinical care. (433) 

In line with this, the lifestyle behaviours of the control group improved, which may explain 

the lack of significant differences between the groups. (432) Furthermore, engagement with 

the intervention was low and the extent to which individuals engaged with the intervention 

was associated with the changes in LDL-C suggesting that increased engagement across the 

intervention group may have resulted in the attainment of bigger improvements to diet, 

physical activity and clinical outcomes. (434) A further possible explanation for the lack of 

significant changes is the choice of outcome measures and tools. Only intake of fruits, 

vegetables and SFA were measured, assessed by two questionnaires that were found in 

validation studies to have only limited reliability. (435, 436) Physical activity was measured 

by a questionnaire with only reasonable validity, (437) and in general self-report measures 

are acknowledged to be imprecise compared to objective measures. (438)  

 

A systematic review carried out in 2016 by the US Preventive Service Task Force identified 

no RCTs investigating the effectiveness of physical activity upon short or long term health 

outcomes in children with FH. (251) A comprehensive search of the literature carried out for 

this thesis did not identify any new RCTs since the publication of the review. 
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Table 2.4. Details of a randomised controlled trial investigating the effectiveness of dietary and physical activity treatment in adults with FH 

F, female; M, male; CVD, cardiovascular disease; SFA, saturated fatty acids; MD, Mediterranean diet; TC, total cholesterol; LDL-C, low density lipoprotein cholesterol; HDL-C, high density 

lipoprotein cholesterol; BMI, body mass index 

 
 
  
 

Reference Study population Study design Comparison  Dietary intervention Results Limitations 
Can Multiple Lifestyle 

Behaviours Be Improved 

in People with FH? 

(2012) (431, 432) 

340 adults with FH; 192 

F, 148 M); mean age 45 

years; Netherlands; 70% 

were taking medication 

for FH 

Parallel Randomised 

Controlled Trial 

 

Adults diagnosed 

with FH within past 

two years were sent 

invitation. 

 

Adults randomised to 

control or 

intervention group for 

12 months 

Blood lipids, CVD 

risk factors, dietary 

intakes, physical 

activity levels, 

smoking levels and 

medication 

adherence after 

receiving lifestyle 

intervention versus 

control group  

-Based upon I-Change 

of behaviour change 

 

-Face to face dietetic 

motivational counseling 

session at participants 

home 

 

-5 telephone sessions 

over 12 month period; 

access to 6 modules 

online which covered 

smoking, physical 

activity, SFA intake, 

fruits, vegetables and 

adherence to 

medication.  

 

-Dietary advice was 

personalized and 

focused on reducing 

SFA, increasing fruit 

and vegetable intake and 

was based on MD 

principles.  

Small and non-

significant changes 

in SFA intake, fruit 

and vegetable 

intake and physical 

activity levels. 

 

No changes in 

smoking or 

medication 

adherence.  

 

TC and LDL-C 

reduced non-

significantly in both 

groups and no 

difference between 

groups. HDL-C 

unchanged in both 

groups 

 

Small, non-

significant changes 

in BMI and waist 

circumference  

Physical activity and diet assessed 

by questionnaires  

 

Only 49% of adults logged on and 

completed at least one online 

module 

 

Only 31% completed at least one 

online module and made an action 

plan.  
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No such review has been conducted for adults with FH but a comprehensive search of 

the literature identified no RCTs in adults, except for the trial described above, which 

included physical activity advice in the lifestyle intervention. (431) 

 

2.4 Conclusion 

Despite the inclusion across all clinical guidelines for the management of FH, there 

has been no RCT to evaluate the effectiveness of the recommended dietary and 

physical activity treatment as an adjuvant to standard pharmacological treatment in 

children with FH. While one such RCT has been conducted in adults with FH, it did 

not address all the dietary recommendations, used unreliable outcome measures and 

individuals did not fully engage with the lifestyle advice and little change to diet or 

physical was achieved. (431, 432) Chapters 3,4 and 5  will focus upon developing and 

evaluating a RCT to evaluate the effectiveness of the recommended dietary and 

physical activity treatment amongst children and adults with FH to address this 

research gap.  
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Chapter 3 

Enablers and barriers to treatment adherence:  

A qualitative evidence synthesis  

3.1. Overview of chapter 

In order to develop an intervention that can be reasonably expected to be effective in 

achieving changes in dietary and physical activity behaviours, it is important to first 

understand factors that may influence these behaviours in the unique context 

experienced by individuals with FH. This chapter will address the second aim of this 

thesis: Determine the factors influencing adherence to pharmacological and lifestyle 

treatment recommendations in children and adults with FH. This was achieved by 

conducting an evidence synthesis of the available qualitative data investigating the 

experiences and beliefs of individuals with FH in relation to their condition and its 

treatment. The synthesis identified several enablers and barriers to adherence with 

treatment recommendations that have important implications for both clinical practice 

and the development of interventions targeting treatment behaviours in individuals 

with FH. The findings will be discussed in the context of the available literature 

concerning treatment adherence in FH and the implications for the clinical care of 

children and adults with FH. The application of the findings in the development of an 

intervention targeting lifestyle treatment behaviours will be explored in depth in 

Chapter four.   

 

3.2. Publications arising from this research  

The protocol for this research entitled ‘How do the experiences and beliefs of adults 

and children with heterozygous familial hypercholesterolaemia influence their 

adherence to treatment? A systematic review of qualitative evidence protocol’ was 

published in 2018 (439) and a copy is displayed in Appendix 1.1. The results from 

this research were published in 2019 as a paper entitled Enablers and barriers to 

treatment adherence in heterozygous familial hypercholesterolaemia: a qualitative 

evidence synthesis (440) displayed in Appendix 1.2. FK is lead author for these 

publications and a statement of contribution was provided. The introduction and 

discussion sections of these publications have been modified and extended for this 

thesis and more detailed methodology has been provided. 
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3.3. Introduction 

3.3.1. Rationale for this research  

The first step of the development stage of the U.K. Medical Research Council (MRC) 

guidance for the development and evaluation of complex interventions is identifying 

the evidence base to ensure the intervention has a reasonable chance of being 

effective. (239) Chapter two provided an overview of the limited research that has 

been carried out previously to investigate the effectiveness of the current dietary and 

physical activity recommendations. Previous research has also found that despite 

receiving advice upon diagnosis, over 50% of adults and children with FH report not 

making any changes to their diet or physical activity levels. (441, 442) Therefore, it 

was necessary to gain a deeper understanding of the factors influencing these 

behaviours to inform the intervention development to maximise the potential efficacy. 

(247) 

 

The need for a deeper understanding of the factors influencing treatment adherence 

has also been highlighted as a research priority to improve the care of individuals with 

FH. (105, 166) With many children and adults not reaching treatment targets for low-

density lipoprotein cholesterol (LDL-C) (147, 219, 227, 401, 402, 443, 444) and the 

presence of other risk factors which are independently associated with an increased 

risk of CVD, (95, 203) factors influencing adherence to treatment warrants further 

investigation. The focus of this thesis is the role of the dietary and physical activity 

components of treatment. However, to fully understand these behaviours it is 

important to consider them in the context that they are experienced by individuals 

with FH, which is most commonly alongside pharmacological treatment.  

 

3.3.2. Treatment adherence 

The World Health Organisation (WHO) defines adherence as ‘the extent to which a 

person’s behaviour-taking medication, following a diet, and/or executing lifestyle 

changes-corresponds with agreed recommendations from a health care provider’. 

(445) Poor treatment adherence is a recognised and well-documented problem, 

particularly for long-term treatment of chronic conditions. (445, 446) Adherence is a 

multi-factorial and complex behaviour, with a review of systematic reviews 

identifying 771 factors influencing medication adherence (447) and other reviews 

identifying many factors affecting adherence with lifestyle treatment for the 
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management of cardiovascular disease (CVD) risk, (448) and Type II diabetes 

(T2DM). (449) Patient related factors are important but so are economic, disease 

specific characteristics, health care providers and systems. (445, 446) 

 

3.3.2.1. Treatment adherence in FH  

As discussed in chapter one, the current treatment recommended for individuals with 

FH is lipid-lowering drugs from the age of 8-10 years, alongside lifestyle advice to 

encourage engagement in physical activity, consumption of a healthy diet, 

maintenance of a healthy weight, and avoidance of smoking. (30, 58) Treated as 

outpatients and asked to follow lifelong treatment, it is critical to ensure individuals 

with FH have the capacity to self-manage their disease and adhere to treatment. 

Compared to the low adherence to medication by individuals with other chronic 

conditions, (445) adherence to medication by adults and children with FH is relatively 

high. (227, 450-453) However, when asked in detail many individuals report some 

degree of non-adherence, (450-452) and adherence is sub-optimal in younger adults. 

(454) Self-reported levels of smoking are lower than the general population. (188) 

However, self-reported adherence with dietary and physical activity advice has been 

reported to be low in adults, (442, 452) and children. (441) While other research has 

indicated that adults and children with FH may have healthier diets and be more 

physically active than the general population, they were still not meeting the dietary 

or physical activity treatment recommendations. (455, 456) This finding is 

substantiated by the presence of other CVD risk factors associated with unhealthy 

lifestyles in adults and children with FH such as hypertension and high body mass 

index (BMI), which are independently associated with CVD risk.  (95, 203, 228) 

 

3.3.3. The role of qualitative research in understanding treatment adherence 

Preliminary research has found the beliefs and attitudes of FH patients towards the 

recommended treatment to exert a significant effect upon their intention to engage in 

these behaviours. (457, 458) Qualitative research can provide further insight to how 

these beliefs and attitudes are developed and the nature by which they may influence 

subsequent behaviours. (459, 460) Its exploratory nature also allows for the 

identification of other factors influencing an individual’s ability and motivation to 

adhere to treatment. (461, 462) Previous qualitative research conducted in individuals 
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with FH has found illness knowledge, (463) risk perception, (464) a lack of symptoms 

(465) and family history of disease (466) to influence attitudes toward treatment. 

 

3.3.3.1. Qualitative evidence syntheses 

The transferability of findings from individual qualitative studies beyond the sample 

in which they are conducted is limited. (467) A qualitative evidence synthesis (QES), 

which brings together the findings from individual qualitative studies, can be used to 

gain a more in depth understanding of the issue and identify common themes which 

are applicable to a wider range of contexts and individuals. (468-470) It is recognised 

as an important source of evidence to inform healthcare interventions and policy 

development, (471-474) including those targeting treatment adherence (474-477) and 

is advocated by WHO and the Cochrane Collaboration Group. (468, 478) To date, no 

QES has explored how the experiences and beliefs of individuals with FH in relation 

to their condition and its treatment influence their behaviour. 

 

3.3.4. Research aims and objectives  

This qualitative evidence synthesis aimed to identify the factors influencing 

adherence to pharmacological and lifestyle treatment in adults and children with FH 

to inform clinical practice, guidelines and interventions developed to target treatment 

adherence related behaviours. The specific research objectives were to:  

1. Identify and synthesise the available qualitative evidence regarding 

the experiences and beliefs of adults and children with FH in relation 

to their condition, its associated morbidity, mortality risk and treatment.  

2. Identify how these experiences and beliefs influence adherence to 

pharmacological and lifestyle treatment recommendations  

3. Explore if the findings differ between adults and children.  

4. Use the findings to generate new understandings of the enablers and barriers to 

pharmacological and lifestyle treatment adherence  

 

3.4. Materials and methods 

The methods used for this qualitative synthesis are described below. The reporting of 

this study is in accordance with the Enhancing Transparency of Reporting the 

Synthesis of Qualitative Research guidelines, (479) and a completed checklist is 

displayed in Appendix 3.1.  
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3.4.1. Eligibility criteria  

Papers reporting studies that meet the following criteria were included in the 

analysis:   

 

Participants: Individuals aged ≥8 years with clinically or genetically diagnosed 

heterozygous FH. The age of 8 years was used as a cut off as European guidelines 

recommend that children are considered for treatment between the ages of 8-10 years 

(147) and U.K. NICE clinical guidelines state treatment should be considered ‘by the 

age of 10’. (58) Individuals with homozygous FH were not included. No other 

restrictions were placed.  

 

Phenomena of Interest:  The experiences and beliefs of individuals with FH, and their 

family members, regarding their condition, its long-term health consequences and 

recommended pharmacological and lifestyle change treatment. Studies focusing on 

specific elements of FH, which were unrelated to the research objectives of this 

review, such as attitudes towards genetic testing, were included if the study also 

included findings relevant to this review which could be independently extracted.   

 

Type of Studies: This review aimed to explore the experiences and beliefs of 

individuals which is most appropriately done through analysis of qualitative data and 

as such, only qualitative studies that reported primary data were included. For the 

purpose of this review, qualitative research referred to studies in which widely 

recognised qualitative methods of data collection and data analysis had been 

used. This included, but is not limited to, data collection methods such as focus 

groups and interviews, and data analysis methods including narrative analysis and 

grounded theory. (480) Mixed method studies, in which both quantitative and 

qualitative methods were used, were included if it was possible to extract only the 

qualitative data. Quantitative studies, commentaries or reviews on the subject were 

excluded. Studies which exclusively collected information through self-reported 

questionnaires or researcher administered surveys were excluded as this does not 

allow for an in depth understanding of individuals’ beliefs. No limits upon the 

language of included papers were placed.  
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Intervention/exposure: Treatment was defined as any behavioural action undertaken 

by individuals with FH in an attempt to manage their FH diagnosis.  

 

Setting: Studies were included regardless of the country in which they were conducted 

and the setting in which the qualitative data were collected from individuals.   

 

3.4.2. Search strategy 

The search strategy was developed by two reviewers (FK, RP) with reference to the 

available guidance and recommendations, (468, 479, 481, 482) as well as consultation 

with an information specialist with previous experience in designing qualitative 

search strategies. In accordance with recommendations for analysing the data using 

thematic synthesis (to be described in section 3.4.7) the search was systematic, pre-

planned and comprehensive in order to find all available studies. (479, 483) 

 

3.4.2.1. Electronic searches 

Literature searches were undertaken in the following databases for published articles: 

MEDLINE, Embase, PsycINFO (via OVID), Cochrane library and CINAHL. All 

were searched from the inception of the database to 05/09/2018. Search terms relating 

to the population were combined with a validated search filter, (484) containing terms 

relating to qualitative methods and methodology. The search used a combination 

of subject headings (e.g. MeSH) and text words. A draft of the search strategy used in 

MEDLINE is available in Appendix 3.2. The same search strategy was used in the 

other listed databases, with appropriate subject headings and database-specific 

modifications to syntax and qualitative search filter applied.  

 

3.4.2.2. Searching other resources 

The reference lists of all included studies were hand searched for additional studies. 

As qualitative research is often found in grey literature such as conference abstracts 

and theses, (468, 479) the OpenGrey database and relevant specialist websites with a 

focus on lipid, cardiac or genetic disorders were also searched. The specialist websites 

searched were: The International FH Foundation, The British Heart Foundation, and 

The Simon Broome Register. Authors of any identified abstracts were contacted to 

establish the availability of full texts. Authors identified to have published substantial 
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amounts of relevant qualitative research were contacted to enquire about the existence 

of any unpublished work.   

 

3.4.3. Data management 

The search results were managed using Endnote reference management software. The 

results from the database searches were imported into an Endnote library, with 

duplicates removed during the screening of the data.   

 

3.4.4. Selection of studies 

One reviewer (FK) independently screened the titles and abstracts of all retrieved 

records for inclusion. Two further researchers (FL and RP) each independently 

screened 50% of titles and abstracts before meeting with FK to compare findings, 

with any discrepancies resolved through discussion.  

 

Full text copies of potentially relevant studies were retrieved for in depth review 

against the inclusion criteria, using screening forms created for use in this review. The 

screening was carried out independently by two reviewers (FK, JHS) who then met to 

discuss findings and resolve any differences in decisions through discussion. 

Explanations for exclusion were recorded at the full text stage. Full text articles 

judged to meet the inclusion criteria were taken forward to the data extraction stage.   

 

3.4.5. Data extraction 

3.4.5.1. Contextual and methodological information  

The contextual and methodological information of the included studies were extracted 

into a table designed for this review, as recommended. (482) Information on the 

following was extracted: 

• Publication information: Author, year of publication, country of study  

• Sample characteristics: Number of participants, demographics, FH diagnostic 

criteria  

• Study design: Methodological approach, conceptual bases underlying study, 

analysis method, setting  

• Study objectives or aims   

This was carried out independently by two reviewers (FK, JC), with any 

disagreements resolved by discussion until a consensus was reached. 
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3.4.5.2. Study findings  

Study findings (data) were extracted using a tool designed specifically for this 

review. In the published protocol it was stated that data would be extracted according 

to the review objectives regarding factors influencing adherence to treatment. (439) 

However, few studies directly addressed this question and thus the reviewers put the 

objectives to one side for the data extraction process and revisited them at the data 

analysis stage. 

 

All text and quotations reported in the ‘results/findings’, ‘discussion’ and 

‘conclusion’ sections of papers, as well as in any supplementary files provided by the 

authors, were extracted. This inclusive approach to data extraction was taken to 

minimise risk of missing findings, which may be of potential value to the synthesis, as 

it is recognised that authors may report useful data outside the ‘findings’ 

section. (482) This data took the form of first order constructs 

(participants’ quotes and author summaries of quotes) and second order constructs 

(author’s interpretations).  The data from primary papers (including PhD theses) were 

extracted first, before supplementary publications (including publications arising from 

PhD theses) were reviewed for any additional, unique data. This was carried out 

independently by two reviewers, (FK, AS) with discrepancies resolved by discussion 

until consensus was reached. The data extraction tool was piloted on the first 5 

studies, after which it was deemed to be suitable for use with the rest of the studies 

with no amendments required. Microsoft word and NVivo software were used to 

manage the extracted data.   

 

3.4.6. Critical appraisal of study quality  

3.4.6.1. Selection of tool 

The evaluation of methodological strengths and limitations is considered essential for 

all QES. (482) As many as 58 different tools have been reported and no consensus has 

been reached on which is considered the ‘gold standard’. (485-487) The Cochrane 

Collaboration Group developed a set of four domains that should be addressed by any 

such tool and provide eight questions to guide researchers to select the most suitable 

tool for their research. (482) Using this guidance, the Critical Appraisal Skills 

Programme (CASP) Qualitative Research Checklist was selected as it can be applied 
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to qualitative research of various designs, is frequently used in the literature, 

(483) and commonly used in QES with similar research aims. (482, 488)  

 

3.4.6.2. Application of the tool 

The CASP tool asks 10 questions relating to the validity, credibility and relevance of 

findings. (489) While there are several prompts for each question to help reviewers 

consider each question thoroughly, it is recommended that researchers undertake 

further reading to allow for a more comprehensive assessment of study quality. (482) 

Therefore, these questions were answered with further consideration of a ‘toolbox’ of 

12 criteria deemed to be essential in the assessment of qualitative research by an 

expert panel who analysed and summarised the criteria used in 58 assessment tools. 

(487) The criteria helped proved structure and consistency to the appraisal conducted 

by the reviewers and in their discussions when comparing their results and coming to 

a consensus. Appendix 3.3 displays the CASP checklist and Appendix 3.4 displays 

descriptions of the 12 criteria used to assist the quality appraisal.   

 

3.4.6.3. Overcoming poor reporting 

Quality appraisal tools assess the quality of reporting and do not necessarily reflect 

the actual rigour of the methodology used in a research study. (490, 491) While 

guidelines have been produced to improve the quality of reporting in qualitative 

research, these are relatively new and QES would likely include research published 

before their introduction. (492) Furthermore, authors may be bound to certain 

requirements set by journals and unable to provide the level of detail required to score 

highly in quality appraisal, an issue highlighted by research teams conducting QES.  

(490, 491) In order to overcome this recognised problem, the lead authors of each 

paper were contacted to obtain further information. Each author was given one month 

to respond and information from multiple papers involving the same sample were 

pooled when appropriate. 

 

3.4.6.4. Conducting and presenting the quality appraisal results 

Two reviewers (AS, FK) independently appraised each study, assigning a rating of 0, 

1 or 2 for each question which reflected the extent to which the obtained information 

from paper and author answered the criteria (0=not addressed/no information 

provided, 1=partially addressed, 2=fully addressed). The reviewers then met to come 
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to a consensus of individual and total scores, resolving differences through discussion. 

To allow for identification of poor quality studies, a scoring system was applied to 

determine thresholds for low, medium and high quality studies. In light of a lack of a 

standardised scoring system, this was carried out by two reviewers (FK, AS) using the 

following steps: 

 

1. Discussion of the quality of the papers as a whole, identifying common and 

reoccurring methodological limitations and considering the impact of these upon the 

primary results reported in each paper and also upon the synthesis outcome.  

2. Discussion of the extent to which the scores were skewed by poor reporting and the 

effect of receiving additional information from the authors of the papers.  

3. Development of cut-off scores to assign each paper a rating of low, medium or high 

quality.   

4. Consideration of the rating assigned to each study using these cut-off scores to 

ensure the threshold applied reflected the previous discussions of study quality. For 

example, some papers did not report sufficient information about how reflexivity2 

issues were addressed which was felt could have a large impact upon the results and it 

was important that the quality scores assigned reflected this. 

 

Despite this transparent approach to the development of the scoring system and 

having two reviewers conduct the appraisal independently then collaboratively, 

subjectivity is inherent to any appraisal of qualitative research. (482, 485) To address 

this, further steps were taken such as recording the breakdown of the scores for each 

question, indicating for which papers authors provided further information and 

recording the methodological limitations of each study to provide information to 

justify scores of ‘0’ or ‘1’ being assigned for questions. This information is presented 

in the results, as recommended. (482)  

 

3.4.6.5. Interpretation of quality appraisal findings  

Often researchers choose to exclude papers judged to be of poor quality in the 

synthesis. (485) There is no standardised approach to defining the threshold for 

excluding studies and given the subjective nature of appraising qualitative research it 

 
2  Reflexivity is described in section 5.4.9.4.4 on page 146. 
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is unlikely that any one approach would give a reproducible outcome across different 

sets of studies. (482, 485) During the appraisal process it was found that the 

additional information gathered from lead authors significantly improved the quality 

appraisal scores for their paper suggesting the initial low scores were reflective of the 

reporting, not the methodology used in the studies. Therefore, it was decided that 

excluding papers rated as low quality was not appropriate.   

 

If choosing not to exclude studies, it is recommended that the quality appraisal results 

should be applied in a meaningful way and critically analysed in the subsequent data 

synthesis. (482) Post-hoc sensitivity analysis, which involved examining the effect of 

removing poor quality studies upon the synthesis results, is a recommended approach 

and was used in this review. (482, 485) It is described in section 3.4.8. 

 

3.4.7. Data synthesis 

3.4.7.1. Choice of synthesis methodology 

There are many recognised methods for qualitative synthesis, with no gold standard 

method recommended. (482, 493) Researchers are encouraged to use the RETREAT 

framework, (494) to inform their choice of synthesis methodology. (482) This 

framework outlines seven considerations when evaluating the suitability of the 

various methodologies: Review question, Epistemology, Time/Timeframe, Resources, 

Expertise, Audience and Type of data. (494) Guided by this framework, thematic 

synthesis (483) was deemed to be the most suitable method for this review, which is a 

commonly used approach in QES. (482) This method uses the findings of a 

descriptive synthesis to generate analytical themes, which can be used to understand 

specific review objectives. (471) Appendix 3.5 displays the rationale for this decision, 

structured by the RETREAT framework of questions to consider.  

 

3.4.7.2. Details of the application of thematic synthesis within this review 

Thematic synthesis is comprised of 3 main stages- line-by-line coding, development 

of descriptive themes and generation of new analytical themes from consideration of 

all the available data. (483) Using Nvivo software, two reviewers (FK, AS) carried 

out the first stage independently and the subsequent two stages were carried out 

collaboratively between 3 reviewers (FK, AS, EW). To enhance transparency, full 

details are available in Appendix 3.6 and a summary is presented below.   
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Stage 1: Line-by-line coding was carried out on the extracted data, with each first or 

second order construct identified being assigned codes. These codes were inductively 

created in response to the findings uncovered, with no ‘a priori’ framework.  

 

Stage 2: Initial descriptive themes were identified, based upon the raw data and codes, 

which closely reflected the aggregative findings of the included studies. This stage 

was carried out in the context of the first research objective: ‘Identify and synthesise 

the available qualitative evidence regarding the experiences and beliefs of adults and 

children with FH in relation to their condition, its associated morbidity, mortality risk 

and treatment.’ 

 

Stage 3: Interpretative analytical themes based upon these descriptive themes were 

generated. This last stage of thematic analysis seeks to go beyond the original 

findings of the studies to generate additional understanding and address the aims and 

objectives of a study. (483) In this review, this meant using the descriptive themes to 

address the research objectives ‘Identify how these experience and beliefs influence 

adherence to pharmacological and lifestyle treatment recommendations’ and ‘Use the 

findings to generate new understandings of the enablers and barriers to 

pharmacological and lifestyle treatment adherence’.  

The aim of this review was to use the findings to inform clinical practice, guidelines 

and interventions developed to target treatment adherence related behaviours. To 

facilitate meaningful interpretation of the analytical themes for these purposes, the 

findings were discussed with three clinicians (JHS, GB, PD) who provided care to 

children and adults with FH to help develop feasible and relevant recommendations 

for clinical practice. Additionally, the reviewers (FK, AS, EW) also considered the 

implications for the development of interventions targeting treatment adherence in 

individuals with FH. These are both explored within the discussion section.  

 

3.4.8. Sensitivity analysis 

To ensure the quality appraisal results were used in a meaningful way, (482, 485) 

post-hoc sensitivity analysis was carried out to examine the extent to which the 

synthesis results were affected by exclusion of poor quality papers. Using an approach 
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described by Carroll and colleagues, (491) firstly the effects of the  removal of papers 

scored to be low quality upon the descriptive and analytical themes were examined. 

Secondly, the impact upon the ‘thickness’ of the data was examined. ‘Thickness’ 

refers to the ability of the data to provide explanatory insights that can be generalised 

to the wider FH population, (495-497) and is needed to explain ‘what works, for 

whom, in what contexts, and why’. (498) This was carried out for each study 

individually and then repeated with all low quality papers excluded together. This was 

carried out through discussion between three reviewers (FK, AS, EW).  

 

3.5. Results 

3.5.1. Search results 

The titles and abstracts of 990 unique citations identified by the searches were 

screened, with 50 progressing to screening at the full-text level. Twenty-six papers 

were excluded at this stage due to: the full text not being available (n=1), no primary 

qualitative data being presented in the findings (n=6), the study population not having 

a clinical diagnosis of FH or inability to selectively extract data from those with a 

diagnosis in a mixed population (n=16) and data not being relevant to the aims of this 

review (n=3). Multiple papers reporting findings from the same sample of participants 

and three PhD papers, two of which had supplementary papers published in addition 

to the originally reported theses, were included. Each paper was considered to be a 

separate primary paper and referenced separately. In total, 24 papers were included in 

the synthesis, comprising of 18 original (463, 465, 499-514) and 6 supplementary 

papers (464, 466, 515-518) reporting the findings of 15 population samples (Figure 

3.1).  

 

3.5.2. Study characteristics  

In total, 264 patients with FH and 13 family members were involved, aged 8-69 years. 

Seven papers (464, 465, 501, 509, 510, 515, 516) reported findings from three 

samples which included patients under 18 years. Four papers also reported parental 

views of having children with FH. (465, 507, 509, 510) Full characteristics of the 

included papers and samples are presented in Table 3.1.   
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Figure 3.1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) Flow diagram. (440, 519) 
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3.5.3. Quality appraisal and sensitivity analysis  

Appraisal scores of papers ranged from 11-20 out of 20, with eleven rated high, seven 

medium and six low (Table 3.1). The most common methodological limitations 

uncovered were related to ethical issues, researcher reflexivity and rigour of data 

analysis. Consideration of researchers’ potential influence and bias upon data 

collection and analysis was critically examined fully in seven papers, (464, 465, 501, 

509, 512, 515, 516) partially in 10 (463, 466, 500, 502, 506, 508, 510, 513, 517, 518) 

and not addressed in seven. (499, 503-505, 507, 511, 514) Ethical approval was 

obtained, or reasons given for exemption, in all but two papers, (511, 514) however 

participants were not provided with adequate information about withdrawal and 

anonymisation of data processes in a further four papers. (465, 499, 500, 509)  The 

data analysis was carried out by only one researcher in seven papers (463, 466, 507, 

512, 513, 517, 518) and it was unclear if more than one person was involved at each 

stage of analysis in four papers. (502, 503, 511, 514) 

 

Eight lead authors responded to our request for further information, providing 

information for 16 of the 24 papers. Five of the six papers rated as low-quality were 

papers for which the author did not respond. This reflects the belief that low ratings 

may be reflective of poor reporting rather than poor methodology, adding substance to 

the decision not to exclude papers. The sensitivity analysis carried out found that the 

removal of the six poor quality papers had no significant effect upon the synthesis 

findings- in both the descriptive and analytical themes uncovered and the depth of the 

findings. Detailed information of the methodological and transferability issues is 

displayed in Appendix 3.7 along with the CASP score breakdowns for each paper.  
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Table 3.1 Characteristics of the included papers and samples and the CASP quality rating score. (440) 
S

a
m

p
le

 

n
u

m
b

er
 Author & date of 

paper 

CASP quality 

rating*† 
 

Research aim Country & recruitment setting Sample 

Size‡ 

 

Sample characteristics Data collection 

methods 

1 Agard et al, 2005(499) Low To explore the extent to which FH influences the life of the patients 
affected 

Sweden 
Outpatients treated at lipid clinic 

23 10 M & 13 F; Mean age 48yrs 
(range: 31-67yrs); 4 with or had 

Hx of CVD 

Face to face SSI 

2 DeAngelis et al, 

2017(500)  

Low To determine individual and group patient ideas and priorities 

regarding ways to enhance their own health  

U.S.A. 

Patients & family from patient 
centred outcomes research institute 

and outpatient clinic 

7 6 FH patients, 1 family member 15 group 

meetings 
 

3 Frich, 2007(501) High** To explore how individuals with FH perceive and manage their 
condition 

Norway 
Specialist clinic for metabolic lipid 

disorders 

40 20 M & 20 F; Mean age 31yrs 
(range 14-57yrs); 7 had CVD 

symptoms; 19 had children 

 

Face to face SSI 

Frich et al, 2006(515) High** To explore how patients with diagnosis of FH understand and 

perceive their vulnerability to CHD 

Frich et al, 2007(516)  High** 
 

To explore how patients at risk of CHD portray candidates for CHD 

Frich et al, 2007(464)  High** 

 

To explore patients’ experiences of guilt and shame with regard to 

how they manage FH 

4 Hallowell et al, 
2017(502) 

High** 
 

To investigate index patients’ experiences of undergoing DNA testing 
as part of screening programme 

Scotland 
Two lipid clinics 

 

38 
 

17 M & 21 F; Mean age 52.6yrs 
(range 18-67yrs); 31 had children; 

16 educated to university level 

Face to face in 
depth interviews, 

(1 online)  Jenkins et al, 2013(504)  Medium** To explore patients’ interpretations of their DNA results for FH 

 

Jenkins et al, 2013(503)  

Low ** To explore the concept of inter-embodiment and its potential for 

advancing sociological research into illness biography and genetic 
identity 

5 Hardcastle et al, 

2015(463) 

High** To investigate the perceptions and experiences of patients with a 

genetic diagnosis of FH involved in a cascade screening programme. 

To explore how these patients conceptualise FH and how such beliefs 
affect treatment compliance and lifestyle changes  

Australia 

Lipid disorders clinic 

18 10 M & 8 F; Mean age 50.2 yrs 

(range 25-74 yrs); 2 had CVD 

symptoms 
 

Face to face SSI 

6 Hollands et al, 

2012(505) 

Low Examine the impact of disease risk assessments based on both genetic 

and non-genetic information, or solely non-genetic information   

U.K. 

Lipid clinics at 11 hospitals 

20 12 M & 8 F; 17 white,  Mean age 

30.9yrs for DNA diagnosed & 
40.7yrs for non-DNA; 1 white 

Asian, 2 black Caribbean 

3 telephone 

interviews  

7 Hollman et al, 
2004(506)  

High** 
 

 

To describe the QOL and to understand the underlying meaning of the 
concept of QOL in patients with FH  

Sweden 
Outpatient clinic 

12 6 M & 6 F; 20-69yrs; 7 had 
children; 3 university level 

education; no Hx of CHV 

Face to face SSI 

8 Keenan et al, 2018(507) Medium** To explore parent’s views and experiences of genetic testing and early 

treatment of children with FH in Scotland, experiences of their 
children’s care pathway and to identify any barriers or facilitators in 

testing and treatment uptake 

Scotland 

Clinical genetic services and lipid 
clinics from 3 sites 

17 6 M & 11 F; 20-69yrs; all white; 

12 had post-secondary 
qualifications; 3 symptoms or Hx 

of CVD 

SSI (15 face to 

face, 2 over 
phone) 

9 Kirkegaard et al, 
2014(508)  

Medium** Explore how cholesterol reducing medication and risk of CVD are 
interpreted by asymptomatic patients with high cholesterol  

Denmark 
5 GP centers. 

3 1 M & 2 F; 24-62yrs; no CVD 
symptoms 

Face to face SSI 

10 Mackie et al, 2015(509) High 

 

Explore how family medical history, family narratives of medical 

experiences and adolescents and young adults medical experiences 

together function as ‘experiential evidence’ and influence screening 
and treatment decisions 

U.S.A 

Paediatric preventative cardiology  

practice 

24 

 

 

12 adolescents with FH and 12 

parents of adolescents with FH (4 

dyads) 
 

Adolescents: 6 M &, 6 F; Mean 

age 18.4yrs; 9 white, 1 black and 
1 Asian 

Parents: 2 M &, 10 F; Mean age 

49.3yrs; 1 Asian, 9 white 

Face to face SSI 

with adolescent 

and parent 
separately 

 

Sliwinski et al, 
2017(465) 

 

 
 

High To examine challenges transitioning to adult care for young adults 

with FH, and their parents, in the context of 2 developmental tasks: 
transitioning from childhood to early adulthood and summing 

responsibility for self-management of a chronic disease 
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CASP, critical appraisal skills programme; SSI, semi structured interview; M, male; F, female; CHD, coronary heart disease; QOL, quality of life; Hx, history; Yrs, years              

*CASP score: high=18-20; medium=14-17; low quality=<14. 

† Papers for which lead author provided requested further information are indicated by ** 

‡ The sample size and characteristics describe only those in sample with clinically diagnosed heterozygous FH and their family members 
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Author & date of 

paper 
CASP quality 

rating*† 
 

Research aim Country & recruitment setting Sample 

Size‡ 

 

Sample characteristics Data collection 

methods 

11 Meulenkamp et al, 
2008(510)   

High** To study the experiences of children identified by family screening 
who were found to be a mutation carrier for a genetic CVD 

Netherlands 
Paediatric lipid clinic 

16 
children 

from 10 

families  

5 M & 11 F; 8-17yrs 
Number & age of parents not 

given 

Face to face SSI 
(children and 

parents 

separately)  

12 Mortensen et al, 
2008(511) 

Low Comparative study to examine the QOL impact of FH in patients who 
had and had not reached the target of treatment  

Denmark 
Centre of inherited CVD 

10 
 

 

6 M & 4 F; 20-72yrs; no CVD Hx Focus groups 
 

13 Urke, 2016(512)  High Explore how young adults, who stopped attending lipid clinic for 
medical and nutritional consultations, managed challenges related to 

living with FH and to the lifelong treatment  

Norway 
Outpatient clinic 

11 6 M & 5 F; Median age 29yrs 
(range 26-35 yrs); 8 educated to 

university levels 

SSI  (9 face to 
face 2 over 

phone) 

14 Weiner, 2006(513) High ** How much and in which way patients with FH and professionals 
involved with the condition construct FH and CHD as genetic 

conditions  

England 
Lipid clinic 

31 17 M & 14 F; Mean age 52 yrs 
(range 24-69 yrs); 31 white; 15 

with current CVD 

Face to face SSI 

Weiner and Durrington, 

2008(466) 

Medium** 

 

To explore patients’ understanding and experiences of FH and the 

significance of the hereditary aspect of the condition 

Weiner, 2009(517) Medium** 
 

Consider how people with FH construct FH, high cholesterol and 
CHD 

Weiner, 2011(518)  Medium** Explore the notion of genetic responsibility, focussing particularly on 

responsibilities to family and kin 

15 Senior et al, 2002(514)  Low Investigate perceptions of having an inherited predisposition to heart 
disease in people diagnosed with, and receiving treatment for FH 

England 
2 lipid clinics 

7 5 M & 2 F; 39-58 yrs Face to face SSI 
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3.5.4. Data analysis 

3.5.4.1. Overview of descriptive and analytical themes 

Six analytical themes were derived from the findings captured by 20 identified 

descriptive themes, as displayed in Table 3.2 alongside illustrative quotes. Table 3.3 

shows the occurrence of the descriptive themes within the extracted data from the 24 

papers. While each analytical theme has a direct influence upon treatment adherence, 

they are not exclusive in nature and inter-theme relationships are evident as displayed 

in the thematic schema in Figure 3.2. Additionally, some themes, by their integrative 

nature, had a greater influence upon treatment adherence as indicated by the shaded 

boxes. Seven enablers and six barriers to treatment adherence (Table 3.4) were 

uncovered during the analysis of these themes, which will be described alongside the 

analytical themes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Thematic schema illustrating influence of analytical themes upon treatment 

adherence 

 

3.5.4.2. Adults and children 

There was insufficient data collected from children to permit a separate analysis to 

explore if the findings differed from adults. However, in addition to data collected 

directly from children the analysis included accounts from parents of children with 

Risk assessment  
Perceived personal 

control of health  

Treatment adherence   

Integrating treatment 

into daily life   

Disease identity   

Informed decision 

making 

Family 

influence   
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FH and from adults reflecting upon their childhood. This allowed for the 

identification of certain themes that were particularly relevant for adherence in this 

age group.  

 

3.5.4.3. Analytical themes  

In this section ‘treatment’ refers to both lifestyle and pharmacological treatment 

behaviours, unless otherwise specified.  

 

3.5.4.3.1. Theme 1: Risk assessment 

Individuals lived experience of their disease, coupled with their beliefs concerning its 

known risks, increased or decreased their sense of vulnerability to its long-term health 

consequences. Knowledge of how FH had affected family members was the most 

prevalent factor considered when assessing risk. Those with lived experience of a 

family member being ill or dying prematurely due to FH, had a heightened sense of 

risk. (499, 501, 503, 506, 507, 509-511, 513-515) While individuals unaware of FH in 

their families or with family members living a life unaffected by its consequences, 

perceived themselves at lower risk:(501, 503, 507, 509, 514, 515) ‘My dad’s now in 

his 70s…its not something I feel particularly threatened about having.’ (507)  

 

As FH does not ‘make you feel ill’, (503) individuals found having FH ‘easy to forget, 

and easy not to take seriously.’ (512) This was salient amongst younger individuals 

without existing CVD symptoms (463, 465, 509, 510, 512, 513, 518) for whom 

‘…cholesterol always comes last. It will never be a focus until something happens to 

me.’ (512) Older individuals who had lived through, or were currently experiencing 

CVD, perceived themselves at higher risk. (463, 507, 514, 515) Others framed their 

perception of risk in the context of the risk they believed other diseases presented, 

concluding that FH health consequences were not as serious: (463, 502, 504, 505, 

512-514)‘I didn’t think it was life threatening, like being told you’ve got cancer.’ 

(463) 

 

For the majority, this risk assessment led to a perception that FH did not present a 

great risk to their current or long-term health. (463, 499, 502, 507, 510-514) This 

mismatch between the perceived and actual risk has been identified as a barrier to 

treatment adherence.  
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3.5.4.3.2. Theme 2: Perceived personal control of health 

Individuals acknowledged the threat that FH posed to their health, but there was a 

widely held belief that they had the ability to modify their own personal risk. (463-

465, 499, 500, 502, 504, 505, 507-510, 512-515) They recognised that this required 

active engagement with treatment (463-465, 499, 500, 502, 504-507, 509, 512, 514, 

515) and held themselves accountable for managing their disease. (463-465, 499, 500, 

502, 504-509, 511-515) Individuals experienced a ‘bad conscience’ (499) and ‘guilt’ 

(516) when they did not meet the expectations they had set themselves for the 

lifestyle treatment.  

 

Treatment was perceived to be effective (464, 499, 502, 504-512, 514, 515) with 

individuals viewing FH as ‘treatable’ (513) and ‘controllable’. (463) In particular, 

medication was regarded to be a mandatory and effective component of treatment. 

(464, 499, 502, 504-512, 514, 515) They believed FH could be ‘solved’ (510) with 

medication and lead to achievement of cholesterol levels ‘like most people.’ (463) 

While individuals spoke of their efforts to change their lifestyle behaviours, (464, 

465, 499, 502, 504-512, 514, 515) many believed their cholesterol levels would not be 

‘radically changed’ (514) by doing so (509, 511-513) as it ‘doesn’t matter what I eat 

or how much exercise I’m still going to have high cholesterol without tablets.’ (463)  

 

This confidence in the ability to successfully self-manage their condition was 

identified as an enabler to treatment adherence. The perceived effectiveness of 

medication led to a devaluing of the importance of following lifestyle treatment (463, 

508, 509, 511-513) and this prioritisation of medication was identified as a barrier to 

adhering to lifestyle treatment.  

 

3.5.4.3.3. Theme 3: Disease identity 

Individuals placed great importance, especially in social situations, to emphasise that 

they were ‘not to blame’ (511) for their high cholesterol. (464, 466, 500, 502, 504, 

505, 508, 511, 513, 514, 516) High cholesterol was associated with unhealthy 

lifestyles and they wished to distance themselves from these negative connotations. 

(464, 505, 508, 511, 513, 514, 516) A positive genetic test provided ‘a definitive’ 

(502), rather than a possible, explanation for their high cholesterol(500, 504, 505) and 

positively influenced their perceptions and behaviours. (500, 502, 504, 505, 507) If 
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individuals had been following treatment of their own volition before the diagnosis, it 

helped ‘reaffirm their commitment’ (504) to treatment. (502, 505) If they had been 

previously unaware of their condition it prompted them to seek treatment: (504, 507) 

‘I know now and can take preventative measures.’(505)  

 

Therefore, receiving a formal diagnosis was identified as an enabler to treatment 

adherence as being given a medical explanation empowered patients to take control of 

their condition through engaging with treatment.  

 

3.5.4.3.4. Theme 4: Family influence 

Parents expressed a high level of concern about the well-being of their affected 

children (465, 500, 502, 504, 507, 509, 510, 513) and this parental responsibility to 

care for children was identified as another enabler for treatment adherence. They 

assumed responsibility to ensure their children adhered to medical and lifestyle 

treatment, (465, 500, 502, 504, 507, 509, 510, 513) taking action to ‘bring them up 

with healthy eating habits’(502) and ‘make sure that they take their medication.’ 

(513) This involvement was reflected in the finding of individuals attributing their 

current treatment knowledge and behaviours to their parents: (499, 512, 513) 

‘everything I’ve learned, I’ve learnt from home.’ (512) Parents also made treatment 

related decisions on behalf of their children (465, 500, 504, 509, 510, 513) until they 

were ‘old enough to decide.’ (507) As such, the early adulthood years presented a 

challenge for treatment adherence as the older children transitioned from being under 

the care of their parents to assuming responsibility for their behaviours. (465, 512) 

 

Growing up surrounded by family members following treatment recommendations 

and establishing healthy behaviours from a young age were found to instill lifelong 

habits. (465, 507, 509, 510, 513) Those who had grown up from a young age 

alongside diagnosed family members spoke of their condition and its treatment as 

something that had become ‘normalised’ (512) as it was all they had ever known. 

(465, 507, 509, 510, 513) Those who had parents who had bad experiences of 

medication were apprehensive about taking tablets, (509) but for many it led to the 

view that taking medication was ordinary (507) and ‘not a big deal.’ (509)  
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Two enablers to treatment adherence were identified from these findings: 

commencement of treatment from a young age and having other family members 

following a similar treatment regime.  

 

3.5.4.3.5. Theme 5: Informed decision making 

Adults and children lacked an in-depth understanding of their disease and its 

treatment, (463-465, 499, 500, 502, 507-510, 512-514) with many having 

‘unanswered questions’ (499) and requesting more information. (465, 499, 500, 502) 

Misconceptions and false information regarding the role of lifestyle treatment for FH 

were prevalent: (464, 465, 499, 502, 507-510, 512-514) ‘you can actually eat a lot of 

fat and the medicine takes care of it.’ (463) Additionally, some individuals expressed 

concerns about the longer-term impact of pharmacological treatment on their, and 

their child’s, health (499, 509) as ‘it is a recent drug, and you don’t know what the 

long term effect could be.’ (507) Lived experience of side effects were reported by 

some (499, 509, 511) and many more were fearful of developing them in the future 

(506, 507, 509) as ‘many others have severe side effects from what I’m taking.’ (511) 

This incorrect and/or lack of knowledge of treatment advice and concerns over the 

short- and long-term use of lipid lowering medication were identified as barriers to 

treatment adherence. 

 

Individuals frequently mentioned their encounters with healthcare professionals 

(HCPs) (463, 464, 500, 501, 503, 504, 507, 508, 510-513), viewing them as playing a 

‘big role’ (465)  in their ‘team approach’ (509) to the management of their FH. 

Regardless of whether these encounters were recalled in a positive (464, 465, 500, 

507, 509, 512, 513) or negative (464, 501, 507, 511, 512) light, these interactions and 

relationships with HCPs influenced their understanding of FH and its treatment. 

Therefore, a positive patient-HCP relationship was identified as an enabler to 

treatment adherence.  

 

3.5.4.3.6. Theme 6: Integrating treatment into daily life  

Patients did not feel they had to make many changes to their everyday life because of 

their diagnosis. (463, 499, 502, 505, 512-514) Their disease did not prevent them 

from ‘living the life they wanted’ (512) or require consideration when making life 

decisions (463, 499, 505, 512, 514) such as having children. (502, 513) However, 
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when faced with other commitments, such as family and career obligations, patients 

found it more difficult. (463, 465, 499, 505, 511, 512, 515) During these periods 

patients tended to be less focused on managing their disease viewing it as something 

they could pick up again when they had more time and energy. (463, 465, 507, 512, 

515) This prioritisation of other life events over the self-management of condition 

was identified as a barrier to treatment adherence.  

 

The treatment recommendations were perceived to be simple to follow and to have 

little impact on their quality of life (QOL). (463, 499, 502, 504-507, 512-514) 

However, this perception is in stark contrast to the actual lived experiences of 

following lifestyle treatment, especially the dietary recommendations. Dietary advice 

was perceived to be restrictive and interpreted by patients to mean they could not eat 

their favourite foods (464, 465, 508, 510, 512, 513) or enjoy social occasions: (464, 

465, 505, 508, 510, 511) ‘I won’t bother eating food I don’t like, just to follow a 

certain diet.’ (512) Additionally, individuals were concerned of the opinions of their 

peers in social situations in which they felt they had to make certain dietary choices. 

(465, 510-513) These findings were prominent amongst children and adolescents. 

(465, 510, 512) As a result, the dietary advice was the ‘most difficult aspect’ (499) of 

treatment, with many reporting they struggled to follow the advice at all times. (463-

465, 508, 510-513) This finding of dietary advice being perceived as difficult to 

follow was identified as a barrier to adherence.   

 

Reflective of the difficulties faced when trying to follow lifestyle treatment 

guidelines, patients expressed a need for additional information (463, 499, 500, 507) 

and ‘guidelines in order to help you start that change.’ (465) Some sought additional 

information from their HCPs (463, 465, 499, 500, 507), while others called for 

practical advice and educational resources (465, 499, 500, 507), as ‘everyone knows 

the theory, but putting it to practice is quite hard.’ (463) From this, practical 

resources and support for following lifestyle treatment advice was identified as an 

enabler to treatment adherence. 
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Table 3.2 Analytical themes and their composite descriptive themes with illustrative first and second order quotes. (440) 
Analytical 

theme 

Descriptive themes Illustrative quotes from participants (1st order) Illustrative interpretations from authors (2nd order) 
R
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FH is a silent disease   ‘Cholesterol is kind of a hidden thing…not a disease that has any symptoms, or is a 

condition that has any symptoms, that is makes you feel ill or anything.’(503)  

 
‘I don’t feel sick if I’m not taking my meds, so it’s like I don’t feel the difference. Am I 

really even going to get a heart attack; is it really that likely?’ (465) 

‘The majority of interviewees did not look upon the condition as a disease…If they were not 

affected by a cardiac disease…they regarded themselves as healthy.’ (499) 

 
‘His reason for his previously carefree attitude seemed to be related to the feelings of being 

young and otherwise healthy.’ (512) 

Family history modifies 
perception of FH related 

threat to health  

‘I’m not going to get past sixty. Dad never got past sixty.’ (504) 
 

‘My dad’s now in his 70s…its not something I feel particularly threatened about 

having’ (507) 

‘To them, reaching the age of death of a parent with FH was anticipated with fear of having a 
heart attack themselves.’(511) 

 

‘Participants with a less viable family history of FH, who had no contact with affected or at risk 
relatives….had little sense of a ‘family’ or ‘genetic’ identity, and perceived the condition as less 

threatening’. (507) 

FH is not as threatening to 

health as other conditions   

‘Its not that bad….Its not like having something like Huntingdon’s or something like 

that.’(502) 
 

‘I didn’t think it was life threatening like being told you’ve got cancer’ (463) 

They mentioned conditions with more drastic consequences such as allergies, epilepsy or 

diabetes.’(512) 
 

‘It was clear that our interviewees did not perceive FH as particularly risky or threatening 

condition, when compared with cancer and neurological disorders.’ (502) 
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FH is a manageable 

condition 

‘Well it’s treatable isn’t it by diet and drugs. It’s not something that’s incurable. No I 

don’t think it’s that serious because it’s reasonably treatable.’ (513) 

 
‘The illness…is something that’s controllable’. (463) 

‘FH carrier children demonstrated high feelings of control over their condition.’(510) 

 

‘Patients overwhelmingly reported positive experiences of managing their cholesterol levels over 
time and with medication, which led them to believe that hypercholesterolemia was an eminently 

manageable condition.’ (504) 

Patients feel personally 
responsible for managing 

their FH 

‘It means you could be in danger of like what could possibly happen like in the future if 
you don’t change anything.’ (509)  

 

‘Might be later than say for my parents, you know, merely because of the way I am 

managing it’ (514) 

‘FH patients have a strong desire to empower themselves in order to improve their own health.’ 
(500) 

 

‘FH was often described as ‘nothing to worry about; or ‘not life threatening’ because it appears 

to be perceived as very controllable’ (514) 

FH medication is effective  ‘I believe that as I am taking the pills that my risk of heart attack is no greater than 

anyone else of my age or weight’. (514) 

 
‘I just knew it could be solved with medication.’ (510) 

‘Preventative medical treatment built confidence in the potential for living a long life’. (506) 

 

‘When accounting for use of a lipid lowering medication since he was a child, he added 14 years 
to his baseline’. (515) 

FH lifestyle treatment 

viewed as less important 
than medication 

 ‘I could never get that down no matter how much dieting or exercise I do…so it can 

only be reduced through medication’. (513) 
 

‘It doesn’t matter what I eat or how much exercise I’m still going to have high 

cholesterol without tablets.’ (463) 

‘Many tended to devalue the importance of lifestyle changes in controlling FH and place their 

hope in medication’. (463) 
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Importance of establishing 
that high cholesterol levels 

are not self-inflicted    

‘It enables me to emphasise that it’s not my fault, that it’s inherited’. (515) 
 

‘I guess the benefit of being able to say ‘I’ve got FH’ means that you can say, ‘actually 

it’s not just that I’m a fat boy’ but yeah you can actually say ‘well actually it’s not’ 
because people say ‘well if you ate salad and did some exercise’ and you can say 

‘actually it’s not just that its…’ (505) 

‘They always described FH as a hereditary condition to underline that their cholesterol issues 
were not due to unhealthy lifestyle’.(511) 

 

‘Participants appeared to make efforts to tell others that their condition was not self-inflicted and 
not caused by an unhealthy lifestyle. (516) 

 

Receiving genetic diagnosis 
provides certainty  

 

 
 

 

 
 

 

 

‘I guess it is a relief in a funny way because I had an answer to what was quite a 
surprising medical condition that I had…so at least I know now and can take 

preventative measures’.(505) 

 
‘If you get the genetic test done, it takes the worry away, it’s a definitive yes or no. If it 

is a yes then you treat it.’ (502) 

‘It provided an aetiological explanation and diagnostic label, confirmed current risk management 
practices…’ (464) 

 

‘Some patients reported that receiving positive result had helped reaffirm their commitment to 
living a healthy lifestyle.’ (504) 
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Desire to protect children ‘We want to help him…[so] we have decided to give him statins until he is 16…we’ve 
covered him until he’s old enough to decide for himself’.(507) 

I’ve got two children…I intend to bring them up with healthy eating habits and healthy 

lifestyle’. (502) 

‘In fact, the main concern for the affected parents appeared to be the well-being of their 
children…’(499) 

 

‘Many shared an interest in protecting their families…’ (500) 

Parental influence upon 
treatment related behaviours  

‘My parents, specifically my mom, were really integral in teaching us types of food to 
eat.’(465) 

 

‘I had quite a healthy lifestyle and I’d been brought up with a mother who years ago 
when you had high cholesterol you went on a low-fat diet, so I’ve been brought up on.’ 

(513)  

‘AYAs expressed how their perceptions of their parents experience have influenced their 
perceptions of the respective treatment options.’ (509) 

 

‘Talking about their childhood they often mentioned that their mother or father were responsible 
for making them eat healthily or taking their medications.’ (512) 

 

FH and its treatment become 
normalised within families 

‘Since I grew up with FH and had a relatively good diet and good habits and routines, it 
makes it easier’. (512) 

 

‘…so it didn’t really change the way I lived like that, because that’s how I was brought 
up and that’s how I lived’. (513) 

‘FH carrier children typically reported it had become habit to maintain a healthy, non-fat diet. 
Commonly the whole family, including the non-carriers, kept to the same diet restrictions’(510) 

 

‘…shared family experiences with high cholesterol frequently meant that physician-
recommended lifestyle modifications were put in place before a child’s FH diagnosis.’ (509) 
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HCP interactions    ‘My daughter. I don’t think she really understood what [high cholesterol] really meant 

until she came here and talked with doctor.’(509) 

 

‘I think we had two slightly different views, the genetic counsellor was more relaxed 

about it, the medical doctor less so. And it’s hard to know which one to go with.’(507) 

‘The doctors presentation of FH, however, influenced all patients perceptions of the risk and 

severity of the diagnosis.’ (511) 

 
‘Participants had experienced health professionals who they felt had a moralising attitude when 

counselling on lifestyle and diets. One group took this as sign of care. Another group conveyed 

experiences of being humiliated in consultations.’ (464) 

Lack of or incorrect 

knowledge about FH & 

treatment  

 ‘In the newspapers, the stories that you cut out butter, red meat, etc., and you’ll be 

okay’. (514) 

 
‘You give them whole milk, full fat. Does that change if there is a genetic cholesterol 

issue?’ (502) 

‘Many informants still had unanswered questions or were felt to lack relevant knowledge.’ (499) 

 

A parent had sought advice about her daughter’s risk of FH from her GP, but was advised that 
there wasn’t anything that could be ‘done’ until after she finished puberty.’ (507) 

 

Concerns about side effects 
of FH medication  

‘would I be able to have children at all after taking all these medicines for years?’ (499) 
 

‘It is a recent drug, and you don’t know what the long term effect could be….so I 

wouldn’t be keen to put a child on a tablet.’ (507) 

‘Parents reported having strong concerns about statin treatment in children, not only because of 
their long-term safety but also potential side effects.’ (507) 
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FH and it’s treatment does 

not have big impact upon life 

‘You don’t have to plan your life around it. You don’t have to wonder, can you have 

children or not.’ (502) 
 

‘I mean my children have got it and I don’t see how it will affect their lives at all.’ 

(513) 

‘FH was not viewed as a significant burden, but more of a lifestyle adjustment, involving a 

healthy diet, exercise, and statin treatment from an early age’.(507) 
 

‘Apart from the need to take medicines and pay extra attention to diet, the vast majority felt they 

had not had to restrict their lives or change their life plans to any great degree’ (499) 

Balancing FH treatment with 
other competing priorities 

‘Our two children, who were often ill….My husband…travelled all the time, so I 
almost had more than I could put up with at that moment.’ (515) 

 

‘Young adults tendency is to shelve it because ‘I’ve got more important things to do. 
I’ve got to graduate from college, I’m going to have a career, buy my first 

car. I’m going to get married, so I’ll solve this cholesterol problem later.’ (465) 

‘Young adults also articulated challenges maintaining diet and exercise regimes while adjusting 
to a new routine and environment at college or in workforce.’ (465) 

 

‘Patients might not have the energy needed to recognize their vulnerability to heart disease, or 
they might give the condition a lower priority than other competing obligations or risks.’ (515) 

 

Lifestyle advice treatment is 

restrictive and difficult to 

follow 

‘I’ve changed my diet as much as I can… don’t want to bother too much and speculate, 

live an unworthy life and die at the age of seventy. I’d rather be happy and die when 

I’m fifty’. (464) 

 
‘The most difficult aspects are being on a diet when you are fond of good food.’ (499) 

‘Making dietary changes had been the worst aspect of their condition, and this included people 

who already had CHD’. (515) 

 

‘Seven children reported difficulties keeping to their diet outside the home, for example, when 
they stayed with friends.’ (510)   

Social implications of 

following FH treatment  

‘Some people comment on the things I eat. And then I’m like ‘well actually I have to 

eat this because I’ve got FH and I have to watch my diet.’ (505) 
 

‘A girl in my class hardly eats anything, she doesn’t have it. So I usually sit next to her, 

then they don’t notice it so much.’ (510)   

‘10 young adults articulated how concern over peers’ opinions or overt peer pressure-restricted 

social activities centered around eating.’ (465)  
 

‘Several participants described difficulty explaining to others their dietary choices in social 
situations. This at times caused from embarrassment…’ (505) 

Desire for further support 
and guidance 

I think having the resources [would make it easy to adhere to lifestyle treatment]…like 
seeing a nutritionist that can give you options…’ (465) 
 

‘Send them on a low fat cooking course….everyone knows the theory, but putting it to 

practice is quite hard.’ (463) 

‘…expressed a desire to be able to access educational resources in one place and for a way to 
reach out to others who could provide solidarity, comfort and aid with management of FH.’ (500) 
 

‘These findings suggest that…..there may be a need to provide support to the young persons and 

their parents.’ (466) 
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Table 3.3 Occurrence of descriptive themes across the included papers and samples* (440) 

 

Descriptive themes 
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1 
Agard et al, 2005(499) ✔

  
✔    ✔  ✔  ✔        ✔  ✔    ✔  ✔  ✔  ✔  ✔  ✔  ✔  ✔  

2 DeAngelis et al, 2017(500)          ✔        ✔  ✔      ✔  ✔            ✔  

3 

Frich, 2007(501)   ✔                      ✔  ✔              

Frich et al, 2006(515)   ✔    ✔  ✔  ✔                      ✔        

Frich et al, 2007(516)                ✔            ✔              

Frich et al, 2007(464)        ✔  ✔      ✔  ✔        ✔  ✔        ✔  ✔    

4 

Hallowell et al, 2017(502)     ✔  ✔  ✔  ✔    ✔  ✔  ✔  ✔      ✔    ✔        ✔  

Jenkins et al, 2013b(504)      ✔  ✔  ✔  ✔    ✔  ✔  ✔      ✔      ✔          

Jenkins et al, 2013a(503)  ✔

  
✔                      ✔                

5 
Hardcastle et al, 2015(463) ✔

  
✔  ✔  ✔  ✔  ✔  ✔      ✔      ✔  ✔    ✔  ✔  ✔    ✔  

6 Hollands et al, 2012(505)         ✔      ✔  ✔              ✔      ✔    

7 Hollman et al, 2004(506)    ✔    ✔  ✔  ✔                  ✔            

8 Keenan et al, 2018(507)   ✔    ✔  ✔  ✔        ✔  ✔    ✔  ✔  ✔    ✔  ✔    ✔  

9 
Kirkegaard et al, 

2014(508)  
  ✔      ✔  ✔  ✔  ✔          ✔  ✔        ✔  ✔    

10 

Mackie et al, 2015(509) ✔

  
✔    ✔  ✔  ✔  ✔      ✔  ✔  ✔  ✔  ✔  ✔            

Sliwinski et al, 2017(465)  ✔

  
      ✔          ✔  ✔  ✔  ✔  ✔      ✔  ✔  ✔  ✔  

11 
Meulenkamp et al, 2008 

(510)   
✔

  
✔    ✔  ✔  ✔        ✔  ✔  ✔  ✔  ✔    ✔    ✔  ✔    

12 Mortensen et al, 2008(511)       ✔  ✔  ✔  ✔  ✔    ✔      ✔    ✔    ✔    ✔    

13 
Urke, 2016(512)  ✔

  
  ✔  ✔  ✔  ✔  ✔        ✔  ✔  ✔  ✔    ✔  ✔  ✔  ✔    

14 

Weiner, 2006(513) ✔

  
✔  ✔  ✔  ✔  ✔  ✔  ✔    ✔  ✔  ✔  ✔  ✔    ✔  ✔  ✔      

Weiner and Durrington, 

2008(466) 
              ✔                          

Weiner, 2009(517)               ✔                          

Weiner, 2011(518)  ✔                                       

15 Senior et al, 2002 (514)    ✔  ✔  ✔  ✔  ✔    ✔            ✔    ✔          

*Themes identified within supplementary papers were only documented if they were evident in extracted data not reported in the primary paper and vice versa
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Table 3.4 Identified enablers and barriers to treatment adherence. (440) 

 

Enablers Barriers 

Other family members following treatment 

regime 

Mismatch between perceived and 

actual risk 

Commencement of treatment from a young 

age 

Concerns over the use of lipid 

lowering medication 

Parental responsibility to care for children 
Prioritisation of medication over 

lifestyle treatment 

Confidence in ability to successfully self-

manage their condition  

Lifestyle treatment is difficult to 

comply with  

Receiving formal diagnosis of FH Prioritisation of other life events  

Practical resources & support for following 

lifestyle treatment  

Inadequate and/or incorrect 

knowledge of treatment advice 

A positive relationship with healthcare 

professional 
 

 

3.6. Discussion 

This qualitative synthesis has produced novel insights into the factors influencing 

pharmacological and lifestyle treatment adherence in children and adults with FH. 

The findings are discussed in depth in relation to the literature regarding treatment 

adherence within the FH population and then compared briefly with findings within 

populations of individuals with similar medical conditions. The implications for 

clinical practice, intervention development and future research are then discussed. 

 

3.6.1. Findings in the context of previous treatment adherence research  

3.6.1.1. Familial hypercholesterolaemia context 

This synthesis has found that individuals did not perceive FH as a threat to their 

health except in those who had experienced symptoms of CVD or had a family 

history of FH related CVD, as previously reported in questionnaire studies. (442, 520-

522) This low perception of risk may be the result of the disease being relatively 

symptomless and the adverse consequences too far in the future to comprehend. This 

idea is reinforced by studies reporting heightened perceived risk amongst older 

individuals (523) and young adults perceiving their health to be average or above that 

of the general population. (401) The minimal threat to health may explain the findings 

that being diagnosed with FH does not increase psychosocial dysfunction in children 

(524, 525), nor negatively impact upon self-reported quality of life (QOL) or increase 

occurrence of depression and anxiety in adults. (526-529) While these findings are 

positive, individuals with a low risk perception have been reported to be less likely to 
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adhere to lifestyle (442, 521) and pharmacological treatment. (450) This may explain 

the findings of higher self-reported medication adherence in older individuals, (450, 

530) lower medication adherence in young adults (531) and healthier lifestyles 

reported by those with a history of CVD compared to those who have not yet 

experienced poor health related to their FH. (455) These findings are concerning as 

individuals who do not adhere fully to pharmacological treatment have been found to 

have higher levels of LDL-C. (450, 531, 532) Furthermore, while pharmacological 

treatment has substantially reduced the risk of CVD, individuals still remain at a 

higher risk than the general population. (533-535) This may be a consequence of 

LDL-C targets not being met by large numbers of treated adults (146, 219, 401, 531, 

532) and children (227, 228) and/or the presence of other risk factors independently 

associated with CVD such as BMI and hypertension. (387, 536) Therefore, non-

adherence to pharmacological and/or lifestyle treatment could have significant 

implications and it appears that individuals are not aware of the true risks associated 

with non-adherence.  

 

The synthesis findings suggest this low risk perception may be mediated by beliefs 

that the risks are avoidable through effective pharmacological treatment, in line with 

previous research. (401, 442, 451, 525, 537) These beliefs have been found to 

increase self-reported intentions (458, 521) and rates of adherence (538) to 

medication. Due to these strong beliefs of the effectiveness of pharmacological 

treatment, the findings of this synthesis suggest that individuals do not believe 

lifestyle treatment to be necessary or effective in reducing the risks associated with 

their condition. This may explain the findings of lower self-reported adherence to 

lifestyle treatment compared with medication. (441, 442)  

 

Individuals attitudes toward pharmacological and lifestyle treatment behaviours have 

been found to exert more influence upon intentions to adhere to treatment than beliefs 

about health risks associated with FH. (457, 458, 539) Consequently, the findings of 

negative attitudes toward both components of treatment in this synthesis are important 

to explore. Individuals perceived the dietary treatment recommendations to be 

restrictive, difficult to follow and to impact upon their QOL. Similar findings have 

been reported, however the study was conducted in the 1990s when the dietary 

recommendations were much more restrictive and not comparable to the current 
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advice. (540) There is little contemporary research exploring the impact of lifestyle 

recommendations upon QOL, (250) although unlike other metabolic conditions the 

dietary recommendations do not differ substantially from those for the general 

population. However, similar attitudes towards these recommendations are prevalent 

amongst children and adults in the general population. (541, 542) This synthesis has 

also revealed negative attitudes towards medication due to side effects experienced 

and anxieties about long-term safety, similar to findings of studies investigating 

adherence to pharmacological treatment. (146, 401, 452) In contrast to these studies, 

this synthesis found anxiety about the development of side-effects and complications 

of long-term use to be more influential upon adherence than lived experience of side-

effects. These findings are surprising as the safety and tolerability of statins have been 

demonstrated in adults (543) and children. (365, 544, 545) 

 

The finding of widespread inadequate and incorrect knowledge of the treatment 

recommendations may explain the negative attitudes towards engaging in lifestyle 

treatment behaviours. Previous research has reported that awareness of the role of 

physical activity in treatment is low (546) and while individuals are mindful of the 

need for dietary treatment little is known about the depth of this knowledge. (525, 

540, 546) These findings may be reflective of the findings that many individuals do 

not receive the recommended lifestyle advice and for those that do, it is often not 

provided by HCPs with the required specialist knowledge of FH. (441, 547) 

Accordingly, this synthesis revealed that many individuals would like further support 

and guidance to help them adhere to lifestyle recommendations, in line with others. 

(441, 546) Without this, the recommendations may be perceived to be unattainable, 

leading to negative attitudes.  

 

The findings of concerns over short-term and long-term effects of medication use in 

this synthesis may be explained by inconsistencies in the provision of 

pharmacological treatment and the availability of follow-up appointments with HCPs 

for adults and children. (146, 228, 441, 443, 548-550) Without regular 

communication with HCPs, individuals have reported using the internet to search for 

such information (441) which cannot be easily regulated and may be fueling the 

negative attitudes toward medication. Individuals may be falsely interpreting negative 

media coverage of statin medication (551) to be relevant to their condition which is 
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concerning as worries about general medication overuse have been found to be 

heavily influential in shaping attitudes toward FH medication. (458) Furthermore, 

those with insufficient knowledge about their condition and its treatment have been 

found to report more medication side effects. (453) Ensuring individuals have a 

comprehensive and factually correct understanding of the treatment recommendations 

is therefore essential to optimise adherence.  

 

As this synthesis highlighted that parents take responsibility for their child’s 

treatment, it is important to ensure they are knowledgeable about the 

recommendations to help their children develop healthy habits from a young age. 

Previous research has found that children who follow dietary guidelines from a young 

age have a more positive attitude towards this aspect of treatment (524) and have 

improved dietary intakes in childhood, (552-554) which are maintained into young 

adulthood. (555) This may be in part explained by the further finding of the synthesis 

that individuals are more accepting of the dietary guidelines if they had grown up 

surrounded by other family members doing the same, as it had become normalised. 

This is in line with findings that the beliefs of others toward dietary behaviors 

positively influence intentions to engage with this aspect of treatment. (457) 

Furthermore, forgetfulness is frequently reported as a reason for medication non-

adherence (401, 450, 452, 525, 530, 532) and starting treatment at a young age may 

help overcome this by instilling a routine, as found by another study. (556) It is also 

important to ensure that when individuals reach an age where they become 

responsible for their own care, they themselves are equipped with the relevant 

knowledge to continue making informed decisions. While there was insufficient data 

to draw conclusions about best practice for this age group, it appears that transitioning 

from living at home, adjusting to new routines and prioritising other things in life are 

common barriers to be targeted.(465, 512)  

 

The findings also highlight the importance of receiving a genetic confirmation of FH. 

Receiving a medical diagnosis empowered individuals to take control of their 

condition, providing motivation to continue or commence medication and lifestyle 

treatments. The positive influence of diagnosis upon medication efficacy beliefs and 

adherence has been reported in previous research. (520, 521, 557, 558) However, it 

has been reported that positive genetic results have either no effect (521) or weaken 
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beliefs (557) regarding the efficacy of lifestyle treatment. However, in both cases the 

changes in beliefs did not result in changes in behaviours. Given our further finding 

that individuals find medical diagnosis useful in social situations, a common 

identified barrier to adhering to dietary recommendations, it may be that genetic 

diagnosis exerts positive effect upon adherence beyond its influence of illness and 

treatment beliefs.  

 

3.6.1.2. Comparison with treatment adherence in similar medical conditions 

It is beyond the scope of this thesis to explore the findings in comparison with the 

wider body of adherence literature, however similarities and differences to findings 

from research conducted in populations with similar conditions will be highlighted. 

Hypertension, non-familial hypercholesterolaemia and Type II diabetes mellitus 

(T2DM) are considered similar conditions as they are mostly asymptomatic in the 

early stages and most individuals are advised to adhere to both pharmacological and 

lifestyle treatments.  

 

In line with the findings of the synthesis, the belief that treatment is unnecessary 

because of a lack of symptoms (in some conditions), side effects, long-term safety 

concerns and low perceived risk to health have been found to negatively influence 

adherence to pharmacological treatment in the aforementioned conditions. (559-566) 

As found in this synthesis, dietary treatment is often perceived as being difficult to 

adhere to with similar barriers reported such as: perceiving dietary treatment as 

restrictive, challenging to adhere to in social situations; time-consuming to 

implement; incompatible with their busy family life; receiving mixed messages from 

family, peers and HCPs. (561, 565, 567-569) A study in adults with 

hypercholesterolaemia, advised to follow lifestyle advice comparable with the 

recommendations for individuals with FH, investigated differences in acceptability 

and QOL if the advice was delivered as a brief mention within a clinical appointment 

(usual care) or as personalised advice provided by a dietitian. Despite making more 

changes to their diets and physical activity levels, those who received personalised 

advice were more receptive towards change, did not feel restricted by their diet and 

had higher QOL scores. (570) These findings highlight the importance of providing 

individualised care with chronic conditions to enable people to make acceptable and 

sustainable changes to their lifestyles.  
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Adherence to pharmacological treatment by individuals with these conditions was 

also negatively influenced by scepticism around efficacy and/or necessity of 

medication, (561-563, 571) which this synthesis has not found to be true for 

individuals with FH. The genetic explanation for their condition in FH may contribute 

to their strong beliefs that medication is a mandatory component of treatment. 

However, this synthesis revealed that these strong beliefs might be a barrier to 

adhering with lifestyle treatment, in line with findings in individuals with strong 

medication efficacy beliefs diagnosed with similar medical conditions. (567, 572) 

While the findings of this synthesis suggest that a genetic diagnosis could improve 

adherence to lifestyle behaviours as well as medication, other studies have found it 

had no impact upon these behaviours in adults with FH. (521, 557) Providing 

individuals with genetic risk information has been found to improve adherence to 

pharmacological treatment by individuals in non-familial hypercholesterolaemia, 

(573) but the effect upon dietary and physical activity treatment behaviours in those 

with similar health conditions is mixed. (574-578) Similarly, individuals prescribed 

statins for the primary prevention of CVD have been found to be less physically 

active and consume unhealthier diets than non-statin users by some, (579) whereas 

others have reported no difference in lifestyles. (580) These mixed findings are likely 

due to the complexity of behaviour change and the many confounding factors that 

may influence lifestyle behaviours. The combination of factors influencing the 

behaviours of individuals with FH may be unique to this specific condition and 

warrants further investigation.  

 

Another unique finding of this synthesis was that starting treatment from a young age 

and being surrounded by other affected family members following treatment 

facilitates adherence. This is reflective of the genetic inheritance pattern in which an 

individual will always have one affected parent, which is uncommon in other chronic 

conditions. Support from family members has been identified as an enabler to 

treatment adherence for adults with T2DM, (568, 581) and the lifestyle health beliefs 

and behaviours of children taking part in CVD risk reduction interventions have been 

found to be positively influenced by parental modeling and involvement. (582) The 

adherence behaviours that people adopt modelled on affected family members is 

likely to be of particular importance in the adherence to pharmacological and lifestyle 

treatment in the context of FH. 
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3.6.2. Implications for clinical practice 

Seven enablers and six barriers to treatment adherence were identified which are to be 

considered by any HCP delivering advice to individuals with FH. To facilitate this, 12 

suggestions for clinical practice have been proposed, displayed in Table 3.5.  

 

Table 3.5 Suggestions for clinical practice to improve the care of individuals with FH. 

(440) 

Suggestions for clinical practice 

1. Ensure individuals are aware of the risk to their health, without instilling fear 

through emphasising the effectiveness of medical and lifestyle treatment  
 

2. Where possible, ensure all individuals receive genetic confirmation of their 

condition   
 

3. Communicate that despite the asymptomatic nature of the condition, adhering to 

treatment from a young age will deliver the greatest benefits to health and longevity  
 

4. Discuss medication within an FH context, emphasising its necessity and 

distinguishing it from the use of medication in the treatment for individuals at high 

cardiovascular disease risk from other causes 
 

5. Provide reassurance that medication is safe and side effects uncommon, with 

reference to relevant clinical guidelines indicating their safety for use by children 

highlighted to parents 
 

6. Inform individuals that side effects are specific to each type of medication and 

encourage discussion of any problems so alterative medications can be offered 
 

7. Communicate dietary advice as being a lifestyle change rather than a restrictive 

diet with advice tailored to the individual needs and preferences of each individual  
 

8. Ensure individuals have a factually correct understanding of the dietary 

recommendations and provide credible resources easily accessible, if needed, for 

support or guidance  
 

9. The benefits of adhering to lifestyle treatment for management of their disease and 

their overall well-being, should be revisited at each clinic appointment 
 

10. Treatment should begin early, with parents advised that prior to medication, 

dietary recommendations can be followed from the age of two. Non-affected family 

members can also be encouraged to follow guidelines, facilitating a family-based 

approach to aid adherence. 
 

11. Treatment advice to be provided in family-based clinics if possible, or ensure 

adult and children’s services are closely linked 
 

12. Adolescent to be offered opportunity to transition to an adult clinic between the 

ages of 16-18 to take responsibility for their own treatment before they leave home 
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3.6.3. Implications for this thesis and intervention development 

This synthesis has identified several important factors influencing dietary and 

physical activity behaviours in adults and children with FH and highlighted the 

unique context in which children and adults engage in these behaviours. These 

findings warrant the development of a lifestyle intervention specifically developed to 

target this clinical population group. This is described in full in chapter four. 

 

3.6.4. Limitations and future research 

Since this review was conducted and published, there has been increasing importance 

placed on carrying out a formal assessment of the confidence that can be placed in the 

findings. (482) The Cochrane Collaboration Group advocates applying the GRADE-

CERQual approach to the findings of any QES to facilitate a formal assessment of 

methodological limitations, coherence, the adequacy of data and relevance of the 

findings. (583) It was not possible to conduct this retrospectively within the 

timeframe of this thesis. Whilst it is not possible to determine the level of confidence 

that can be placed in the findings formally, there are several factors which strengthen 

the confidence in this study. These include adherence to Enhancing Transparency  in 

Reporting the Synthesis of Qualitative Research guidelines; use of transparent and 

robust methodology; comprehensive search strategy; involvement of more than one 

researcher at each stage; input from clinicians to corroborate the interpretation of the 

results; detailed appraisal of the included studies and post-hoc sensitivity analysis and 

having analytical themes produced from descriptive themes that were each evident 

across a large number of the included papers. Furthermore, the findings are based on 

data from 264 patients and 13 family members across eight countries, encompassing a 

wide range of ages, duration of diagnoses, primary and secondary CVD prevention 

and regional differences in healthcare provision. However, all patients were from 

developed countries, most had high education levels and there were few from ethnic 

minority groups. Furthermore, the majority were recruited from lipid clinics and had 

therefore already self-selected to receive treatment and their beliefs may not reflect 

those opting not to receive treatment for their condition. This may limit the 

generalisability of the findings to all patients with FH. Lastly, there were insufficient 

papers to explore if the factors influencing treatment adherence differed substantially 

between adults and children with FH and further research is required to identify 

additional enablers and barriers to treatment adherence in this younger age group. 
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Therefore, it is recommended that a GRADE-CERQual assessment should be 

conducted. This could be carried out alongside an update for the QES, which may 

now be out of date as only papers published before August 2018 have been included.  

 

With treatment most effective when started at a young age, (221, 228, 584) and our 

findings of a positive effect upon later life adherence, further qualitative research 

exploring the perspectives of children is required to allow HCPs to tailor advice to 

support maximal adherence during this crucial period. Furthermore, as individuals 

who have self-selected to receive treatment have concerns about medication, it is 

likely that there are many individuals opting not to receive treatment for themselves 

or their child due to these concerns. Future research is needed to explore their 

perceptions to develop effective interventions that could encourage them to seek 

treatment.   

 

This QES focused upon individual level factors influencing adherence and further 

research should be conducted into health provider and system factors that are known 

to influence treatment adherence in chronic conditions. (445, 446) Research in the 

U.K. and other countries has identified substantial gaps in HCP’s knowledge of FH 

and its treatment. (196, 197) Furthermore, factors such as lack of consultation time, 

staff shortage and HCP beliefs about the necessity of lifestyle treatment have been 

found to negatively influence treatment adherence in hypertension, T2DM and 

hypercholesterolaemia. (561, 563, 565, 567) FH is recognized to be an under 

diagnosed and undertreated condition and several factors outside the control of 

individuals with FH are contributing to this. (85, 186) 

 

3.6.5. Conclusions  

This qualitative evidence synthesis has systematically reviewed and synthesised the 

available evidence concerning the experiences and beliefs of individuals with FH 

regarding their condition and its treatment. It has uncovered several enablers and 

barriers that can be used in clinical practice to facilitate optimal treatment adherence 

in this high-risk clinical population group. It has also highlighted significant research 

gaps which need to be addressed to gain a more comprehensive understanding of how 

these individuals can be supported to adhere to lifelong treatment.
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Chapter 4 

The development of a theory informed behaviour change 

intervention targeting dietary and physical activity  

treatment recommendations  

4.1. Overview of chapter 

The qualitative evidence synthesis (QES) described in chapter three revealed that 

there are many factors influencing lifestyle treatment behaviours in children and 

adults with FH. To maximise the potential effectiveness of an intervention, and to 

facilitate an in-depth evaluation, a comprehensive theoretical understanding of the 

target behaviours and the factors identified to influence them is required, as advocated 

in the Medical Research Council (MRC) guidance. Therefore, this chapter will 

address the 3rd  aim of this thesis: Develop a theoretically informed behaviour change 

intervention targeting dietary and physical activity behaviours in adults and children 

with FH. This chapter will first provide an overview of the role of behaviour change 

theory in the development and evaluation of complex interventions. It will then 

describe the application of the Behaviour Change Wheel (BCW) in the development 

of the intervention targeting the dietary and physical activity behaviours of 

individuals with FH. This approach provided a theoretical context to the findings of 

the QES, which enabled the identification of suitable intervention content and an 

appropriate mode of delivery. The systematic and transparent approach taken will 

facilitate the subsequent evaluation and refinement of the intervention in future 

feasibility and effectiveness testing in randomised controlled trials. 

 

4.2. Publications arising from this research 

This research was published in 2020 in a paper entitled The development of a theory 

informed behaviour change intervention to improve adherence to dietary and physical 

activity treatment guidelines in individuals with familial hypercholesterolaemia (FH) 

(585) and a copy is displayed in Appendix 1.3. FK was the lead author and a 

statement of contribution has been provided. The introduction and discussion have 

been modified and extended for this thesis.  
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4.3. Introduction 

4.3.1. Rationale for the application of theory in the development of complex 

behaviour change interventions 

Theories of behaviour change can help to make sense of how and why behaviours 

occur by enabling the identification of behavioural determinants. (586) These 

determinants, commonly referred to as constructs, can then be targeted in an 

intervention to change behaviours. (586, 587) Understanding the theoretical 

constructs that influence behaviour allows for suitable behaviour change techniques 

(BCT) to be identified. (586, 587) BCT are considered the ‘active ingredients’ of an 

intervention that change the constructs identified to influence the target behaviour. 

(587, 588) As such, BCT are considered the ‘observable and replicable components 

of an intervention designed to change behaviour’ (589) and the theoretical constructs 

are considered to be the mechanisms of action (MoA) through which BCT affect 

behaviour (Figure 3.1). (587, 589, 590) For example, the BCT information about 

others’ approval, (588) may be proposed to change behaviour through modifying the 

theoretical construct social norms. (591) The choice of BCT to include in an 

intervention should be based upon the MoA through which they are proposed to have 

their effect. (592, 593)  

 

Figure 4.1 The proposed relationship between behaviour change techniques (BCT), 

mechanisms of action (MoA) and behaviour change. (587, 589, 590) 

 

4.3.2. Rationale for the application of theory in the evaluation of complex 

interventions 

An in-depth understanding, and explicit reporting, of how an intervention is proposed 

to change behaviours is essential for subsequent evaluations of effectiveness, as it 

permits researchers to determine how and why an intervention was or was not 

successful. (239, 241, 247, 587) An intervention may be unsuccessful in achieving the 

desired behaviour change because it was not delivered as intended (i.e. BCT were not 

Behaviour change 
techniques (BCT) 

Behaviour change 
Mechanism(s) 

of action 

(MoA) 
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delivered) or the proposed relationships between the BCT, MoA and the behaviour 

were incorrect or insufficient. (241, 594, 595) Furthermore, contextual factors unique 

to the setting in which an intervention is delivered can modify the MoA through 

which an intervention is proposed to have an effect. (596, 597) A strong theoretical 

understanding of how an intervention is proposed to change behaviours, and outcome 

measures to assess BCT and their MoA, facilitates the interpretation of these findings. 

(241, 472, 598) This can lead to a more comprehensive understanding of results from 

randomised controlled trials (RCTs) and identification of any refinements that may be 

required in order to make the intervention more effective and applicable to other 

contexts. (241, 472, 598)  

 

Furthermore, the explicit reporting of BCT provides an in-depth description of 

intervention content thereby permitting replication of the intervention by others. (247, 

588, 599, 600) The behaviour change technique taxonomy (BCTTv1) provides 

consensually agreed nomenclature to ensure consistent interpretation of the content by 

others. (247, 588, 599, 600) This can also help to improve the reporting of non-

pharmacological interventions, (601) in line with guidance for the reporting of RCTs 

conducted to evaluate such interventions. (602-604)  

 

4.3.3. Evidence to support the incorporation of theory to interventions 

Despite the proposed benefits of using theory in the development and evaluation of 

complex interventions, (239, 241, 247, 587) results from systematic reviews exploring 

the hypothesised link between the inclusion of theory and the effectiveness of 

interventions targeting dietary and physical activity behaviours have reported mixed 

findings. (605-608) There are several proposed explanations for these findings. 

Firstly, theory is often poorly applied and/or described in interventions, (586, 592, 

596, 601, 605) with 70-90% of studies reporting to apply theory, not providing details 

of the proposed links between BCT and MoA. (587, 605) Secondly, while there are 

several theories used to inform intervention content it is recognised that no single 

theoretical model of behaviour change addresses all possible determinants of 

behaviours. (586, 591, 596) Thirdly, theory is often applied without consideration of 

how the context in which an intervention is delivered may undermine the theory’s 

causal assumptions about behaviour change. (472, 597) Fourthly, ‘a-theoretical’ 

interventions to which theoretically informed interventions are compared often 
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contain BCT based on other forms of evidence, such as what worked in previous 

interventions, which is akin to the use of theory. (607) Contemporary research now 

aims to identify which BCT are associated with positive changes in behaviour, the 

MoA through which this behaviour change is mediated, (587, 590, 593, 607) and the 

influence of contextual factors upon these relationships. (596, 609) To identify and 

evaluate potentially effective BCT, a strong theoretical understanding of the target 

behaviour and its influencing factors is therefore required and recommended for the 

development of complex interventions. (241, 247, 587, 596, 598) 

 

4.3.4. The role of theory in the context of this thesis 

In the context of the aims of this thesis, interpretation of the findings of the QES 

through a theoretical lens facilitated the identification of the possible theoretical 

constructs influencing behaviours and the selection of appropriate BCT to target 

these. This is essential as there is insufficient evidence to inform the selection of BCT 

to achieve behaviour change in individuals with FH. A systematic review reported 

that interventions incorporating behavioural counselling significantly improved 

dietary and physical activity outcomes in adults with known CVD risk factors. (337) 

Providing dietetic counseling to children with FH has also been associated with 

improved dietary intakes (127, 410, 411) and physical activity levels. (127) However, 

theory is rarely used, and interventions are poorly described, which limits the ability 

to identify potentially effective intervention content. Furthermore, the only known 

previous behaviour change intervention targeting the lifestyle behaviours of 

individuals with FH, which reported the use of a specific theory of behaviour change, 

was ineffective. (432, 433)  

 

As such, this chapter addresses the second step of the development stage in the MRC 

guidance for the development and evaluation of complex interventions, which is 

identifying and developing theory to gain a theoretical understanding of the target 

behaviours and how change can be achieved. (239) In doing so, the 3rd step of the 

development stage is also addressed, which is modelling process and outcomes. (239) 

This step is recommended to ensure researchers have an in-depth understanding of the 

processes through which an intervention is proposed to work to enable the selection of 

appropriate outcome measures in subsequent evaluations of effectiveness. (239) 
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The incorporation of theory, and the understanding of the processes through which the 

intervention is proposed to change behaviours, facilitated the evaluation of the 

feasibility and acceptability of delivering the intervention as intended to individuals 

with FH. This process identified essential refinements to its content and delivery, as 

will be discussed in chapter five. (241) If deemed appropriate to proceed to a full-

scale evaluation of effectiveness in a RCT, it will facilitate a comprehensive 

interpretation of the results. (241, 610) It will also enable the intervention to be 

refined and improved before being scaled up and replicated successfully by others in 

other contexts. (241, 611) Given the high prevalence of FH, (6, 8) any intervention 

developed should be designed and evaluated in a way that facilitates subsequent 

delivery across different contexts and by other healthcare professionals (HCPs). (241, 

247, 611) 

 

4.3.5. The behaviour change wheel 

The MRC guidance advocates the use of theory in the development of complex 

interventions, however it offers no guidance on how to select or apply theory. (239) 

The Behaviour Change Wheel (BCW) (Figure 4.2) was created to overcome the 

limitation that no single theoretical model of behaviour change addresses all 

determinants of behaviours and offers comprehensive guidance to researchers wishing 

to incorporate theory in the development of interventions. (591) The BCW integrates 

19 behaviour change frameworks, linking them to a model that is broad enough to be 

applied to any type of behaviour across a variety of settings, negating the need to 

select one specific theoretical approach. (591, 612) It is recommended by Public 

Health England as the approach to be used by the National Health Service (NHS) 

when designing interventions targeting dietary and physical activity behaviours. (613)  
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Figure 4.2 The behaviour change wheel (BCW). Reproduced from Susan Michie 

and colleagues. (591, 612) The sources of behaviour are shown in green, the 

intervention functions in red and the policy categories in grey.  

 

The ‘COM-B model’ of behaviour upon which the BCW centers, shown in green in 

Figure 4.2, depicts behaviours as being the result of interactions between capability, 

opportunity, and motivation. (591) The second layer of the BCW, shown in red in 

Figure 4.2, displays the intervention functions (e.g. education) suitable to target the 

identified components of the COM-B and the third layer comprises of policy 

categories (e.g. guidelines) that could be used to deliver these interventions. (591) In 

this model, the COM-B components are the theoretical constructs influencing 

behaviour change and the BCW approach facilitates the identification of BCT 

proposed to target these. (590, 612) This facilitates an explicit description of the 

intervention content and the MoA through which it is proposed to change behaviours, 

in line with MRC guidance. (239, 241) Another benefit of this approach is the 

inclusion of steps to identify suitable modes of delivery. This is important as the 

duration, intensity and provider of interventions can influence the effectiveness of an 

intervention and there is not yet consensus on the most appropriate methods. (608, 

611, 614, 615)  
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4.3.6. Application of BCW to findings of qualitative research 

The BCW has been used as a framework to interpret primary qualitative research 

findings to inform intervention development across a variety of settings. (616-618) 

However, published examples of the application of the BCW approach upon findings 

of a QES, as opposed to primary qualitative research, are rare. (474) QES overcome 

the limitations of primary qualitative research, from which findings may have limited 

transferability outside the sample in which they were conducted. (467) This can 

increase the potential acceptability, effectiveness and scalability of the intervention 

developed. (474)  

 

4.4. Materials and methods 

4.4.1. The qualitative evidence synthesis (QES) 

In this current approach, the enablers and barriers identified in the QES were 

examined in more depth through the BCW lens. This allowed for exploration of the 

theoretical determinants of the identified enablers and barriers and identification of 

strategies required to enable behaviour change. The research team who carried the 

BCW analysis also undertook the QES analysis and were therefore familiar with the 

results of the  synthesis.  

 

4.4.2. Overview of BCW approach to intervention development  

Members of the research team followed the recommended stages and steps of the 

widely used BCW approach in the development of the intervention, displayed in 

Figure 4.3. (591, 612) The approach involved seven steps, which are best understood 

within two broad stages: 1) behavioural diagnosis and 2) identifying intervention 

content and implementation options. This step-by-step process was conducted through 

a series of team meetings, which were structured by the guidance provided by the 

developers of the BCW approach. (612) This guidance provides worksheets and case 

studies to assist researchers in their translation of the findings at each step of the 

process. The research team applied the BCW recommended APEASE criteria 

(Affordability, Practicality, Effectiveness and cost effectiveness, Acceptability, Side-

effects/safety and Equity) to assist with decision-making regarding intervention 

content and delivery method. (612) This facilitated evaluation of the appropriateness 

and suitability of the identified functions, BCT and intervention delivery modes 

within the context of the feasibility trial in which the intervention was to be delivered. 
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The wider context in which the intervention would be delivered, subject to the results 

of the feasibility and effectiveness testing, was also considered. For each step, the 

research team met to discuss their individual findings, before reaching a group 

consensus.  

 

 

QES, qualitative evidence synthesis; BCW, behaviour change wheel; COM-B, capability-opportunity-motivation-

behaviour; TDF, theoretical domains framework; APEASE, affordability- practicality-effectiveness and cost 

effectiveness-acceptability-side-effects/safety and equity; PPI; patient and public involvement.  

Figure 4.3 Flow diagram of the seven steps followed as part of the two broader stages 

involved in the development of the intervention. (585) 

 

4.4.2.1. Stage 1: Behavioural diagnosis 

The first step within this stage aimed to help the research team to define the 

behavioural problem(s) that the intervention aims to change. The second step 

involved selecting and detailing the specific behaviour(s) to target. The third step 

involved a behavioural analysis to identify what needs to change to bring about the 
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desired change in the target behaviour(s). These were factors that need to change 

within the person and/or their environment.  

 

4.4.2.1.1. Step 1: Define the problem in behavioural terms and select the 

target behavior(s) 

The research team reviewed and discussed the behavioural problem(s) that the 

intervention was being designed to address: adherence to dietary and physical activity 

treatment recommendations.  This involved consideration of the specific dietary and 

physical activity recommendations that would be targeted in the intervention and the 

behaviours required to achieve these. Chapter one provided an overview of the dietary 

and physical activity recommendations included across the various clinical guidelines 

for the treatment of FH and these are summarised in Figure 4.4. These reflect the 

current U.K. NICE guidelines with additional recommendations for sedentary 

behaviour, dietary fibre intakes and consumption of plant sterol and stanol fortified 

foods. The rationale for the selection of these recommendations is provided in 

Appendix 4.1.  

 

4.4.2.1.2. Step 2: Specify the target behaviour(s) 

To gain a deeper understanding of the target behaviours the research team considered 

and discussed the following aspects in relation to the target behaviours: which 

individuals need to engage in the behaviours; what they need to do differently to 

enable the behaviour change; when, where, who with and how often they will engage 

in the behaviours.   
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1. Total daily fat intake ≤30% of TEI 

2. Daily saturated fat intake of ≤10% TEI achieved via replacement with 

monounsaturated and polyunsaturated fats 

3. Daily dietary cholesterol intake ≤300mg 

4. Consumption of ≥ 5 portions of fruit and vegetables a day  

5. Age appropriate fibre intake: 10-year-olds= 20g/day; 11-16 year-olds = 25g/day 

and 30g/day for ≥17 years 

6. 2g of plant stanol/sterols per day  

7. Reduce time spent engaged in sedentary behaviors  

8. Age appropriate physical activity levels:  

• Adults aged 19-64 years: ≥ 150 minutes a week of moderate intensity physical 

activity or ≥ 75 minutes of vigorous intensity physical activity, or a mixture of 

the two. Additional activity focusing on improving muscle strength should be 

undertaken twice a week. 

• Children aged 5-18 years: ≥ 60 minutes of moderate-to-vigorous physical 

activity each day, with 3 of these sessions each week being of vigorous 

intensity and including activities that strengthen muscle and bone.  

TEI, total energy intake  

Figure 4.4 Dietary and physical activity treatment recommendations for children and 

adults with FH to be targeted in the intervention  

 

4.4.2.1.3. Step 3: Identify what needs to change 

This step involved identifying what needs to change in the individual and/or the 

environment in which they live to bring about the desired changes in behaviour. This 

was achieved by carrying out a COM-B analysis based upon the findings of the QES. 

In this analysis, each component of the COM-B model of behaviour change (Table 

4.1) was considered in relation to the target behaviours. To facilitate a deeper 

understanding of the behaviours, the research team carried out a further behavioural 

analysis on the COM-B components identified to be relevant. This was carried out 

using the Theoretical Domains Framework (TDF), which is an extension of the COM-

B model. (612, 619, 620) The TDF is comprised of 14 theoretical domains (e.g. 

behavioural regulation), which summarise 128 theoretical constructs from 33 theories 

of behaviour change. (619, 620) The 14 domains have been linked to the COM-B 



 101 

model components and provide a framework for a more comprehensive behavioural 

diagnosis to identify the theoretical constructs influencing behaviours and to guide the 

subsequent identification of suitable intervention functions and BCT that can be used 

to target these. (612, 620) The TDF has been validated for use as a method of 

theoretically assessing health behaviours to inform intervention development. (619) A 

description of each of the 14 domains and their links to the components of the COM-

B model are displayed in Table 4.1.   

 

 The COM-B and TDF analysis was carried out in 4 stages:  

1. Examination of the QES data (descriptive and analytical themes) to identify 

other relevant and/or more specific, factors influencing the target behaviours  

2. Identified factors were coded to their relevant COM-B component(s): 

Capability (physical and psychological), Opportunity (physical and social) and 

Motivation (reflective and automatic) (Table 4.1) 

3. Each COM-B component deemed to be relevant (i.e. had at least one factor 

coded to it) was then taken forward to be explored in more depth through 

consideration of the TDF domains it is linked to (Table 4.1)  

4. The relevance of each identified TDF domain was then considered in relation 

to the identified factors.  

These four stages identified the relevant theoretical constructs to be considered for 

targeting in the intervention by suitable BCT.  Changes in these theoretical constructs 

will therefore be the proposed MoA through which the intervention is anticipated to 

achieve changes in behaviours. 

 

4.4.2.2. Stage 2: Identifying intervention content and implementation 

options 

This stage involved using the results of the behavioural diagnosis carried out in Stage 

1 to guide decisions regarding the content and delivery of the intervention. This 

involved first selecting suitable intervention functions (e.g. education, incentivisation) 

and policy categories (e.g. guidelines, legislation) (Figure 4.2). Based upon these 

decisions, suitable BCT were identified for inclusion in the intervention before 

deciding on a suitable mode of delivery.  
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Table 4.1 The 14 domains of the theoretical domains framework (TDF), definitions and links to COM-B model of behaviour change. (612, 621)  

COM-B, capability, opportunity, motivation-behaviour model of behaviour change; TDF, theoretical domains framework

COM-B model component and definition TDF domain  Definition  
Capability Psychological 

Knowledge or psychological skills, 

strength or stamina to engage in the 

necessary mental processes 

Knowledge An awareness of the existence of something 

 

 Memory, attention and 

decision processes 

The ability to retain information, focus selectively on aspects of the environment and choose 

between two or more alternatives 

 

 Behavioural regulation Anything aimed at managing or changing objectively observed or measured actions 

 

 

 Physical  

Physical skill, strength or stamina 

Skills An ability or proficiency acquired through practice 

Opportunity Social 

Opportunity afforded by interpersonal 

influences, social cues and cultural norm 

that influence the way we think about 

things 

 

Social influences 

 

Those interpersonal processes that can cause individuals to change their thoughts, feelings, or 

behaviours 

 

 Physical 

Opportunity afforded by the environment 

involving time, resources, locations, 

cues, physical ‘affordance’ 

Environmental context and 

resources 

Any circumstance of a person's situation or environment that discourages or encourages the 

development of skills and abilities, independence, social competence, and adaptive behaviour 

Motivation Reflective 

Reflective processes involving plans 

(self-conscious intentions) and 

evaluations (beliefs about what is good 

and bad) 

Social role and identity A coherent set of behaviours and displayed personal qualities of an individual in a social setting 

 

 

 Beliefs about capabilities Acceptance of the truth, reality, or validity about an ability, talent, or facility that a person can put 

to constructive use 

 

 Beliefs about consequences Acceptance of the truth, reality, or validity about outcomes of a behaviour in a given situation 

 

 

 Intentions  A conscious decision to perform a behaviour or a resolve to act in a certain way 

 

 Goals  Mental representations of outcomes or end states that an individual wants to achieve 

 

 Automatic 

Automatic processes involving emotional 

reactions, desires (wants and needs), 

impulses, inhibitions, drive states and 

reflex responses 

Optimism  The confidence that things will happen for the best or that desired goals will be attained 

 

 Reinforcement Increasing the probability of a response by arranging a dependent relationship, or contingency, 

between the response and a given stimulus 

 

 Emotion  A complex reaction pattern, involving experiential, behavioural, and physiological elements, by 

which the individual attempts to deal with a personally significant matter or event 
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4.4.2.2.1. Steps 4 and 5: Identifying intervention functions and policy 

categories 

Firstly, the intervention functions (Figure 4.2) most suited to target the theoretical 

domains identified in the COM-B and TDF behavioural analysis carried out in stage 

1, were selected using established links between TDF domains and intervention 

functions. (612, 620) The identified intervention functions suitable for the target 

behaviours were then considered using APEASE criteria, which allowed for 

evaluation of the appropriateness and suitability of the identified functions for 

incorporation into the intervention.  Secondly, the seven policy categories (Figure 4.2) 

were then considered using APEASE criteria to identify the categories best suited to 

deliver the identified intervention functions within the constraints of the feasibility 

trial.  

 

4.4.2.2.2. Step 6: Identify behaviour change techniques  

The behaviour change technique taxonomy (BCTTv1) is comprised of 93 individual 

BCT (e.g. goal-setting) and has been developed and validated for use in selecting and 

describing BCT to be included in interventions. (588, 599) To guide the identification 

of all the suitable BCT from this taxonomy, tables of BCT appropriate for each 

intervention function were consulted as suggested in the BCW guidance. (612) These 

tables are the outcome of previous work that has proposed links between BCT and 

theoretical constructs. (590, 622) The suitability and potential effectiveness of each 

identified BCT was then considered, guided by APEASE, to produce a final set of 

BCT for inclusion in the intervention.  

 

4.4.2.2.3. Step 7: Identify the mode of delivery  

The final step involves considering the following factors in relation to how the 

intervention will be delivered: provider, recipients, intensity and implementation. This 

was carried out with consideration of the current clinical guidelines for individuals 

with FH and discussions with clinicians currently providing care to individuals with 

FH. The APEASE criteria were consulted to assess the options that would be suitable 

within the constraints of the feasibility trial and future implementation in outpatient 

lipid clinics. The potentially suitable options were then considered in relation to 

feedback gathered at a patient and public involvement (PPI) event (led by FK) that 
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was held as part of the feasibility trial development. At this event, four children and 

five parents with FH were asked questions about their preferences of the mode of 

delivery of an intervention (group, face-to-face or telephone) and the frequency and 

duration of these sessions.  

 

4.5. Results 

For consistency, the results are presented in line with the stages and steps outlined in 

the methods section.  

4.5.1. Stage 1-Behavioural diagnosis 

4.5.1.1. Step 1: Define the problem in behavioural terms and select the 

target behavior(s) 

In the accounts of individuals with FH as captured within the QES synthesis, their 

dietary or physical activity behaviours are not discussed in the level of detail that the 

current recommendations are provided. For example, individuals referred to their 

overall diet, instead of their fat or fibre intake. In recognition of this, these component 

behaviours were condensed into two broader behavioural targets which were selected 

as the targets of the intervention: diet and physical activity.  

 

4.5.1.2. Step 2: Specify the target behaviour(s) 

The target behaviours were specified in detail and the results are displayed in full in 

Table 4.2. As FH is chronic condition, the behaviours will need to be performed by 

individuals or guided by parents every day of their life, starting from the day of their 

diagnosis, which can be at any age from birth. Dietary and physical activity 

behaviours are performed several times a day, in a variety of different situations, both 

individually and with others. Consequently, the subsequent behavioural analysis will 

have to take into consideration the diverse contexts in which individuals will be 

engaging in these behaviours. A unique consideration for individuals with FH is that 

they have both unaffected and affected family members – with whom they may be 

living and therefore potentially engaging in the behaviours together. This may be 

especially relevant for children for whom parents are largely responsible for making 

dietary choices on their behalf and preparing most meals. Parents also exert influence 

upon their children’s engagement with physical activities in terms of transportation, 

financial and scheduling considerations.  
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Table 4.2 Behaviour specifications of the target behaviours. (585) 

Behavioural 

specifications Dietary behaviours Physical activity behaviours 

Who needs to 

perform 

behaviour?  

• All individuals with FH from 

the age of diagnosis 

  

• All individuals with FH from 

the age of diagnosis 

 

What does 

person need to 

do differently to 

achieve desired 

change?   

• Choose to eat foods that 

enable them to meet the 

dietary intake guidelines i.e. 

fruits, vegetables, plant sterols 

and stanols  

• Avoid eating too many foods 

that provide nutrients they 

need to limit i.e. saturated fat  

• Engage in physical activities 

and break up sedentary 

behaviours with periods of 

movement throughout the 

day. 

When will they 

do it?   
• All eating or drinking 

occasions- every meal and 

snack   

• At some point everyday 

Where will they 

do it?   
• In their own homes, places of 

education, workplaces, social 

events, restaurants and homes 

of friends or family members  

• In their own homes, places of 

education, workplaces, gyms 

and outside locations 

How often will 

they do it?   
• For the majority of eating and 

drinking occasions- allowing 

for flexibility occasionally   

• A minimum of once a day 

for ≤ 18 years and 3-5 times a 

week for >18 years 

• Actions to break up sedentary 

behaviour to be carried out 

several times a day  
With whom will 

they do it?   
• Alone, with friends, family 

members and work colleagues 
• Alone, with friends, family 

members, work colleagues 

and sports teams 

 

4.5.1.3. Step 3: Identify what needs to change 

Within the data from the QES, in their accounts of managing their FH, individuals 

infrequently discussed their dietary behaviours in detail and rarely referred to their 

physical activity behaviours in isolation. Most often, individuals referred to their 

attempts at living a ‘healthy lifestyle’, which encompasses both behaviours. This 

made it difficult to differentiate between factors influencing dietary and physical 

activity behaviours. Therefore, in the reporting of the analysis of the QES findings 

factors influencing ‘lifestyle behaviours’ have been reported which refer to 

individuals’ engagement with both dietary and physical activity treatment guidelines. 

For instances when it was clear that a factor was related to only the dietary or only the 

physical activity behaviour, this is specified. Table 4.3 presents an overview of the 

factors influencing lifestyle behaviours identified from the QES.  

Table 4.3 List of factors influencing lifestyle behaviours identified from the 

qualitative evidence synthesis. (585) 

• Older children lack the skills to prepare suitable meals themselves when they leave home 
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• Lifestyle behaviours are learnt from parents  

• Lifestyle behaviours developed in childhood continue into adulthood  

• Inadequate and/or incorrect knowledge of lifestyle guidelines 

• Disregard of the role of lifestyle guidelines in the management of FH 

• Lifestyle guidelines perceived as difficult to adhere to  

• Easier to engage in the desired lifestyle behaviours when other family members are  

• Parents feel responsible for ensuring their child adheres to lifestyle guidelines 

• Easier to regulate lifestyle behaviours if been adhering from a young age as have become habits 

• Access to practical resources and support to help/guide adherence to lifestyle guidelines 

• Other life events (illnesses, family bereavement and work/school pressures) prevent individuals 

from adhering to lifestyle behaviours as lack of time 

• Lack of availability of healthy foods and/or high costs of foods  

• Social situations in which individuals do not want to draw attention to their condition and eat 

differently from peers prevents adherence to dietary guidelines 

• Lack of confidence in ability to adhere to lifestyle guidelines as they are perceived to be difficult 

to follow particularly in certain situations e.g. social occasions or busy times in life 

• Perception that FH does not pose a great risk to health 

• Children and young adults who have not experienced symptoms do not perceive non-adherence 

with lifestyle guidelines presents health consequences  

• A formal diagnosis of FH motivates starting or continuing to adhere to lifestyle guidelines 

• Being actively involved with setting goals for themselves and their children  

• Becoming a parent motivates individuals to adhere to lifestyle behaviours as they want to improve 

their health and be able to care for their children  

 

In the subsequent behavioural analysis, all components of the COM-B model were 

deemed to be relevant and therefore all domains of the TDF were considered in 

relation to the factors influencing lifestyle behaviours identified from the QES. 

Twelve of the fourteen TDF domains were found to be relevant for inclusion as 

targets of the intervention. Table 4.4 displays the COM-B and TDF domains and the 

relevance of each one in relation to the factors identified in the QES.  The additional 

columns of this table will be described later in this results section.  
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Table 4.4 COM-B and TDF analysis of the factors influencing adherence to lifestyle guidelines, the selected BCT to target these and how they will be 

addressed in intervention* (585) 
COM-B TDF Domain Relevance of domain in 

relation to factors 

influencing behaviours 

identified from QES   

Appropriate 

intervention 

function(s)  

Behaviour change 

technique(s)  

Description of how behaviour change technique will be incorporated into intervention  

Physical 
capability 

Physical skills  Individuals lack the skills to 
be able to prepare suitable 

meals especially for those 

who are gaining 
independence i.e. to live 

away from home for 

university  
 

Parents impart skills of 

preparing meals  

Training  
 

 

Instruction on how to 
perform behaviour 

Advise individual how to modify current cooking techniques to fit with dietary guidelines i.e. baking instead of 
frying.  

Demonstration of the 

behaviour 
 

Individual to be signposted to resources which can aid with demonstration of the behaviour i.e. step by step recipe 

videos or pictorial guides  

Behavioural 

practice/rehearsal  

Prompt individual to practice cooking during intervention and adults to encourage child to help them  

Graded tasks 

 

Child to be prompted to help with food preparation -starting with simple task such as preparing vegetables, 

progressing to more complex tasks until able to prepare entire meal themselves 

 

Adults to be prompted to start cooking meals- starting with simple recipes and progressing to more complex ones  

Self-monitoring of 
behaviour 

Individuals asked to record their cooking skills development progress in weekly reflection diaries 

Physiological 

capability  
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Knowledge Individuals lack, or have 

incorrect, knowledge of the 
guidelines  

 

Intergenerational 
transmission of knowledge 

from parent to child  

Education  Instruction on how to 

perform behaviour  
 

Individual to receive detailed verbal and written information about the lifestyle guidelines and the chance to ask 

any questions they have- to prevent misinformation being passed to child.  
 

Individuals will receive detailed instructions about food swaps and cooking methods.  

 
The dietary intake data will be analysed ahead of intervention to establish any existing eating habits that are 

indicative of misinformation i.e. cooking with coconut oil or eating lots of eggs.  

Behavioural 

regulation 

Individuals find it hard to 

regulate their behaviour 
because they perceive the 

lifestyle guidelines to be 

restrictive and not allow for 
consumption of foods they 

enjoy and hard to fit into 

their busy lifestyles  

Enablement Self-monitoring of 

behaviour 

Individuals asked to complete weekly reflection diaries in which they record whether they have been able to meet 

the goals set for lifestyle behaviours which will be discussed during follow-up sessions 

Goal setting 

(behavioural)  

 

Individual prompted to set their own goals which they feel are achievable-which take into consideration their food 

preferences, fitness levels, readiness to change and lifestyles. The goals will be SMART. 

Review behavioural 
goal(s) 

All goals will be reviewed at each follow-up session and, depending on level of achievement, will be increased, 
modified, stay the same or a new additional goals will be created.  

Action planning Individual will be prompted to develop specific planning of how they will achieve each goal set i.e. if increasing 

fibre intake then the food swap or additional food to be included in diet will be specified, along with what meal or 
snack they will include it in and how many times per day or week.   

Behaviour 

substitution 

Individual and dietitian to brainstorm other foods that they enjoy which are more in line with dietary guidelines 

which they could choose instead 

Prompts and cues Individual advised to leave intervention booklet in a place where they regularly eat to prompt them to engage in 

the agreed dietary goals and set reminders on phones/fitness monitors to move regularly  

Restructuring the 

physical environment 

Advise individual to keep food choices they enjoy eating, that are in line with the guidelines, in the house/at 

work/in car to encourage consumption of these when they want to eat foods which aren’t necessarily in line with 
desired behaviours 

Education  Information about 

antecedents  

Individual prompted to consider specific contexts in which they find it hard to adhere to dietary guidelines and 

identify triggers for this behaviour. The findings will be addressed in action planning and problem-solving session 
of the intervention.  

Information about 

emotional 

consequences   

Dietitian to discuss with individual the potential improvement in their mood that they could experience if they 

choose to engage in dietary behaviours. 

Dietitian to emphasise to individual that if they find foods that they enjoy that fit the guidelines, they will also 
experience the same enjoyment of these foods as with previous foods  
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Physiological 

capability 

(continued) 

Cognitive & 

interpersonal skills 

Not found to be relevant   

Memory, attention 

and decision 

processes 

Individuals who have 
developed habits find their 

behaviours easier to regulate 

since their actions are less 
focused around conscious 

decisions and more about 
habituation 

Enablement   Identification of self 
as a role model 

Parents encouraged to view themselves as role models for their children and make their behaviours part of 
everyday life for their children to help them foster adoption of healthy habits from a young age.  

Behavioural 

substitution  

Individuals encouraged to set goals that involve swapping something they currently do everyday with something 

that will help them achieve the guidelines to help establish new healthy habits i.e. walking to and from work 

instead of driving or always having a piece of fruit when they make their morning cup of tea instead of a biscuit.  

Social 

opportunity  

Social influences  Easier to follow guidelines if 

surrounded by family 

members also doing so  

 

Individuals do not want to 

draw attention to themselves 
by eating differently in social 

situations 

 
Children model their parents  

 

Young adults feel there is 
stigma around disclosure of 

their condition and it’s 

dietary guidelines 
 

Young adults want to eat 

with their friends at places 
where healthy food choices 

are not always available  

Enablement  Social support 

(emotional) 

  

Dietitian to provide support during follow-up sessions- individuals advised to keep reflection diaries to record any 

emotional difficulties they have had which can then be discussed at follow-up.  

 

Individual also encouraged to seek support from the family member(s) they are taking part in the intervention 

with- to view it as a ‘team effort’ and provide support and encouragement to each other 

Social support 
(practical) 

 

Individuals encouraged to seek support from family members (including those not taking part in intervention) and 
friends if they are struggling to engage in the behaviours i.e. arranging to go to the gym with a friend or having 

partner/sibling help with food shopping or meal preparation.  

 
Dietitian will also provide practical support during follow-up sessions- helping individual to identify methods to 

help encourage the behaviour i.e. links to online resources or suggestions on how they could obtain practical 

support from friends or family such as having their parent help prepare their lunch  

Identification of self 
as role model 

 

Individual to communicate to parents how influential their behaviours are to their children and encourage them to 
engage in the behaviours they want their children to.  

 

Children also encouraged to view themselves as role models for their parents, other siblings and friends. Dietitian 

to communicate the benefits engaging in the behaviours could bring to these significant others.   

Problem solving During intervention ‘barriers and solutions’ section, dietitian will encourage individual to think of situations in 

which they feel they will struggle to engage in the desired behaviours (i.e. social situations) and think of solutions 
to overcome these. These will be reviewed at follow-up sessions. 

Restructuring of 

physical environment  

Individuals encouraged to socialise with friends and family in places that facilitate engagement of desired 

behaviours i.e. meet in the park or choose restaurants in which there are suitable options for them so that they 
don’t have to draw attention to their food choices.  

Physical 

opportunity 

Environmental 

context and 

resources 

Lack of available healthy 

food easily accessible within 

their environment e.g. due to 
expense or where people 

typically source food 

 

Conflicting events in life 

(such as illness or new job) 

can reduce available 
capacity/resources/time to 

follow the guidelines 

 
People how have grown up 

with other family members 

who have FH have the skills 
and ability to follow the 

guidelines themselves 

Training  Instruction on how to 

perform the behaviour  

The instructions provided from dietitian to individual will be individualised in terms of their lifestyles and other 

conflicting events in life that demand their focus. The advice given will provide instructions to individual about 

how they can achieve the desired behaviours in their current context i.e. cheaper options for suggested food swaps, 
suggested food swaps one they can obtain in the current place they shop, easy and quick options for meals if 

individual has limited time to cook and suggestions of physical activity they can fit into their current routines such 

as walking instead of bus/car.   

Enablement  Social support 
(emotional) 

Dietitian to provide emotional support during intervention and follow-up sessions- discussing with them what else 
is going on in their life and how this is influencing their ability to adhere to guidelines. 

Individuals also encouraged to seek the emotional support of friends and family  

Social support 

(practical) 

The dietitian will encourage the whole family (both with and without FH) to engage in the dietary and physical 

activity guidelines to provide support to the individuals taking part in intervention.  
 

Individuals who may struggle to be able to make the changes required to meet the guidelines encouraged to enlist 

help of family or friends to help them with cooking or food shopping or taking children to sport classes 

Restructuring the 

social environment  

The intervention is delivered at a family-based level with parent and child making dietary and physical activity 

choices together. Any other family members will also be encouraged to make the changes as well to facilitate a 

home environment that encourages adherence to the dietary and physical activity guidelines.  
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Reflective 
motivation 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 

Social role and 
identity  

When they had a formal 
diagnosis, as opposed to a 

diagnosis of ‘possible’ FH, 

individuals feel that 
following guidelines are a 

natural part of their identity 

as someone with FH  

Persuasion   Framing/reframing  Guidelines communicated to individual as being specifically for individuals with FH as opposed to general healthy 
lifestyle guidelines provided to all individuals. The inclusion of two specific dietary guidelines for individuals 

with FH such as eating foods fortified with plant sterols and stanols and reducing dietary cholesterol intakes will 

help individuals to buy into the idea that following the guidelines is part of their identity of having FH. The 
benefits of following the guidelines in the management of their FH will be emphasised, in addition to general 

overall health benefits.  

Beliefs about 

capabilities 

Lack of confidence in ability 

to adhere to guidelines as 

they are perceived as being 
restrictive (dietary) and 

difficult to follow (dietary 

and physical activity)  

Persuasion  

  

Framing/reframing  Dietary guidelines to be communicated as a healthy lifestyle rather than a restrictive diet, with all foods permitted. 

Emphasis will be put on foods to add into the diet (fruits, vegetables, fibre rich foods, plant sterols and stanols) to 

help individual view dietary choices as positive and enjoyable.  
 

Physical activity to be communicated positively, with emphasis placed upon finding activities that the individual 

enjoys doing, either alone or with friends or family, rather than it being a chore they have to try and fit into their 
day without enjoying it.  

Verbal persuasion 

about capabilities  

Dietitian to encourage individual and tell them that they are capable of changing their behaviours- to be included 

during initial session and follow-ups.  

Focus on past success  Individuals asked to keep weekly reflection diaries to record progress in between follow-ups. Dietitian to ask 
during follow-up what the individual has recorded and to focus on any successful changes they have made and 

refer back to these to provide encouragement and motivation to individual to carry on and make more changes.   

Feedback on 
outcomes of 

behaviour 

Individual to receive feedback about how their dietary intakes and physical activity levels compare to the 
guidelines at the start and end of the intervention as evidence of their capability of adhering to the guidelines to 

promote maintenance of behaviours after intervention ended.  

Beliefs about 
consequences 

Individuals do not believe 
FH poses a health risk so 

they do not feel the need to 

follow guidelines. Especially 
salient in people who are 

asymptomatic and people 

who do not have a family 
history of FH 

 

If individuals are taking 
medication, they feel 

absolved from the need for 

following the guidelines.  
 

Individuals do not believe 

that following the guidelines 
will impact on their health 

outcomes.   

Education  Information about 
health consequences  

The intervention starts with explanation from dietitian about the importance of lifestyle guidelines in the 
management of FH. It will be explained that despite use of medication, many individuals with FH may still be at 

higher risk of cardiovascular disease and adherence to lifestyle guidelines can help reduce this risk. The benefits to 

their overall health will also be communicated.  
 

Individuals to be informed about the ‘silent’ nature of cholesterol and the importance of keeping cholesterol as low 

as possible for your whole life, before any symptoms occur.  

Persuasion  Credible sources Intervention delivered by a dietitian who will explain the training they have undertaken to gain that title- to help 
individual recognise that their advice is credible. All individuals will also be informed that their doctor is aware 

and supportive of them receiving the intervention as they view it as being part of their clinical care.  

 
Individual to be receive verbal and written advice about the guidelines which will include information about where 

the guidelines have come from- national committees across several countries who have reviewed all the available 

scientific evidence and come to same conclusion about the guidelines that individuals with FH should be 
following.  

Biofeedback  

 

Individual to be provided with weight, body fat % and blood pressure before starting the intervention to prompt 

adoption of guidelines- either to improve these figures or maintain them. Also will be provided with this 
information at the end of the intervention to compare with their results at the start of the intervention, which will 

be discussed in relation to the behaviour changes made over the intervention.   

Intentions  When people become 

parents, their intentions to 
look after their own health 

increases as they feel 

responsible to live longer for 
their children 

 
Children do not have the 

intention to deal with their 

condition yet  

Persuasion Comparative imaging 

of future outcomes 

Dietitian to prompt individual to think about what the possible health outcomes would be if they choose to follow 

guidelines compared to if they chose not to- with emphasis on what this would mean for their children or parents.  

Identification of self 

as role model  

Dietitian to emphasise to parent that their child are heavily influenced by their behaviours, to encourage them to 

engage in guidelines for the sake of their child’s health.  

Information about 
health consequences  

 

 
 

 

 

Individuals to be informed about the ‘silent’ nature of cholesterol and the importance of keeping cholesterol as low 
as possible for your whole life, before any symptoms occur. The importance of the role of lifestyle guidelines to be 

discussed in context of benefits they provide over and above medication alone.  
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COM-B, Capability-Opportunity-Motivation-Behaviour; TDF, theoretical domains framework; QES, qualitative evidence synthesis; SMART, specific, measurable, acceptable, realistic, time based 

*‘guidelines’ refers to both dietary and physical activity guidelines. In instances where only dietary or only physical activity guidelines are being referred to, this is specifically stated.  

 
Reflective 

motivation 

(continued)  
 

 

Goals Individuals desire to be 
actively involved in 

treatment decisions for 

themselves and their children 

Enablement  Goal setting 
(behavioural) 

Individuals will decide (with help from dietitian and family members) upon goals for each of the guidelines and 
will record these in their intervention booklets. These goals will be SMART in nature and will be tailored toward 

the individuals individual circumstances, lifestyles and food preferences and readiness to change. Goals will not be 

prescribed- individual encouraged to think of them themselves. 
 

Parents will be encouraged to help child with setting their goals.  

Review goal 

(behavioural) 

At each follow-up session, dietitian and individual will review the goals set at previous session or follow-up. 

Together they will agree to either: keep goal the same, modify the goal or create new goal. These decisions will be 

based upon individuals’ levels of achievement and willingness to change. 

Self-monitoring of 
behaviour 

Individual asked to record their achievement with the goals they set in weekly reflection diaries to be discussed at 
each follow-up sessions.  

Optimism   

 

Not found to be relevant  

Automatic 
motivation 

Reinforcement Parents are incentivised to 
enable child to follow 

guidelines to ensure that the 

child will achieve the best 
possible health outcomes  

 

Parents are also incentivised 
to take care of themselves so 

that they are healthy and able 

to take care of their child. 

Persuasion  Identification of self 
as role model  

Dietitian to emphasise to parent that children are heavily influenced by their behaviours, to encourage them to 
engage in lifestyle guidelines for the sake of their childs’ health.  

Comparative imaging 
of future outcomes 

Dietitian to prompt individual to think about what the possible health outcomes would be if they choose to follow 
lifestyle guidelines compared to if they chose not to- with emphasis on what this would mean for their children or 

parents.  

Framing/ reframing Individual prompted to view engaging in the behaviours as something that will benefit their children, rather than 

just themselves.  

Enablement  Social support 

(emotional)  

Dietitian to encourage parent and child to provide support to each other throughout the intervention and encourage 

each other to engage in the behaviours 

Emotion Individuals who themselves, 

or their family members, 

have experienced CVD 
symptoms experience stress 

and anxiety about the long-
term health outcomes related 

to FH  

Persuasion Framing/ reframing Individual prompted to view the guidelines as behaviours that can help reduce their risk of developing symptoms 

as their family members have, or reduce the likelihood of experiencing further symptoms. They are something the 

individual can do to help take control of their health.  

Comparative imaging 

of future outcomes 

Dietitian to prompt individual to think about what the possible health outcomes would be if they choose to follow 

guidelines compared if they chose not to.  

Social support 

(emotional) 

Dietitian to encourage parent and child to provide support to each other throughout the intervention and encourage 

each other to engage in the guidelines 



 111 

4.5.2. Stage 2: Identifying intervention content and implementation options 

4.5.2.1. Steps 4 and 5: Identifying intervention functions and policy 

categories 

Seven of the nine intervention functions were identified as being appropriate to target 

diet and physical activity behaviour change and after consideration of the APEASE 

criteria, four were deemed to be suitable for inclusion: Education, training, 

enablement and persuasion. Table 4.5 displays the descriptions of each of the 

intervention functions and details of the APEASE evaluation carried out. 

 

Guided by the policy categories suggested by the BCW to deliver each of the four 

identified intervention functions, all seven category options were found to be suitable. 

After consideration of APEASE criteria, guidelines and service provision categories 

were identified as being suitable for delivering the intervention functions in the 

context of the feasibility trial. ‘Service provision’ will be in the format of setting up a 

dietetic service to deliver the diet and physical activity intervention and ‘guidelines’ 

will be in the format of a suggested protocol for the delivery and content of the 

intervention, to be implemented in lipid clinics, subject to the outcomes of the 

feasibility trial.  

 

4.5.2.2. Step 6: Identify behaviour change techniques  

Twenty-six BCT were identified for inclusion in the intervention following evaluation 

using the APEASE criteria. Table 4.4 displays the BCT, the theoretical domain they 

are proposed to target and exert their effect through, and details of how they are 

intended to be incorporated into the intervention. Each BCT aims to addresses both 

physical activity and dietary behaviours unless specifically stated otherwise. Some 

BCT are proposed to mediate behaviours through several MoA as evident by the 

selection of certain BCT to target more than one theoretical domain. Definitions of 

the selected BCT are provided in appendix 4.2.  
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Table 4.5 APEASE criteria evaluation of candidate intervention functions. (585) 

Intervention 

functions  
Description  Candidate 

intervention 
function?  

Does function meet the APEASE criteria in the context of 

adhering to lifelong dietary and physical activity guidelines and as 
part of an intervention within feasibility trial?  

Education  Increasing 

knowledge or 

understanding   

Yes  Yes: intervention can include education about guidelines and also 

why they are important to follow.  

Persuasion  Using 

communication to 

induce positive or 
negative feeling or 

stimulate action  

Yes  Yes: the benefits of following guidelines can be communicated 

during the intervention to induce positive feelings and inspire 

actions. 

Incentivisation  Creating an 
expectation 

of reward  

Yes  No: providing rewards would not be sustainable for these 
behaviours which are to be adhered to for life and could not be 

continued after feasibility trial ended. Those who were only 

following guidelines to receive incentive would therefore be 
unlikely to continue with behaviours. 

  
Coercion  Creating an 

expectation of 

punishment or cost  

No  Not applicable  
  

Training  Imparting skills  Yes  Yes: while it is not possible to include workshops to increase 
physical skills (i.e. cooking) within the intervention due to 

affordability and practicality issues, individuals will be provided 
with information that will enable to development of skills and 

parents will be encouraged to impart skills to their children. 

  
Restriction  Using rules to 

reduce the 

opportunity to 
engage in the target 

behaviour  

Yes  No- it is beyond the scope of the feasibility trial to change rules 

regarding the availability of foods or opportunities for physical 

activity. Furthermore, the results of the QES suggest that 
suggesting certain foods are restricted would only serve to 

increase the perceived difficultness of following  

the guidelines and would not be acceptable to the individuals.   
Environmental 

restructuring  
Changing the 

physical or social 

context   

Yes  No: it is beyond the scope of the feasibility trial to change the 

physical or social contexts that individuals experience  

Modelling  Providing an 

example for people 

to aspire to or 
imitate   

No  Not applicable  

Enablement  Increasing 

means/reducing 
barriers to increase 

capability or 

opportunity (beyond 
environmental 

restructuring)  

Yes   Yes: the intervention can include strategies to enable individuals 

to feel more positively about the desired behaviours and the 
development of mental strength to engage in them.  

APEASE, Affordability-practicality-effectiveness and cost-effectiveness- acceptability-side effects-equity; QES, qualitative 

evidence synthesis   

  

 

4.5.2.3. Step 7: Identify the mode of delivery  

The decisions regarding mode of delivery have been broken down into: Provider, 

Recipients, Intensity and Implementation.  

 

Provider: The current recommendations for provision of care to individuals with FH 

state that the lifestyle advice should be delivered by a HCP with the relevant 

knowledge in nutrition, (58) therefore it was decided that a dietitian would deliver the 

intervention. 
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Recipients: The greatest reductions in CVD risk in individuals with FH are evident in 

those who commence treatment from a young age (623, 624) and thus, the research 

team decided the intervention would have most benefit if delivered to children with 

FH. However, research also suggests that adults with FH are non-adherent to lifestyle 

treatment and would also benefit from receiving the intervention. The genetic pattern 

of inheritance means that every individual with FH will have one affected parent, and 

findings from the QES highlight the importance of establishing healthy lifestyle 

behaviour habits from a young age and having other family members engaging in the 

behaviours. Furthermore, recent English and international guidelines advocate family-

based care for children with FH (105, 185) and family based care is recommended for 

CVD risk reduction interventions for children and adults. (625) These findings 

suggest that delivering the intervention to families may increase the chances of 

behaviour change and therefore the intervention was delivered to parent-child dyads. 

 

Intensity: With an estimated prevalence of 1 in 250-300, (6, 8) it is essential that the 

intervention is pragmatic with the potential to be delivered within the time and budget 

constraints of current health services in the U.K. As an initial dietetic consultation 

usually takes 30 minutes, the decision was made for the intervention to be delivered in 

60 minutes as it would be delivered to two individuals. The PPI group feedback 

confirmed that a one-hour session would be acceptable, but participants reported that 

they may struggle with motivation and follow-up sessions were suggested. 

Participants stated that it may be difficult to attend more visits to the hospital and 

suggested that they would prefer telephone or email follow-ups. Based on these 

findings, the intervention was delivered through a one-hour face-to-face consultation 

and four follow-up phone calls. For the purpose of evaluation within the feasibility 

trial, the follow-up period was 12 weeks. 

 

Implementation: To ensure the intervention was implemented as intended, checklists 

were created for completion by the dietitians during each initial (Appendix 4.3) and 

follow-up session (Appendix 4.4). These checklists provided detailed information 

about the content to be covered during each session. The level of detail in the 

checklist provided to the dietitian was intended to act as a script for the sessions with 

suggested prompts and questions provided at relevant points to facilitate participant 

involvement. To facilitate the subsequent evaluation of the intervention 
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implementation, the dietitians also completed a BCT checklist for each session 

(Appendix 4.5 and 4.6). To further facilitate the implementation of intervention 

content and enable individuals to engage in the lifestyle behaviours on their own at 

home, age appropriate intervention booklets were designed: one for children 10-13 

years and one for children and adults aged 14 years and over. (Appendix 4.7 and 4.8) 

These were developed with reference to other resources available for individuals with 

FH from HEART UK: The cholesterol charity, (626) and were reviewed by adult and 

paediatric dietitians. Ten children aged 11-17 years also reviewed these booklets at a 

Young Persons Advisory Group (YPAG) meeting during the development of the 

feasibility trial. As well as enabling a subsequent evaluation of intervention 

implementation within future trials, these checklists and intervention booklets were 

intended to facilitate the delivery of the intervention by others across different 

settings. They aim to provide more comprehensive guidelines than are currently 

available for providing the recommended lifestyle advice to children and adults with 

FH. (105, 185) 

 

4.5.3. Summary of intervention content and delivery  

Following the steps of the BCW, an intervention specifically tailored towards children 

and adults with FH was developed which was anticipated to be feasible to implement 

within the current care pathway for this clinical population group. It consisted of an 

initial one-hour face-to-face dietetic session delivered to child-parent dyads followed 

by four follow-up sessions delivered via telephone or email over a 12-week period.  

 

A brief overview of the intended intervention aims for the participant are displayed in 

Table 4.6, alongside the BCT incorporated for the eight sections of the initial session 

and the follow up sessions. The checklists available in Appendix 4.3 and 4.4 provide 

comprehensive details about the information communicated in each session. It was 

primarily focused upon providing education about the dietary and physical activity 

recommendations and the importance of adhering to these in addition to 

pharmacological treatment for the avoidance of long-term health consequences 

associated with FH. The dietary and physical activity recommendations to be targeted 

in the intervention (Figure 4.4; Appendix 4.1) were communicated to families as six 

targets, which provided structure for the intervention booklets and intervention 

sessions. The targets were:  
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1) Reduce how many foods high in saturated fat you eat and replace with foods rich in 

unsaturated fats 

2) Limit how many foods high in dietary cholesterol you eat per week 

3) Increase the number of portions of fruits and vegetables you eat each day 

4) Increase how many insoluble and soluble fibre rich foods you eat each day 

5) Have one plant sterol or stanol fortified yogurt drink each day 

6) Increase how physically active you are and reduce time spent being sedentary  

 

Achievable goals were set for each of the six targets, tailored towards each 

individual’s current physical activity levels, dietary intakes and unique personal and 

family characteristics. These goals were SMART (specific, measurable, acceptable, 

realistic, time-based) in nature. (627) The dietitians provided verbal and written 

(intervention booklets, Appendix 4.7 and 4.8) instructions on how to achieve these 

targets such as food swaps, cooking techniques, and recipes. The goals were reviewed 

at each follow-up session alongside further problem solving and action planning 

sessions to facilitate continued attainment of goals. Parents and children were 

encouraged to view each other as sources of emotional and social support and other 

family members encouraged to adopt the lifestyle changes. Individuals were 

encouraged to self-monitor their behaviours through the use of self-reflection diaries 

and checklists to monitor intake of foods fortified with plant sterols and stanols.  
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Table 4.6 Summary of the aims for participants and incorporated BCT for the initial and follow-up session of the intervention. (585) 

SMART, specific, measurable, acceptable, realistic, time based

Section Aim(s) for participants Incorporated BCT 
1. Introduction 

& 

2. Scientific rationale  

• To understand the importance of diet and physical activity in the management of FH and for their overall 

health.  

• To be aware of the importance placed on diet and physical activity by national and international guidelines 

for FH and the current recommendations in England that all FH patients should receive individualised 

advice about diet & physical activity  

• To understand that the earlier treatment for FH starts, the more effective it is and this is why it is important 

to optimise nutrition and physical activity from a young age 

 

Information about health consequences, credible sources, 

biofeedback, information about emotional consequences, 

identification of self as a role model, biofeedback, comparative 

imaging of future outcomes, feedback on outcomes of behaviour, 

identification of self as role model  

3. Education about 

dietary guidelines  
• To know what a healthy balanced diet looks like, including the food groups and the proportion each one 

should make to diet 

• To know what the five diet targets of the intervention are 

• To understand why each target is important for their health and for the management of their FH 

• To understand what foods to include/exclude and/or increase/decrease consumption of to achieve targets 

 

Information about health consequences, credible sources 

Instruction on how to perform behaviour, demonstration of the 

behaviour, framing/re-framing, identification of self as a role 

model, 

 

 

 

Information about health consequences, credible sources 

Instruction on how to perform behaviour, demonstration of the 

behaviour, framing/re-framing, identification of self as a role 

model, 

 

4. Education about 

physical activity 

guidelines 

• To know what the physical activity and sedentary behaviour recommendations are for their age 

• To know why these recommendations are important for their health and for management of their FH 

• To know what the different levels of physical activity are (low, moderate and high) and what types of 

physical activity fall into which group 

• To understand how they can incorporate more physical activity into their lifestyle to help increase levels to 

recommended amounts, or more in addition to reducing sedentary behaviours. 

 

5. Goal setting • To agree with dietitian upon SMART goals for each of the targets. These will be changes to their lifestyle 

that they agree to make over the following 12 weeks to achieve nutritional intakes and physical activity 

levels closer to the guidelines  

 

 

 

 

Goal setting (behavioural), behaviour substitution, action 

planning, prompts and cues, restructuring the physical 

environment, identification of self as a role model, restructuring 

the social environment, behavioural practice/rehearsal, graded 

tasks, information about antecedents, social support (practical), 

social support (emotional) 

 

6. Barriers and solutions • To identify potential barriers that may prevent them from meeting the goals set 

• To identify, through discussion with dietitian and other family member, solutions to these barriers 

Action planning, behaviour substitution, prompts and cues, 

information about antecedents, framing/re-framing, restructuring 

the physical environment, problem solving, restructuring the 

social environment, social support (practical) 

7. Follow up 

arrangements  

& 

8. Wrap-up 

• To understand what will happen over the following 12 weeks 

• To understand the purpose of the weekly reflection diaries and know how to fill them out 

• To know what will be discussed during the follow-up sessions  

• An opportunity to ask any unanswered questions 

• To receive summary of session discussion & receive encouragement and motivation from dietitian 

 

 

Social support (emotional), verbal persuasion about capabilities, 

self-monitoring of behaviour (prompt to) 

Follow-up sessions  

(weeks 2,4, 8 and 11) 
• To review with dietitian their progress towards goals set at previous session 

• To adjust goals accordingly, with help of dietitian, to facilitate attainment  

• Brainstorm solutions to any identified barriers to achievement recorded in reflection diaries 

• To receive encouragement and motivation from dietitian  

Action planning, problem solving, social support (emotional), 

social support (practical), verbal persuasions about capabilities, 

focus on past successes, review behaviour goal(s), self monitoring 

of behaviour (prompt to) 
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4.6. Discussion 

This chapter has reported the systematic development of an intervention designed to 

target dietary and physical activity behaviours in individuals with FH, which aimed to 

enable them to adhere to recommended lifestyle treatment guidelines. A behavioural 

analysis was carried out upon the findings of a QES following the steps outlined in 

the Behaviour Change Wheel (BCW) guidance. This guided the application of a 

taxonomy of behaviour change techniques (BCTTv1) to select the behaviour change 

techniques (BCT) most appropriate to bring about the desired changes in behaviour 

and inform the content of the intervention. This discussion will focus upon comparing 

the theoretical constructs identified to be determinants of behaviours, the BCT 

selected to target these constructs and the intervention delivery method to other 

interventions aiming to improve dietary and physical activity behaviours in 

individuals with FH and other similar conditions. The limitations of this research will 

be discussed before outlining the evaluation methods to be adopted in future 

feasibility testing. 

 

4.6.1. Comparison to previous interventions for individuals with FH 

A comprehensive search carried out for this thesis identified only one other 

intervention targeting dietary and physical activity treatment behaviours in adults with 

FH in which the use of theory was explicitly stated. (431) Many of the theoretical 

constructs targeted were similar to this intervention, as were the BCT included to 

bring about change such as action planning, goal setting and information about health 

consequences. (432, 433) The previous intervention achieved only small and 

insignificant improvements in behaviours which may be explained by an inability to 

increase motivation, with less than a third of participants completing any of the 

available online modules or making action plans after the initial face to face 

counseling session. (628) The development of the intervention was informed by the I-

Change theoretical model of behaviour change. (433, 629) While this model has been 

successfully applied to understand sunscreen use in adolescents, (629) it might not 

have been suitable to address all of the relevant theoretical constructs to increase 

motivation in the context of FH. There are several unique factors of this present 

intervention that could contribute to achieving significant changes in behaviour. 

Firstly, the behavioural analysis undertaken for the present study found several 

theoretical constructs associated with the reflective motivation component of the 



 

COM-B model to be important determinants of behaviour. The inclusion of several 

additional BCT to target these constructs in the present intervention, such as 

framing/reframing and identification of self as role model, may enable individuals to 

become sufficiently motivated to engage with the intervention and proceed to 

developing their capability to achieve the desired changes in behaviour. Secondly, the 

current behavioural analysis highlighted the importance of addressing the influence 

that family members and peers have upon dietary and physical activity behaviours 

through several theoretical constructs encompassed by the theoretical domains 

framework (TDF) domains intentions, reinforcement, social influences and 

environmental context and resources, which may have not been addressed sufficiently 

in the previous intervention. This was addressed in the present intervention through 

the delivery to parent-child dyads and the incorporation of additional BCT such as 

social support (emotional and practical) and identification of self as role model. 

Thirdly unlike the previous study, (431) the individuals received information about 

the lifestyle guidelines in the context of FH (as opposed to general CVD risk 

reduction) and it was delivered as part of their clinical care. This aimed to foster 

positive attitudes towards the lifestyle guidelines and emphasise to individuals that it 

is a necessary component of treatment for their medical condition. This is 

hypothesised to be mediated through augmenting the theoretical constructs within the 

TDF domains beliefs about consequences and social role and identity.  

 

Based upon a cross-sectional questionnaire study of adults with FH, a theoretical 

model of behaviour change has been developed to investigate the determinants of 

lifestyle behaviours in adults with FH, although it has not yet been incorporated into 

an intervention or evaluated. (457) This model identified several theoretical constructs 

to predict intentions to engage in dietary and physical activity behaviours, with 

attitudes towards the behaviour and subjective norms being the most salient. (457, 

539) The behavioral analysis carried out in the present study also identified these to 

be important determinants of lifestyle behaviours and several BCT have been 

included to address attitudes towards lifestyle treatment (i.e. framing/reframing and 

information about health consequence) and create positive social influences (i.e. 

identification of self as role model and social support-emotional and practical). 

Furthermore, the delivery of the intervention to parent-child dyads and 

encouragement for the whole family to adopt the lifestyle changes aimed to foster



 

 positive social influences from other family members. However, in disagreement 

with the previous research, this present study identified the potential influential role of 

the theoretical constructs within the TDF domain behavioural regulation. (457, 539) 

This is likely explained by the measurement of intentions to engage in behaviours, 

rather than actual behaviours, in the previous research. While it has not yet been 

investigated in individuals with FH there is a recognised gap between intentions and 

behaviours in individuals receiving interventions to target lifestyle behaviours. (630, 

631) This gap has been found to be reduced by the inclusion of BCT hypothesised to 

target the behavioural regulation theoretical domain, such as goal setting and action 

planning which were included in the present intervention. (631, 632) 

 

While other studies have reported that providing dietary counseling can improve the 

dietary behaviours of children and adults with FH, minimal information about the 

content of these interventions is provided which limits the ability to compare them to 

the present intervention. (127, 409-411, 417, 633, 634) Commonalities across the 

successful studies include providing detailed information about the dietary 

recommendations, ideas for food swaps, provision of advice from a dietitian or 

nutritionist, inclusion of parents in sessions delivered to children, personalised 

feedback of how current intakes compare to guidelines and follow-up contact during 

the intervention period. (127, 409-411, 417) The content and delivery mode of this 

intervention encompassed all these potentially successful components. However, the 

dietetic counseling provided in the previous studies (Chapter 2) was often more 

intensive with six to eight weekly face-face sessions, (127, 410, 411) or focused upon 

only the fat and cholesterol content of the diet, (406, 407) and were delivered to 

children who were not prescribed lipid lowering medication. (127, 406-412) The 

present intervention aimed to change a larger range of dietary behaviours, in addition 

to physical activity behaviours, to children and adults who are also taking medication. 

Furthermore, it aimed to enable individuals to achieve this behaviour change without 

the need for multiple face-to-face sessions with a dietitian which would not be a 

pragmatic approach to be scaled up and delivered as part of routine clinical care. 

Thus, the comprehensive selection of additional BCT hypothesised to target several 

theoretical constructs included in this intervention may be necessary to achieve the 

desired changes in behaviours. This assumption is substantiated by the high 

prevalence of children and adults not meeting current dietary and physical activity 
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treatment recommendations after receiving standard care comprising of brief lifestyle 

advice upon diagnosis and at annual follow-ups after this. (441, 442, 452, 455, 456, 

635)  

 

Previous studies which have successfully changed behaviours relating to consumption 

of plant sterol and stanol fortified foods have provided these foods to the individuals 

with FH. (419, 421) Given the high cost of between £70-£200 per year depending on 

product choice, (636) and findings that as little as 8% of adults and 1% of children 

with FH consume these foods, (443, 452) it is likely that asking individuals to 

purchase these foods would require consideration of theoretical determinants 

mediating their decisions regarding purchase of these fortified foods. The present 

intervention included several BCT aiming to increase the motivation of individuals to 

purchase these foods and provided information about lower cost non-branded options 

and where they could be found to target potential barriers related to cost and 

availability.  

 

4.6.2. Comparison to behaviour change interventions for individuals with 

similar medical conditions   

 

4.6.2.1. Identified theoretical domains and content (BCT) 

This study has identified twelve of the fourteen TDF domains to be relevant to dietary 

and physical activity behaviours in individuals with FH. Similar findings have been 

reported in the limited available research in which COM-B and/or TDF behavioural 

analysis has been conducted upon qualitative data gathered from individuals with 

T2DM (637, 638) or at risk of CVD. (639) These findings demonstrate the 

multifactorial nature of dietary and physical activity behaviours and the importance of 

considering a wide range of potential behavioural determinants when developing 

interventions. The present research identified additional domains to be potential 

determinants of behaviour such as beliefs about consequences, which was not found 

for individuals with TD2M. (637) This may reflect the unique context that living with 

FH presents and/or our analysis of QES findings, which represents the experiences of 

a wider range of individuals as opposed to a single qualitative study. (639) The BCT 

subsequently identified to target these theoretical domains in the previous research 

were similar to this intervention. (638, 639) However within the intervention 

developed for T2DM, certain BCT such as demonstration of the behaviour were 
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addressed by intervention content not deemed to be feasible for routine care of 

individuals with FH, such as cooking and exercise classes. (638) Additionally, the 

present intervention has identified several additional unique BCT to be included to 

bring about behaviour change such as identification of self as role model, behavioural 

substitution and verbal persuasion about capabilities. These differences highlight the 

importance of understanding behaviours in the unique context they occur across 

different medical conditions.  

 

Further comparisons of intervention content can be made with findings of systematic 

reviews of interventions targeting the physical activity and dietary behaviours of 

adults with T2DM or at high risk of CVD. These reviews have retrospectively 

identified BCT included in such interventions and reported a wide range of BCT 

across interventions, the majority of which were included in this intervention. (607, 

640-645) The additional BCT used in previous, or suggested for use in future 

interventions, were identified as being relevant but not included in this intervention 

due to not meeting APEASE criteria. This included techniques related to 

incentivisation and restriction intervention functions. These systematic reviews, and 

others, all concluded that previous interventions have not been adequately described 

to allow for reliable analysis of the effectiveness of specific BCT and therefore 

recommendations for use within future trials were to be interpreted with caution. 

(606, 607, 640-645)  Similar conclusions have been reported in systematic reviews of 

the BCT included in interventions targeting lifestyle behaviours in non-clinical 

populations of children and adults. (646-650) These findings highlight the need for 

the design and content of all future interventions to be explicitly reported and 

evaluated to further this field of research.  

 

4.6.2.2. Mode of delivery  

Systematic reviews have concluded there is a lack of empirical evidence to support 

specific modes of delivery or intensities of interventions targeting lifestyle behaviours 

in adults with chronic conditions like FH. (337, 615, 643) However, interventions 

with more frequent contact (337) and delivery by HCPs (640) have been associated 

with increased intervention effectiveness. In light of the lack of available evidence, 

current recommendations advise that these decisions should instead be made in 

consideration of the specific context in which an intervention will be delivered and its 
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content, (247, 615) which was facilitated through the application of the BCW 

approach in this study. An exception is the evidence to support the involvement of 

family members in the delivery of interventions, which is advocated for interventions 

aiming to target lifestyle behaviours associated with CVD risk. (625) Previous family-

based interventions targeting dietary behaviours in children to reduce CVD risk 

factors have achieved positive outcomes, (651-653) as have interventions involving 

the partners of adults with T2DM or at high risk of CVD. (654-656) These positive 

effects are believed to be the result of the shared family environment that individuals 

engage in dietary and physical activity behaviours, positive social influences, role 

modelling and practical aspects such as parents or partners preparing meals and 

creating opportunities to engage in physical activities. (625)  

 

4.6.3. Limitations and future research 

Firstly, although findings from the QES, on which the intervention was based, 

overcame some of the transferability issues of individual qualitative studies, (467) the 

sample represents only individuals from developed countries, most of whom were 

highly educated and white European. Therefore, the BCT included in the intervention 

may not address all the theoretical constructs required to bring about behaviour 

change in individuals from different backgrounds. Secondly, the BCT for each 

identified intervention function were selected using links proposed and suggested for 

use in the original BCW guidance. (588, 612) This was conducted prior to becoming 

aware of the mapping work, which has recently been carried out to further understand 

and define the links between BCT and theoretical constructs. (587, 657, 658) Any 

future research should use the newly available Theory and Techniques tool 

(https://theoryandtechniquetool.humanbehaviourchange.org/) when selecting 

and evaluating the BCT included in an intervention. Thirdly, the BCW overcomes 

some of the limitations of applying a fixed theoretical model of behavioural change 

and provides an accessible method to approach the complex steps involved in 

designing a complex health behaviour change intervention. (612) However, further 

research is required before any conclusions can be drawn about the resulting 

feasibility or effectiveness of interventions developed using this approach. (659) 

Lastly, it is recognised that the inclusion of 26 individual BCT may be challenging to 

implement in practice. In light of the lack of empirical evidence to guide selection of 

certain BCT from those identified to be relevant from the behavioural analysis, and 

https://theoryandtechniquetool.humanbehaviourchange.org/
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the recognised limitations of studies investigating the effectiveness of single BCT, 

(606, 607, 640-645, 660) the decision was made to include all 26. Furthermore, these 

limitations also mean it is not possible to determine the ‘correct’ number of BCT to 

include in an intervention and previous reviews have identified the number of BCT in 

interventions to range from one to twenty. (661, 662) The ability to deliver this 

number of BCT was addressed as part of the intervention evaluation in the feasibility 

testing to be discussed in chapter five.  

 

4.6.4. Implications for thesis 

In line with the MRC guidance for the development and evaluation of complex 

interventions, the current intervention underwent a process evaluation as part of a 

feasibility trial, to be described in chapter five. (239) While it was stated in the 

published paper that this process evaluation would include an assessment of the 

effectiveness of individual BCT, (585) in retrospect this has been identified to be 

unsuitable at the feasibility testing stage. (241) As will be described in chapter five, 

the focus of the process evaluation within the feasibility trial was upon evaluating the 

feasibility and acceptability of implementing the intervention as intended. (241) The 

explicit account of the development process and content of this intervention in 

addition to the comprehensive checklists created for use by the dietitians facilitated 

this evaluation. The essential refinements identified during this feasibility testing 

should be addressed before proceeding to an in-depth evaluation of effectiveness 

within a fully powered RCT. At this stage, the effectiveness of individual BCT in 

relation to changes in outcome measures can be tested. This will involve investigating 

the proposed MoA through which the included BCT are hypothesised to bring about 

behaviour change. (241) 

 

4.6.5. Conclusions 

The application of the Behaviour Change Wheel to the findings of a qualitative 

evidence synthesis has enabled the development of a novel behaviour change 

intervention targeting dietary and physical activity behaviours in children and adults 

with FH. This systematic approach increased the effectiveness of the intervention and 

enabled an in-depth evaluation to be conducted in the feasibility testing phase. It will 

also facilitate a comprehensive evaluation of the intervention effects in a future trial. 

Furthermore, this clear and transparent report of the development of an intervention 
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for individuals with FH can be used to guide intervention development by researchers 

in other healthcare contexts.  
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Chapter 5 

 

A randomised controlled feasibility trial to evaluate the feasibility and 

acceptability of the intervention  
 

5.1. Overview of chapter 

In line with the U.K. Medical Research Council (MRC) guidance for the development 

and evaluation of complex interventions, the factors influencing treatment adherence 

in children and adults with FH were explored (chapter three), which led to the 

development of a theory informed behaviour change intervention (chapter four). This 

chapter will now report on the feasibility study which was conducted to address the 

4th aim of this PhD: Evaluate the feasibility, acceptability and potential effectiveness 

of delivering the developed intervention to children and adults with FH in a 

randomised controlled trial.  

 

5.2. Publications arising from this research  

The protocol for the feasibility trial was published in 2020 in a paper entitled 

Nutrition and physical activity intervention for families with familial 

hypercholesterolaemia: protocol for a pilot randomised controlled feasibility study 

(663) and a copy is displayed in Appendix 1.4. FK was the lead author and a 

statement of contribution has been provided.  

 

5.3. Introduction  

5.3.1.  Types of feasibility studies 

Prior to embarking on a fully powered randomised control trial (RCT), the MRC 

guidance recommends that feasibility testing is first carried out. (239, 664) Debate 

exists around the definition of ‘pilot’ and ‘feasibility’ studies. (665) Using the widely 

recognised conceptual framework proposed by Eldridge and colleagues, the current 

study is a feasibility study. (666) In the current approach, a RTC was conducted using 

the same methodology as a future trial, including randomisation, but on a smaller 

scale. (665, 666) 
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5.3.2. Rationale for carrying out feasibility testing 

Feasibility testing can address the potential uncertainties of a future trial such 

as recruitment, retention, compliance with research methods and the 

implementation and acceptability of the intervention. (667) The results can be used to 

guide decisions on whether the intervention should proceed to a full-scale evaluation 

in a fully powered trial and identify any refinements that may be required ahead of 

this. This can prevent the ‘research waste’ associated with large trials that are 

unsuccessful due to poor recruitment, retention or failure to implement an 

intervention as intended. (668)  

 

5.3.3. Process evaluation  

The MRC guidance recommends conducting process evaluations of complex 

interventions at all stages of development, including feasibility. (239) Process 

evaluations are essential to help understand if an intervention was implemented as 

intended and explore how and why the intervention was effective or not. (241) As 

displayed in Figure 5.1, the MRC model of process evaluation depicts three key 

components of a process evaluation (context, implementation and mechanism of 

impact) and their relationships with each other, the underlying causal assumptions of 

the intervention and the outcomes. (239, 241) In this model, a process evaluation aims 

to understand how context may influence the extent to which the implementation of an 

intervention was implemented as intended and/or elicits the mechanisms of impact 

through which it is hypothesised to be producing the desired effect upon the 

outcomes. (239, 241) 

 

The aim of a process evaluation will vary by the stage at which it is carried out and at 

the feasibility phase, the focus is upon understanding the feasibility and acceptability 

of delivering the intervention as planned. (241) Thus, process evaluations carried out 

within feasibility studies focus upon the implementation component within the MRC 

model of process evaluation (Figure 5.1). It is recommended that basic quantitative 

measures of intervention implementation should be combined with qualitative 

measures to identify enablers and barriers to implementation, which can be used to 

refine the intervention content and delivery if required. (239, 241) Only at the stage of 

a fully powered effectiveness evaluation is it appropriate to examine the validity of 
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changes in outcome measures in relation to the intervention content, delivery and 

causal assumptions or to explore the influence of contextual factors. (241) 

 

 

 

Figure 5.1 Key functions of process evaluation: U.K. Medical Research Council 

(MRC) guidance. Reproduced from Moore and colleagues. (241) 

 

5.3.4. Qualitative research in feasibility studies 

The incorporation of qualitative research into feasibility studies is endorsed in the 

MRC guidance, (239, 241) and is becoming increasingly common. (669) It can 

provide deeper understandings of the quantitative feasibility outcomes collected, 

providing explanations for results including recruitment rates (670) and intervention 

implementation. (671) This enhances the results, allowing for optimisation of the 

content and delivery of the intervention and identification of specific strategies to 

improve the design and conduct of a future RCT. (239, 241, 669, 672, 673)  
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5.3.5. Aims and objectives  

5.3.5.1. Primary aim and objectives  

The primary aim of this feasibility study was to provide evidence for the feasibility 

and acceptability of conducting a future, adequately powered, RCT to evaluate a 

specifically designed nutrition and physical activity intervention in children and their 

affected parent with FH. To address this primary aim, the three primary objectives 

were to describe and assess the feasibility and acceptability of the following: 

1. The recruitment, randomisation and retention of children and their affected 

parents  

2. The implementation of the study protocol across three sites and the collection and 

suitability of outcome measures to assess the clinical and behavioural outcomes 

3. The implementation of the intervention as intended  

These primary objectives were addressed through quantitative (feasibility) and 

qualitative (acceptability) measures.  

 

5.3.5.2. Secondary aim  

It is not appropriate to test the effectiveness hypothesis of a future large-scale trial in 

this feasibility study, as it is not sufficiently powered to do so. (674) However 

changes in a range of clinical and behavioural outcomes before and after the 

intervention period were explored. These results can also be used to estimate the 

sample size required in a future RCT to detect a clinically significant change in low-

density lipoprotein cholesterol (LDL-C), the primary outcome of a future trial.   

 

5.3.5.3. Progress criteria  

The published protocol for this study (663) did not state progression criteria that 

would inform the decision on whether to proceed to a definitive trial, as 

recommended for all feasibility studies. (664, 675) Therefore, ahead of the analysis 

and interpretation of results, progression criteria for this study were developed. A 

review of published pilot and feasibility protocols found that only 20% reported 

progression criteria and when reported there was large heterogeneity in criteria that 

were selected and often no justification for how they were chosen, reflective of a lack 

of availability of any formal guidance on how to develop or select appropriate criteria. 

(676) In light of the lack of guidance or previous feasibility studies carried out in 
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cohorts of individuals with FH, it was decided that it was not appropriate to use 

definitive criteria, such as ‘ >50% of eligible participants recruited’, to assess 

feasibility. Instead a transparent approach was taken, in which clear research 

questions to be explored for each primary outcome were chosen. (664, 675) The 

decision on whether or not to proceed to a definitive trial, and/or any essential 

refinements that may be required to do so, was made on the basis of the evidence 

provided to answer each of these specified questions, displayed in Table 5.1. 



 130 

Table 5.1 Research questions and progress criteria to be addressed to inform decision to proceed to a future trial 

Primary objectives Research questions and progression criteria  Outcome(s) to be assessed  

The of recruitment, 

randomisation and 

retention of children 

and their affected 

parents  

Can 24 children and their affected parent be recruited into the trial? Recruitment rate (%) 

Achievement of recruitment target (%) 

Are individuals with FH willing to be recruited into the trial? If not, what 

are their reasons 

Thematic analysis of qualitative interviews with participants 

Will participants complete the trial?  Retention rate (%) 

Implementation of 

the study protocol 

across three sites 

and the collection 

and suitability of 

outcome measures to 

assess the clinical 

and behavioural 

outcomes 

 

Can the protocol be implemented across the three sites?  Deviations made to protocol (descriptive)  

Attendance at research visits (%) 

Can valid clinical outcome measurements be collected from participants 

during both baseline and endpoint assessments? 

Rates of successful collection of valid clinical outcome measurements 

at both baseline and endpoint assessments (%)  

Reasons for non-collection or invalidity (descriptive) 

Is the design of the trial and the outcome measures acceptable to patients 

with FH? If not, what are the reasons? 

Thematic analysis of qualitative interviews with participants 

Are the selected behavioural outcome measurement tools suitable for 

assessing changes in dietary intakes and physical activity levels? 

Ability of chosen outcome measures to assess the changes in dietary 

and physical activity behaviours of interest (descriptive) 

The implementation 

of the intervention as 

intended  

 

Can the two research dietitians deliver the initial and four follow up 

sessions to each family randomised to receive intervention and will each 

family participate in each session? 

Dose of intervention received- number of participants who received 

initial and follow up sessions (%) 

Can the two research dietitians deliver the initial and four follow up 

sessions as per protocol in terms of content and BCT?   

Fidelity of intervention content received- the number of participants 

who received each component instructed to be included in each 

session (%) 

Fidelity of intervention content received- the number of participants 

who received each BCT instructed to be included in each session (%) 

Are adaptations required to be made to the intended content and/or 

delivery of the intervention? If so, why are the adaptations made and do 

they potentially undermine the proposed mechanisms of effect?  

Frequency of adaptations made and reasons why (descriptive)  

Potential impact of adaptations made upon proposed mechanisms of 

effect (descriptive)  

Is the delivery and content of the intervention acceptable to participants?  

If not, what are the reasons?  

Thematic analysis of qualitative interviews with participants 

Does the information provided to them make sense to them and facilitate 

their attainment of the dietary and physical activity changes? 

Are the changes they are being asked to make feasible and acceptable to 

them? If not, what are the reasons?  
BCT, behaviour change techniques
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5.4. Materials and methods  

This study is reported in accordance with the Consolidated Standards of Reporting Trials 

(CONSORT) extension to randomised pilot and feasibility trials guidance (667) and the 

Consolidated Criteria for Reporting Qualitative Research (COREQ). (492) Completed 

checklists are displayed in Appendix 5.1 and 5.2. 

 

5.4.1. Study set up  

5.4.1.1. Ethics and sponsorship 

The University of Bristol was the sponsor for this study. The study was approved by the 

South West-Cornwall & Plymouth Research Ethics Committee (REC) (Reference: 

18/SW/0121) the Health Research Authority (HRA) and Health and Care Research Wales 

(HCRW) on 08/06/2018. Any subsequent amendments to the protocol were submitted to the 

REC and HCRW for approval, after permission was obtained from the sponsor. The finalised 

protocol is displayed in Appendix 5.3. The study was registered on the International Standard 

Randomised Controlled Trial Number (ISRCTN) registry (ISRCTN24880714).  

5.4.1.2. Patient and public involvement  

Two events took place with patient and public involvement  (PPI) to inform the design of this 

study: 

1. Three children and four adults with FH, under the care of the University Hospitals Bristol 

National Health Service (NHS) Foundation Trust, participated in development work 

underpinning this research. They gave feedback about the initial design of the intervention 

and data collection methods.  

2. Ten children (aged 11-17 years) from the Bristol Young Persons Advisory Group (YPAG) 

also participated in the development work underpinning this research. This group is 

comprised of children who are interested in healthcare and research who meet regularly in 

Bristol to help researchers with their projects. This group reviewed and gave feedback on the 

participant facing documents, data collection methods and details of the intervention. 

 

5.4.1.3. Implementation of study across participating sites  

A research team was established to develop and implement the study. FK was the chief 

investigator and led protocol development, ethics and regulatory approval and the 

implementation of the study across all sites. At each of the three participating NHS Trust 
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sites, a principal investigator (P.I.) was assigned and Capacity and Capability approval 

obtained. At the primary study site, all research team members involved in implementing the 

study received protocol training and a delegation log was created. Site initiation visits were 

carried out for the two additional study sites and FK delivered protocol training. Detailed 

standard operating procedures (SOPs) (Appendix 5.4) were developed to further facilitate 

implementation of the study across the three sites. The study was adopted by the NIHR 

Clinical Research Network (CRN) portfolio and research nurse support was provided at the 

two additional sites.    

 

5.4.2. Study design  

This study was a parallel, two-arm, randomised, controlled feasibility study integrated with 

qualitative interviews, comparing a specifically developed diet and physical activity 

intervention against usual-care waitlist control amongst children and their affected parent 

with FH. The study took place between August 2018 and March 2020 and aimed to recruit 

family units, each comprised of a child-parent dyad. This study was comprised of three 

research contact visits per family unit over a 13-week period. Figure 5.2 displays an overview 

of the study design and brief details of what each research contact involved.  
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Figure 5.2 Overview of the study design and participant research contacts 

 

Recruitment 

•Study invitation letter and age appropriate patient information sheet (PIS) posted to eligible children and their affected parent 

and/or given in person during routine lipid clinic appointments 

•Further eligibility screening carried out with those who expressed interest in taking part 

Does not wish to take part or does not meet eligibility criteria  
 

Invited to take part in qualitative interview component of study only 
 

Research contact 1: Consent & information provision (week -1) 

• Informed consent and/or assent taken 

•  Information gathered about smoking status, medication and other relevant demographic information 

•Participants provided with information & tools to record their dietary intakes and physical activity levels   

Participants record baseline physical activity, sedentary and dietary data (week -1 to 0) 

Research contact 2: Baseline data collection & randomisation (week 0) 

•Following data collected from each participant: blood sample, height, weight, body composition, blood pressure, quality of 

life, self reported medication adherence and physical activity levels  

•Family units informed of which group they have been allocated to 

Allocated to intervention  

Receive face-to-face 1-hour diet and 

physical activity intervention in 

addition to usual care (week 0) 

Follow-up phone call or email sessions with 

dietitian (weeks 2, 4, 8 and 11) 

 

Participants record endpoint physical activity, sedentary and dietary data (weeks 11-12) 

Research contact 3: Endpoint data collection & qualitative interview (week 12) 

•Following data collected from each participant: blood sample, height, weight, body composition, blood pressure, quality of 

life, self reported medication adherence and physical activity levels  

•Qualitative interviews with sub-sample of participants to collect data regarding acceptability of study and intervention  

Allocated to waitlist control  

Receive usual care for 12 weeks and 

offered opportunity to receive 

intervention at research contact 3 
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5.4.3. Study setting 

The study was initially conducted across two NHS Foundation Trust sites in England, United 

Kingdom: University Hospitals Bristol and Royal United Hospitals Bath. St. Georges 

University Hospitals London NHS Foundation Trust site was recruited as an additional site in 

August 2019 as the numbers of eligible participants at the Bristol site was lower than 

expected due to a reduced cascade screening service. The sites are hereby referred to as the 

Bristol, Bath and London sites.  

 

5.4.4. Study population and eligibility criteria  

In this family-based intervention, participants were children aged 10-18 years and their 

affected parent (≥18 years) with a genetically confirmed clinical diagnosis of heterozygous 

FH. To be eligible, these individuals were required to receive their care from the paediatric or 

adult lipid clinics at the three NHS Foundation Trust sites and be established on their current 

treatment regimen ≥ 1 month prior to research contact two. Individuals with a diagnosis of 

homozygous FH, individuals who were unable to give informed consent, or assent for those 

aged 10-15 years, pregnant, or those planning pregnancy, were not eligible for participation.  

 

5.4.4.1. Changes to eligibility criteria  

During the recruitment period, it became apparent that there were several children who 

wished to take part but their affected parent was deceased or did not want, or was not eligible, 

to take part. The protocol was therefore amended to allow for a non-affected parent or main 

carer of the child to be invited to take part instead to enhance recruitment of children while 

also facilitating the family-based aspect of the study. This non-affected parent or main carer 

was not required to have bloods taken but was asked to take part in all other aspects of the 

study. Additionally, in instances where the non-affected parent or main carer also did not 

wish to take part, the child with FH was offered opportunity to participate in the trial on their 

own.  

 

Initially the participants were required to be receiving pharmacological treatment for their FH 

to be eligible for recruitment. However, it became evident that there were several younger 

children (10-13 years) who had not been advised to commence pharmacological treatment by 

their FH care team as medication was not yet required to control their cholesterol levels. This 

is line with U.K. NICE treatment recommendations which states medication should be 

considered by the age of 10 years, but the decision should take into account other factors such 
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as their LDL-C concentration. (58) Therefore the eligibility criteria were amended to allow 

these children to participate.  

 

5.4.5. Recruitment  

5.4.5.1. Identification and invitation to participate  

All children receiving care from paediatric lipid clinic services at participating sites aged 10-

18 years were considered to be eligible and sent a study invitation letter and an age 

appropriate (10-12 years or 13-18 years old) participant information sheet (PIS) (Appendix 

5.5 and 5.6). A PIS was also included for the parent of the identified child. (Appendix 5.7) 

This was carried out by a member of the hospital care team and repeated every three months 

during the recruitment phrase to identify any new eligible children who had been recently 

diagnosed or reached the age of 10 years. Contact details of the research team were provided 

in the PIS and families interested in participation were asked to make contact. The study was 

also described, and PIS provided, to children and their parent(s) attending their routine 

clinical appointments at the paediatric lipid clinics at the three sites. Families expressing 

interest in participation, either in response to letter or when seen at their routine clinical 

appointment, then underwent further eligibility screening to establish the eligibility of both 

the child and their affected parent, and dates were arranged for the research contacts.  

 

The paediatric lipid clinic at the London site had just been established as an independent 

service from the adult clinic. After study invitation letters had been sent, all eligible families 

were contacted by the FH care team ahead of the routine lipid clinic appointments to remind 

them of the new location where their appointment was to be held. Many families used this as 

an opportunity to ask questions about the study and arrange research contact dates.  

 

5.4.5.2. Recruitment time periods 

The Bristol site opened for recruitment in August 2018, the Bath site in April 2019 and the 

London site in October 2019. The recruitment period ended at all sites in December 2019, at 

which point recruitment ceased based on feasibility of study timelines.  

 

5.4.5.3. Changes to recruitment 

Several eligible children were receiving care in adult lipid clinics rather than paediatric 

clinics as young adults often transition to adult services before the age of 18 years. Therefore, 

the protocol was amended to allow for identification of eligible children receiving care in 
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adult clinics, who were then invited to participate via postal study invitation letters and/or 

when attending their routine clinical appointments at the adult lipid clinic. This was not 

feasible to carry out at the St. Georges site given the short recruitment period at this site.  

 

5.4.5.4. Recruitment to integrated qualitative component of study  

A sub-sample of families were selected to be invited to take part in qualitative interviews 

after they completed the study. The families were invited in person at research contact three 

or over the telephone ahead of this. Sample sizes for qualitative research in feasibility trials 

are usually small (5-20 participants) and importance is placed upon the diversity of the 

sample recruited. (669) Therefore, a purposive sampling approach, using a maximum 

variation method, (677, 678) was taken to select participants for this sub-sample according to 

individual characteristics, opinions and experiences relevant to this study such as group 

allocation (control or intervention) and engagement with intervention. Recruitment was 

planned to continue until data saturation was reached, which in this study was considered to 

occur when no new data was arising from the data. (679) However, recruitment to the 

qualitative component of the trial ceased in December 2019 based on feasibility of study 

timelines. Thus, families at the London site were unable be selected as part of the sub-sample 

selected for the qualitative component of the study as they did not complete the study until 

after this date. 

 

As one of the primary study aims was to determine the feasibility of recruiting families with 

FH, it was deemed important to capture the reasons given by families for declining 

participation in the trial. The protocol was amended to invite families, who had refused 

participation in the full trial, to take part in the qualitative interview component of the study 

(Figure 5.2). This amendment was not feasible to implement at the London site due to the 

short recruitment window.  

 

5.4.5.5. Consent and assent   

Written informed consent was required from all participants to participate in this study using 

a purpose designed consent form. For children aged 10-15 years, this was obtained from their 

parent or guardian, with written informed assent also collected from the child. Informed 

consent was obtained when participants attended the hospital for a routine clinic appointment 

or at research contact one, prior to commencing any data collection. A copy of the signed 

assent and/or consent form was filed in the participants’ medical records and another sent to 
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their FH care team. Separate consent and assent forms were created for participants taking 

part in the qualitative component of the study only.   

 

5.4.5.6. Withdrawal   

All individuals approached about the study were advised that their participation in the study 

was voluntary and that they had the right to withdraw at any time, without the need for 

explanation and that their decision would not impact upon the care they received. Participants 

were withdrawn from the study if their hospital FH care team felt that their participation was 

negatively affecting their clinical status. This included any participants who became pregnant 

during the study as they would be required by necessity to stop pharmacological treatment. A 

member of the hospital FH care team was instructed to inform the chief investigator of these 

cases. In all cases, data collected up until the point of withdrawal was included in the 

analyses, unless the participant expressed a wish for their data to be destroyed. Any reasons 

for withdrawal were documented.  

 

5.4.6. Sample Size  

This was an exploratory feasibility study and therefore no power calculation was used to 

determine the target sample size because it was not designed or powered to address the 

effectiveness of the intervention being evaluated. (664, 680, 681) Sample sizes of between 24 

and 50 have been recommended for feasibility studies wishing to provide a standard 

deviation estimation to inform the sample size calculation of a larger RCT. (680, 682, 683) 

The target sample size of 24 family units in this study was based upon this recommendation 

in addition to an estimation of the number of eligible children receiving care at the paediatric 

lipid clinics at the Bristol and Bath sites.   

 

5.4.7. Randomisation and blinding  

Randomisation, stratified by study site, allocated family units to either usual care and waitlist 

(control) or to the diet and physical activity intervention (intervention) on a 1:1 basis. To 

facilitate recruitment and retention, family units allocated to the control arm were placed on a 

waitlist to receive the intervention at the end of the 12-week study period. Randomisation 

was carried out by a database manager using pre-prepared, password protected randomised 

lists, following informed consent to participate. Family units were notified of their assigned 

group at research visit two, after baseline data collection. Due to the nature of the 

intervention, delivery and study design, it was not possible to blind participants, clinical staff 
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or research staff to the randomisation results. Potential intervention contamination bias was 

assessed by asking participants in the control group, upon completion of the study, if they had 

any communication with other participants in the study. 

 

5.4.8. Intervention   

5.4.8.1. Intervention content, delivery and training 

Family units randomised to the intervention group received an individualised, family- based 

diet and physical activity intervention developed specifically for this study, as described in 

full in chapter three. The intervention was delivered to the family unit at research visit two by 

one of two dietitians and lasted approximately one hour. The dietitians had access to four 

days of dietary intake per participant ahead of this session to facilitate goal setting. This 

session was followed-up with four phone calls or email correspondence (according to 

participant preference) at weeks 2, 4, 8 and 11 of the intervention. Age-specific intervention 

booklets (10-13 years and ≥ 14 years) were developed for use in the intervention and to 

enable participants to refer to the intervention information during follow-up sessions 

(Appendix 4.7 and 4.8). The intervention content was changed to facilitate the participation 

of parents without FH through exclusion of the cholesterol and plant sterol and stanol goals 

and an emphasis upon the evidence for the benefits of lifestyle for short and long-term health 

for individuals without FH. The affected children of these individuals received the full 

intervention as intended.  

 

One dietitian (FK) delivered the intervention to family units at the Bristol and Bath sites and 

a second dietitian (FR) delivered it to family units at the London site. As described in chapter 

four, to facilitate intervention fidelity, checklists were created for the initial (Appendix 4.3) 

and follow-up (Appendix 4.4) sessions, which provided comprehensive instructions of the 

information to be communicated and how to achieve this. The initial session was split into 

eight sections, and the follow-up sessions into four. For each participant, the dietitians 

recorded on these checklists which sections had been successfully delivered and provided 

reasons for any sections not delivered. These checklists were also used to capture the duration 

and delivery method of the session, the goals ‘set’ and any barriers and solutions discussed 

with participants. Details about new or revised goals and participant self-reported 

achievement of goals were also recorded in the follow up session checklists. Dietitians also 

completed a behaviour change technique (BCT) checklist for the initial session (Appendix 

4.5) and each follow up session, (Appendix 4.6) recording their use of BCT and participant 
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self-reported use of reflection diaries and plant stanol checklists at home. An email template 

(Appendix 5.8) was used for participants who requested to have follow-up sessions over 

email and responses from participants were recorded in the checklist.  

 

The dietitian for the Bristol and Bath sites developed the intervention and the checklists and 

therefore did not receive any further training. This dietitian provided in-depth, face-to-face 

training to the dietitian at the London site to ensure the intervention was delivered as intended 

across all sites. This included comprehensive education about each BCT and how to 

incorporate them into the delivery of the intervention.  

 

5.4.8.2. Control group  

Family units assigned to the control group were informed that they were on a waitlist to 

receive the intervention at the end of the 12-week study period and received usual care. At 

the three NHS sites involved, usual care was comprised of an annual appointment with a lipid 

clinic doctor and continuation on their pharmacological treatment, if applicable. These family 

units were not contacted during the 12-week intervention period, except before week 12 to 

arrange the endpoint dietary and physical activity recording ahead of research visit three. 

 

At the three sites, children were not offered the opportunity to receive dietetic advice when 

attending paediatric outpatient visits and adults only offered this at their initial appointment. 

Therefore, no participant on the waitlist control received dietetic advice during the 12-week 

intervention period.  

 

5.4.8.3. Pharmacological treatment  

All participants in the intervention and control groups were asked to continue with their 

prescribed pharmacological treatment for the duration of the trial, if applicable. Any self-

reported changes in their prescribed medication were documented at each research visit and 

validated through confirmation from their hospital FH care team and/or medical records. 

 

5.4.9. Study outcomes 

In this section, the outcomes that were selected to address the aims of the study are described, 

including descriptions of the data collection and analysis methods that were utilised. For 

consistency, this has been presented in line with the objectives of the study.  
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All quantitative participant data was collected on anonymised purpose-designed case report 

forms (CRFs) created for each of the three research contact visits. These data were then 

inputted into a study database (Microsoft Access) which was password protected and 

accessible only by the chief and co-investigators.  

 

5.4.9.1. Primary objective 1: The recruitment, randomisation and retention of children 

and their affected parents 

This objective was addressed through collection of recruitment, randomisation and retention 

rates. As the study aimed to recruit children and their affected parent, these outcomes were 

collected in reference to family units. Additionally, the following demographic and clinical 

outcomes were obtained from each participant at research contact one or from their medical 

records: ethnicity (ethnic group options used in English Office for National Statistics 2011 

English Census (684)); smoking status (current, previous or never); current occupation; dose 

and type of pharmacological treatment for FH (if applicable); history of, or current, 

hypertension, diabetes or CVD. These outcomes were used to characterise the participants to 

allow assessment of the similarity of the control and intervention groups.  

 

5.4.9.2. Primary objective 2: The implementation the study protocol across three sites 

and the collection and suitability of outcome measures to assess the clinical and behavioural 

outcomes 

This objective was addressed through collection of the following quantitative outcomes: 

attendance at study visits; occurrence of any adverse events; medication adherence rates; 

rates of valid dietary intake and physical activity data collection; rates of successful 

completion of valid questionnaires; rates of successful collection of clinical measurements 

(blood samples, anthropometric measurements and blood pressure). This objective was also 

addressed through a descriptive assessment of the ability of the chosen outcome measurement 

tools to reliably assess changes in behavioural and clinical outcomes.  

 

The medication adherence rate outcome was collected from self-reported adherence at 

research contacts two and three (fully, partial or no). To validate these self-reports, the 

participants GP records were accessed to view prescriptions picked up during their 

participation in the study. In instances where participants were receiving hospital prescribed 

injection treatment, the hospital prescriptions were checked. This was carried out by a 

member of the FH care team who had access to these records.  
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5.4.9.3. Primary objective 3: The feasibility of implementing the intervention as 

intended  

The dietitians were provided with training and resources to enable delivery of the 

intervention ‘as intended’ which was defined as: 

1. Face to face initial session (≤60 minutes) delivered by dietitian at research contact two 

2. Four follow-up sessions delivered via telephone (≤30 minutes) or email at weeks 2, 4, 

8 and 11 following delivery of the initial session.  

3. Delivery in full of each of the eight sections in initial session (introduction and 

overview; scientific rationale; education about nutrition; education about PA; goal 

setting; barriers and solutions; further support and follow up; wrap up) 

4. Delivery in full of each of the four sections in each follow-up session (introduction 

and overview; review of goals; barriers and solutions; further support and follow up) 

5. Inclusion of all pre-specified BCT in initial and follow-up sessions  

The extent to which the intervention was implemented ‘as intended’ was assessed through 

collection of outcomes related to the following three recognised dimensions of intervention 

implementation: fidelity, dose and adaptations. (241) The ‘dose’ dimension refers to the 

quantity of the intervention delivered, the ‘fidelity’ dimension refers to the quality of the 

intervention delivered and the ‘adaptation’ dimension captures the extent to which the 

intervention was adapted across different contexts. (241) To assess these dimensions, the 

checklists completed by the dietitians for the initial and follow-up sessions were analysed to 

obtain information on several outcomes related to dose, fidelity and adaptations (Table 5.2). 

As the intervention had systematically developed, the potential implications of any 

adaptations made to the intervention delivered in practice were explored in relation to the 

proposed mechanisms of action (MoA) in the discussion section.  
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Table 5.2 Outcomes measured to assess the three dimensions of implementation  

BCT, behaviour change technique 

 

5.4.9.4. Qualitative methods to address the primary objectives 

Qualitative methods were utilised in this study to explore participants’ acceptability of the 

research methods and intervention to help provide meaning and explanation to the results 

obtained from the quantitative feasibility outcomes.  

 

5.4.9.4.1. Data collection 

The qualitative data was collected from a sub-sample of participants through face to face 

semi-structured interviews carried out at research contact three or over the telephone at a later 

date to facilitate participants’ schedules. Parents and children were interviewed separately, 

although children were given the option to have their parent with them. Topic guides were 

developed for parents and children (Appendix 5.9 and 5.10) drawing upon similar research, 

(463, 685) and the specific objectives of this study. The topic guide contained open-ended 

questions and prompts to explore the participants’ opinions and experiences of taking part in 

the study, the content and delivery of the intervention and making changes to their lifestyle 

behaviours. As participants in the control group had only received the initial session of the 

intervention ahead of the qualitative interview, they were not asked questions about their 

experiences of making the lifestyle changes or the follow up sessions. All participants were 

Dimension Outcome Measurement(s) 

Dose Delivery of initial session • Number of participants who received initial session (%) 

 

Delivery of follow-up 

sessions 

 

• Number of participants who received each follow-up session (%) 

 

Duration of each delivered 

session 

 

• Average length of initial and follow-up session (minutes)  

 

Fidelity Method of delivery of initial 

session 
• Number of participants who received session face to face (%) 

 

 

Delivery of initial session ‘as 

intended’ 
• Number of participants who received each of the eight sections (%) 

• Frequency of use of each BCT by dietitians (%) 

 

Delivery of each follow-up 

session ‘as intended’ 
• Number of participants who received each of the four sections at 

each follow-up session (%) 

• Frequency of use of each BCT by dietitians (%) 

 

Adaptations Adaptations made to the 

intended content or delivery 

of each session 

• Section, BCT or mode of delivery adapted (descriptive)  

• Number of participants and sites affected by adaptation (number)  

 

 

Reasons  • Dietitian reported reason for making adaption (descriptive) 
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also asked questions about their experiences of living with FH, but these data will not be 

presented in this chapter as they are not relevant for the aims of objectives of this study and 

will be analysed at a later date.  

 

All interviews were carried out by FK and were audio-recorded using encrypted recording 

devices. The interviews were carried out face-to-face in a room located in the participating 

site where individuals were recruited from, or over the telephone. Face-to-face and telephone 

interviews are considered suitable and comparable modalities for collecting qualitative data. 

(686, 687) The recordings were transcribed verbatim using a University of Bristol approved 

transcription company and stored using NVivo (Nvivo10, QSR International, 2012) data 

management software. FK cross-checked the transcripts against the original recordings to 

ensure integrity. 

 

5.4.9.4.2. Analysis  

Interview transcripts were analysed using the six stages of thematic analysis as described by 

Braun and Clarke. (688) There are several approaches to analysing qualitative data collected 

in feasibility studies and it is recommended that the chosen approach should depend on the 

specific research questions and expertise of the research team. (669) Thematic analysis is an 

accessible form of analysis, suitable for researchers with limited experience of conducting 

qualitative research, as it does not require the in-depth theoretical and methodological 

knowledge of other analysis methods. (689) It is a widely used method that is applicable to a 

range of research questions, including those related to feasibility and acceptability of research 

methodology and interventions. (688, 689) It comprises six clear steps, which facilitate the 

transparent and rigorous approach to analysis advocated in qualitative research. (492, 690)  

 

Thematic analysis involves assigning codes to segments of data before grouping these into 

themes associated with the research objectives of the study. (688) An inductive approach was 

taken at the coding stage, in which the codes emerged from the data rather than from any pre-

conceived ideas from the researchers. (691) The subsequent generation of themes from the 

codes was carried out deductively, whereby codes were organised into themes that were 

driven by the specific research objectives of this study. This analysis aimed to organise the 

data and identify common patterns, in order to answer the research questions, ensuring each 

theme was distinct but clearly related back to the research objectives. (688) A semantic 
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approach was taken, in which the codes and themes were related closely to the data and the 

researchers did not look for any further meaning beyond what the participants had said. (688)  

 

An overview of the six stages of thematic analysis, and how they were applied in this study, 

is displayed in Table 5.3. The analysis was led by FK and supported by AS, an experienced 

qualitative researcher with a background in health psychology. The analysis process was 

conducted twice to explore the research questions regarding acceptability of 1) the research 

methods and 2) the intervention. This was decided during the analysis process to help manage 

interpretation of the data and the large number of codes generated. A descriptive, narrative 

approach was then taken to explore the findings in the context of the study objectives. The 

findings will be presented using anonymised participant quotes to illustrate the identified 

themes.  
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Table 5.3 The six steps of thematic analysis as described by Braun and Clarke, (688) and how 

these were applied within this study 

 
Thematic 

analysis step 
Description of application within this study 

Step 1: 

Familiarising 

yourself with the 

data 

FK collected all the data and became thoroughly immersed in the data by 

listening to each audio recording and reading each transcript, making notes about 

potential codes throughout. AS read four interview transcripts, selected by FK, 

which represented a diverse range of participant experiences and opinions.   

 

Step 2: 

Generating 

initial codes 

 

FK and AS independently assigned codes to each segment of the data deemed to 

be potentially relevant to the research questions from four of the interview 

transcripts. A data driven, inductive approach was taken, with semantic codes 

created which remained very close to the original data. After a discussion of their 

findings, they agreed upon a coding frame, which detailed the code name and a 

brief description of the data to be collected within that code. FK then used this 

coding frame to code the data from all the transcripts to ensure consistency and 

integrity of the subsequent coding, using Nvivo software. In instances in which 

FK felt a new code was required, it was discussed with AS before being added to 

the code book and the previously coded transcripts were checked for any data 

relevant to this code.   

 

Step 3: 

Searching for 

themes 

 

FK met with AS to identify potential themes relevant to the research questions. 

This involved organising the codes into broader themes in which all the coded 

data were combined. A semantic approach was taken when identifying themes, in 

which the researchers did not look at any further meaning beyond what the 

participants explicitly said. Therefore, the themes were a method of organising 

the data, acting to display common patterns within the dataset.  

 

Step 4: 

Reviewing 

themes 

 

The collated data extracts for each potential theme were reviewed by FK to 

ensure the data from the different codes were coherent with each other and 

relevant to the theme. Then the themes as a whole were reviewed in relation to 

the whole dataset to examine if they accurately reflected the data, which was 

done collaboratively by AS and FK.   

 

Step 5: Defining 

and naming 

themes 

FK wrote a detailed account of each theme including how it related to the 

research questions, structured with illustrative data extracts. AS provided input 

throughout this process.  

 

Step 6: 

Producing the 

report: 

 

The significance and implications of the themes are discussed within 

the discussion of Chapter four, ensuring that the narrative goes beyond just a 

description of the data and discusses the implications of the findings in relation to 

the research objectives. 
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5.4.9.4.3. The trustworthiness of qualitative findings  

The trustworthiness of qualitative findings can be assessed using the following widely used 

and accepted criteria: credibility, transferability, dependability and conformability. (692, 693) 

Table 5.4 provides descriptions of these criteria and the steps taken to address each one in 

this study. This was informed by a framework developed to guide researchers on how to 

address the trustworthiness criteria within the six steps of thematic analysis. (689) 

 

Table 5.4 Trustworthiness criteria (692) and how they were addressed in this study (689) 

 

Trustworthiness 

criteria 

Description How the criteria was addressed in this study 

Credibility  The degree of 

confidence placed in 

the fit between the 

original views of 

participants and the 

researchers’ 

interpretation of them  

• Prolonged engagement with data: FK 

conducted all interviews, listened to all 

recordings and read and re-read transcripts 

• Researcher triangulation: AS and FK 

independently coded four transcripts 

before coming to consensus on codebook 

and were both involved in generation and 

review of the themes 

• Use of coding framework 

 

Transferability  The generalisability of 

the findings to other 

contexts or settings 

• Thick descriptions of context: details of 

participant characteristics, study setting 

and procedures provided to enable reader 

to assess whether findings are transferable 

 

Dependability The consistency of the 

findings and the extent 

to which research 

methods are 

documented  

 

• Audit trails: the methods of data 

collection, analysis and reporting were 

transparently reported. Audit trails of code 

and theme generation were kept alongside 

notes of meetings between FK and AS.   

Conformability  The confidence that the 

findings are 

undoubtedly derived 

from the data and not 

from researchers’ own 

opinions 

• Researcher triangulation: AS has no prior 

relationship with the participants and 

independently coded four transcripts. AS 

also reviewed all themes.  

• Reporting process of coding and analysis 

in sufficient detail: the codebooks used are 

provided which include descriptions of 

each code and the codes from which each 

sub-theme was developed.  

• Thick descriptions: the findings are 

supported by illustrative quotes, with 

additional quotes for each theme and sub-

theme also provided.  
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5.4.9.4.4. Researcher reflexivity  

Researcher reflexivity is commonly described as: ‘The process of critical self-evaluation of 

researchers positionality as well as active acknowledgement and explicit recognition that this 

position may affect the research process and outcome.’ (694) The positioning of a researcher 

includes personal characteristics, beliefs, theoretical stances and emotional responses and can 

influence the findings and conclusions of research by influencing 1) the willingness of 

participants to disclose information and 2) the researchers interpretation of the findings. (693, 

694) It is therefore crucial to acknowledge and report reflexivity considerations at all stages 

of the research process to enhance the rigour and trustworthiness of the results. (693, 694) 

The researcher (FK) considered reflexivity issues throughout data collection and analysis and 

took steps toward overcoming identified issues which will be discussed alongside the results 

and considered when drawing conclusions from the findings. Importantly, all qualitative data 

was analysed ahead of quantitative feasibility outcome data to avoid bias in interpretation. 

(695) 

 

5.4.9.5. Secondary aim outcomes  

As part of this study, the feasibility and acceptability of the planned outcome measures to be 

used in a future evaluation of intervention effectiveness were assessed. In this section, details 

of the data collection and analysis of each behavioural and clinical outcome are described.  

 

5.4.9.5.1. Behavioural outcomes 

In a future trial, the behavioural outcomes will aim to assess the effectiveness of the 

intervention in improving individuals’ dietary, physical activity and sedentary behaviours. 

These outcomes were assessed in the week immediately preceding research visits two and 

three (Figure 5.2). Participants received demonstrations and instructions on how to record 

these behaviours at research contact one and were provided with take home information to 

further assist them. Further details of each outcome are provided below.  

 

5.4.9.5.1.1. Dietary intakes 

In line with the specific dietary goals of the intervention described in chapter four and 

displayed in Appendix 4.1, mean daily intakes of fat, saturated fat, monounsaturated fats, 

polyunsaturated fats, cholesterol, fibre, fruit and vegetable portions, and plant sterol or stanol 

fortified foods were chosen as outcome measures.  
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Participants were asked to record their dietary intake on four non-consecutive days (including 

one weekend day) using Intake24, an online 24-hour recall tool. (696) Intake24 is a validated, 

self-completed computerised dietary recall system based on multiple-pass 24-hour recalls 

which has been found to produce mean daily energy and nutrient intakes comparable with 

interviewer-led 24-hour recalls in children and young adults aged 11-24 years, at a 

significantly lower cost. (697) It has also recently been assessed against doubly labelled water 

in adults aged 40-65 years old and found to perform similarly to interviewer-led-24-h recalls 

and estimated weighed food diaries. (698) This method offers several benefits over traditional 

paper-based methods, such as pre-programmed completeness checks, prompts and food 

photographs to improve data capture as well as an automated coding system which ensures 

consistency of coding and removes the risk of data entry errors. (696) Furthermore, newer 

technology-based methods of dietary assessment have been demonstrated to be preferred by 

children and adults compared to traditional methods. (699-702) While there are other 

technology-based methods available, very few have been validated for use in children and 

adults. (703) Intake24 was chosen following evidence-based guidance created to help 

researchers select the most appropriate dietary assessment tool. (704, 705) Participants were 

asked about their consumption of plant sterol or stanol fortified foods at research visits two 

and three, as intake24 did not capture this.   

 

Data were downloaded from intake24 as an Excel file before being cleaned and analysed, 

following an SOP which was created based on Intake24 data processing guidelines 

(Appendix 5.11). After data quality checks, data not meeting the validity criteria (completion 

rate <2 minutes or daily energy intake <2000KJ or >16000KJ) were excluded and only 

participants with two weekdays and 1 weekend day of valid intake were included in the 

analysis. Using pivot tables, daily intakes of macronutrients were calculated. Intakes of fruits 

and vegetables were presented as mean portions consumed per day by dividing the sum 

intake of fruit and vegetables by 80, per participant and per day. Dried fruit, fruit juices and 

pulses were included but a portion was considered to be 30g, 150ml and 80g respectively, 

and fruit juices and pulses were capped at one portion per day. Fruits and vegetables in 

composite dishes were not included as there is not yet a validated method to calculate this 

using the Intake24 database.  
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5.4.9.5.1.2. Physical activity levels 

In line with the specific physical activity goals of the intervention described in chapter four 

and displayed in Appendix 4.1, mean daily minutes spent engaged in moderate and vigorous 

physical activity (MVPA) was chosen as an outcome measure. 

 

Free-living MVPA was measured using an ActiGraph GT3X+ accelerometer monitor 

(ActiGraph, Pensacola, USA). This is a tri-axial monitor that detects the frequency and 

amplitude of acceleration (of the section of the body to which it is attached) in three axes and 

has been used widely in research conducted in children and adults. (706-708) Participants 

were also asked to complete a physical activity logbook (Appendix 5.12), to capture 

waking/sleeping times and any activities which required the monitor to be taken off. 

Participants were given the monitor in person at research contact 1 to record the baseline data 

and received it in the post ahead of the endpoint recording period. In both instances the 

monitors were fully charged and programmed ahead of time.  

 

Raw data from the ActiGraph GT3X+ monitors were downloaded and analysed using the 

manufacturer’s software (ActiLife software v6.13.4; ActiGraph, Pansacola, FL, USA). The 

output from the monitors is the number of activity counts per epoch from which the time 

spent in PA of different intensities can be derived by applying age- and sex- specific cut-

points. (709) There are several approaches to defining non-wear time and a range of cut-

points available to define different intensities of physical activity and researchers are 

recommended to be clear about the approach they have taken as it can have significant 

influence upon the results produced. (706-708, 710-712) Table 5.5 outlines the approaches 

taken in this study, Appendix 5.13 provides an overview of the rationale behind these 

decisions and Appendix 5.14 displays the comprehensive SOP created to ensure consistency 

in the data analysis. A second researcher (AT) analysed the data from 10 participants (five 

adults and five children) to ensure consistency and validity of the decisions made by FK. 

Total daily time spent in MVPA was obtained by totalling the duration of all moderate and 

vigorous physical activity bouts for each day, which was then averaged over the number of 

valid days to determine mean time spent in MVPA per day.  
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Table 5.5 Data processing and analysis decisions for data collected using Actigraph 

accelerometers.  

 

Factor to 

consider 
Description 

Approach taken in this study 

Adults Children 

EPOC length EPOC length is the time period 

over which the ActiGraph counts 

are totaled and can range between 1 

and 60 seconds. (709) 

 

• 60 second 

epochs 

• 15 second 

epochs 

Cut-points 

for 

classification 

of activity 

intensity 

To interpret the counts per epoch, 

thresholds are applied to define 

different intensities of PA known 

as cut-points. There are several sets 

of cut-points available. (709) 

  

• Freedson et al 

(1998) cut-

points. (713) 

• Evenson et al 

(2008) cut-

points. (714) 

Classification 

of non-wear 

time 

Periods of time that participant is 

not wearing Actigraph should be 

detected and deleted from the data 

to avoid misclassifying non-wear 

time as sedentary time. There are a 

variety of available algorithms to 

detect non-wear time, which differ 

in the criteria they use. (709)) 

• An algorithm which detects non-

wear as periods of 60 minutes or 

more of consecutive zeros with no 

allowance for interruptions. (709) 

• Participants are asked to complete 

logbooks to capture non-wear 

occasions and reasons, to cross 

check results from algorithm 

• Self-reported PA during non-wear 

times (e.g. swimming or contact 

sports) will not be included in 

analysis but will be  reported 

alongside results 

 

 
Valid day & 

minimum 

number of 

days criteria  

The number of hours of weartime 

required to define a valid day, and 

the number of these valid days 

required for data to be included in 

the analysis. (709) 

 

• A valid day is defined as ≥ 8 hours 

(480 minutes). (709) 

• Four valid days (including one 

weekend day) are required for 

inclusion in analysis. (709) 

 
Uni- or tri-

axial counts  
The ActiGraph detects activity 

counts across three axes (vertical, 

mediolateral and anteroposterior). 

Researchers can choose to use the 

vector magnitude (VM) score, 

which includes activity counts 

detected across all axes, or use 

activity counts detected across 

vertical axis only. (709) 

• Activity counts detected across 

vertical axis were analysed 

PA, physical activity 
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5.4.9.5.1.3. Sedentary behaviour 

In line with the specific sedentary behaviour goal of the intervention described in chapter four 

and displayed in Appendix 4.1, average daily time spent engaged in sedentary behaviours 

was chosen as an outcome measure. 

 

While the ActiGraph monitor can estimate sedentary time, it is unable to differentiate 

between sitting and standing postures. (715) The resulting tendency of these monitors is to 

misclassify periods of standing with minimal movements, such as washing dishes, as 

sedentary behaviours, which is a recognised limitation to the estimates of sedentary time they 

provide. (715, 716) One recommended way (715) to overcome this limitation is the use of 

inclinometer devices, which can detect changes in posture and have been found to improve 

the accuracy of detecting true sedentary behaviours, defined as sitting and lying only, 

compared to ActiGraph monitors. (716-718) Therefore, sedentary time was measured using 

an activPAL3 accelerometer (PAL Technologies Ltd., Glasgow, UK) worn on the front of the 

thigh. It contains a tri-axial accelerometer which responds to signals related to gravitational 

forces and provides information on thigh inclination. (719) This allows for precise 

differentiation between postures in prolonged free-living activities (720) and represents a 

valid measure of time spent sitting/lying, standing and walking in adults (717, 721) and 

children. (716, 718, 722) The activPAL3 was made waterproof using a nitrile sleeve and a 

waterproof hypoallergenic medical dressing (Hypafix) was used to attach it to the leg, 

enabling participants to wear it continuously for 24 hours/day over 7 days. 

 

Data from the activPAL3 monitor was downloaded using the manufacturer’s software. (PAL 

software v7.2.38; PAL Technologies Ltd., Glasgow, UK) Following recommendations, (723) 

the raw data was then cleaned and processed outside this software. ProcessingPAL is a Java 

application designed to process the raw data, which uses a validated algorithm to isolate 

waking wear time from non-wear, invalid and sleep time. (724) The participant’s physical 

activity logbooks were used to aid identification of the non-wear periods and sleep time, 

which were removed from subsequent analysis. Compliance criteria for a valid day were: 

≥10 h of worn waking hours, <95% of time spent in any one behaviour (sitting, standing, or 

stepping) and ≥500 steps. A minimum of four valid days (including one weekend day) was 

required for inclusion in analysis. Appendix 5.15 provides further details of the data 

processing and Appendix 5.16 displays the comprehensive SOP created to ensure consistency 

in the data analysis. A second researcher (AT) analysed the data from 10 participants (five 
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adults and five children) to ensure consistency and validity of the decisions made by FK. 

Total daily time spent sitting/lying was obtained for each day and averaged over the number 

of valid days across all waking hours.  

 

5.4.9.5.1.4. Self-reported physical activity and sedentary behaviours 

Self-report measures of physical activity have been found to overestimate MVPA in children 

(708) and adults. (438) However, self-report and objective measures have not been compared 

within populations of individuals with FH. Self-report measures are more practical and less 

burdensome for participants and may be a more appropriate outcome measure to use in a 

future larger scale trial. (438) Thus, each participant also completed age appropriate physical 

activity self-report questionnaires at research contacts two and three. For adults, the long 

form version of the International Physical Activity Questionnaire (IPAQ) was used. (725) 

Data were analysed in Excel, (726) to calculate average daily minutes of MVPA and 

sedentary behaviours. The Physical Activity Questionnaire for Children (PAQ-C) and 

Adolescents (PAQ-A) were used with participants aged 10-14 years and 15-18 years old, 

respectively. These questionnaires have been supported as valid measures of general physical 

activity (727, 728) and have been recommended for use in research by a comprehensive 

systematic review and expert panel consensus. (729) Following PAQ-C/A guidelines, (730) 

the data from both questionnaires were analysed together and scored to produce a physical 

activity score between 1-5. It is not possible to use the results to estimate the duration or 

intensity of physical activity.  

 

5.4.9.5.2. Clinical outcomes 

In a future trial, the clinical outcomes will aim to assess the effectiveness of the intervention 

in improving selected CVD risk factors (blood pressure, anthropometric measures, blood 

lipid profiles and other metabolomic markers) and explore any potential impact it has upon 

quality of life. These outcomes will be collected at baseline and endpoint assessments 

conducted at research visits two and three (Figure 5.2). Justification for the choice of each 

outcome is provided below, alongside details of data collection and analysis.  

 

5.4.9.5.2.1. Blood pressure 

Blood pressure was chosen as an outcome measure as it is independently associated with 

CVD risk in adults with FH. (95) There has been no similar research carried out in children 

with FH however blood pressure has been reported to independently influence future CVD 
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risk in young adults without FH. (731) Blood pressure readings were obtained using a 

sphygmomanometer. The mean of two measures (three if 1st and 2nd differed by more than 

10mmHg) was calculated to provide systolic and diastolic measures.  

 

5.4.9.5.2.2. Anthropometric measurements 

Body mass index (BMI) was chosen as an outcome measure as it is independently associated 

with CVD risk in adults with FH (95) and children without FH. (731) Body composition (fat 

free mass and body fat percentage) was chosen as an outcome as it has been found to 

influence the serum blood lipid levels of adults and children without FH (732, 733) and 

children with FH. (395) These measures enable characterisation of the participants and allow 

for interpretation of any changes in serum lipid levels observed before and after the 

intervention period. Furthermore, changes in these measures have been found to moderate the 

influence of physical activity interventions upon blood lipid measures in adults and children 

without FH, (338, 339, 362) highlighting the need for future research to control for such 

measures.  

Height was measured using a stadiometer and weight using medical scales. These outcomes 

were used to calculate the BMI for adult participants. The LMS method was used to express 

the BMIs of child participants as BMI Z-scores and percentiles. (734) This was carried out 

using the lmsGrowth excel add-in (735) and the British 1990 reference population was 

selected. (736) The BMI-z scores are used to evaluate the impact of the intervention upon the 

BMI of children and the BMI percentiles to characterise the weight status of the control and 

intervention groups. The 91st and 98th BMI percentiles were applied to define overweight and 

obesity as recommended for clinical interventions. (737) Fat free mass and body fat 

percentage was measured using a body composition analyser, (Tanita™ MC-780MA) which 

utilises bioelectrical impedance technology. (738)  

5.4.9.5.2.3. Blood lipid profiles and metabolomics markers  

The primary aim in the treatment of FH is a reduction in LDL-C concentrations (85) and this 

will be the primary outcome for a future trial. However, it is recognised that focussing on a 

single lipid marker does not adequately reflect an individual’s overall risk of CVD or the 

clinical effect of any pharmacological or lifestyle treatment. (739, 740) Several other lipid 

markers have been proposed to have a role in the prediction and development of CVD risk 

(209, 740) and/or are sensitive to change via dietary intakes and physical activity. (343, 739) 
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Metabolomics involves the study and analysis of metabolites and can offer a more in-depth 

characterisation of lipid markers and other metabolites than provided by standard clinical 

laboratory methods. (741) Utilising metabolomics could offer an insight into novel 

mechanisms associated with CVD risk in individuals with FH and identify potential 

mediators of effect through which dietary and physical activity behaviours may act. (741, 

742) Recent research has identified that improving adherence to lifestyle treatment may be 

associated with positive changes to the metabolomic profile of children with FH. (127) 

 

A maximum of 25ml whole blood was collected from each participant, which is within the 

safe limits advised by the World Health Organisation (WHO) for use in child health research. 

(743) Participants fasted for a minimum of 6 hours and avoided strenuous physical activity 

for 12 hours prior to sample collection. Blood samples were collected, stored and analysed in 

accordance with the Human Tissue Act 2004. Samples were sent to the laboratory of the 

hospital in which they were collected and were processed according to the laboratory 

Standard Operating Procedures and under the supervision of the laboratory team.  

 

Once centrifuged, a proportion of the sample was analysed immediately to measure total 

cholesterol, high-density lipoprotein cholesterol (HDL-C) and triglycerides. Using the 

Friedwald Equation, (31) the LDL-C  was calculated. The remainder of the sample was stored 

at -80°C as plasma in the hospital laboratory prior to transport, contained in dry ice, to the 

University of Bristol MRC Integrative Epidemiology Unit (IEU) Metabolomics Facility. A 

batch metabolomics analysis of these samples was carried at the end of the data collection 

period to determine 201 metabolomics measures displayed in Appendix 5.17. Due to study 

timelines and COVID-19 research laboratory closures only the full lipid profile (HDL-C, 

LDL-C and total cholesterol) will be presented in this thesis. 

 

5.4.9.5.2.4. Quality of life  

The need for further research to explore the potential detrimental impacts that individuals 

with FH may experience as a result of making changes to their diet and physical activity 

levels was highlighted in a Cochrane systematic review (250) and therefore the health related 

quality of life (HRQoL) of all participants was measured. 

 

Child participants were asked to complete an age appropriate Pediatric Quality of Life 

Inventory ™ (PedsQL™) Version 4.0. The PedsQL 4.0 Generic Core Scales have been 
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validated for measuring the health-related quality of life (HRQoL) of children aged 2 to 18 

years with chronic health conditions. (744, 745) This multidimensional self-report scale 

consists of 23 items, covering four domains of HRQoL: physical, emotional, social and 

school. The completed inventories were scored using the recommended scoring system (744) 

to produce a score for HRQoL and a breakdown of the component physical and psychosocial 

(emotional, social and school) functioning scores.  

 

Adult participants were asked to complete an EuroQol Group EQ-5D-3L health questionnaire 

which is widely used in research, (746) and is recommended for studies of cardiovascular 

disease. (747) Participants rated their degree of impairment in five health domains (mobility, 

self-care, usual activities, pain/discomfort and anxiety/depression) using one of three 

responses (no problems, some problems or extreme problems) and rated their perceived 

health by drawing a line to a point on a visual analogue scale (VAS) between the endpoints of 

‘best imaginable health state’ and ‘worst imaginable health state’. The recommended scoring 

system was used (748) to produce a five-digit health state profile representative of five 

dimensions of health which was converted into a single index value using a validated value 

set created for use in the United Kingdom. (749) The VAS data was presented as a single 

value between 1 and 100, which is referred to as the ‘EQ-VAS’ score.  

 

5.4.10. Statistical analysis  

All primary outcomes were descriptively analysed. For the secondary outcomes, the analyses 

were carried out using Stata 16 statistical software. Results were presented separately for 

child and adult participants and only for those with FH. For parametric outcomes, the 

intervention and control groups were summarised by means and standard deviations (S.D.) 

for baseline and endpoint assessments. Comparisons were made between the endpoint 

assessment means in the intervention and control groups with and without adjustment for the 

baseline values using regression analysis. (750) The mean difference was reported using 95% 

confidence intervals (C.I.).  

 

For non-parametric outcomes, the intervention and control groups were summarised by 

medians and inter-quartile ranges (IQR) or ranges for baseline assessments, endpoint 

assessments and the within group changes over the intervention period. Physical activity 

outcomes are often non-parametric and many researchers choose to use log-transformation on 

the data in an attempt to decrease the variability. This was not carried out on the data 
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collected in this study due to the small sample sizes and the acknowledgment that this 

approach often does not achieve normal distribution and can introduce further problems that 

are more difficult to deal with when performing statistical analysis. (751) 

 

5.5. Results  

The results have been presented in accordance with the primary and secondary objectives and 

outcome measurements. Recruitment commenced August 2018 and ceased December 2019 

due to thesis timelines. Data collection ended in March 2020.  

 

5.5.1. Primary objective 1: The recruitment, randomisation and retention of children and 

their affected parents  

 

5.5.1.1. Recruitment  

The trial recruited 21 families, reaching 88% of the recruitment target. As displayed in Figure 

5.3, 56 families were eligible for participation giving an overall recruitment rate of 38%. Of 

those families that participated, 16 consisted of a child with FH and their affected parent, one 

comprised two children with FH and their affected parent, three were comprised of child with 

FH and their unaffected parent/guardian and one consisted of a child on their own. Most 

families (n=12) were recruited from the Bristol site, reflective of the larger number of eligible 

families, longer recruitment period and more frequently held paediatric clinics (Table 5.6). 

However, despite differences in these factors the recruitment rate was 38%  at both the 

Bristol and Bath sites. While the London site had a lower recruitment rate (31%), 80% of the 

recruitment target of five families was reached in the short 3-month recruitment period (Table 

5.6).  

 

Thirty-five families did not participate in the trial with the most common reason being non-

response (n=16) (Figure 5.3). These families did not reply to the study invitation letter and 

either the child(ren) did not attend their routine clinical appointment (n=12) or did not have a 

scheduled appointment within the recruitment period (n=4). A further 15 families declined 

for the following reasons: not having enough time to participate (n=9), parent concerned not 

right time for child as just started new school or had exams (n=4) or felt they already had a 

healthy lifestyle (n=2). The remaining four families expressed interest in participation but it 

was not possible to arrange research visits before the end of the recruitment period. For three 

participating families there were three further children that were eligible but declined 
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participation along with their sibling for the following reasons: needle phobic (n=1); not 

interested (n=1); lived away at university (n=1). Three affected parents declined to take part 

with their child as they did not have the time due to work commitments (n=3). One further 

affected parent had died.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.3 Consolidated Standards of Reporting Trials (CONSORT) diagram of recruitment 

of families across the three sites (752)  

 

 

Assessed for 

eligibility (n=56) 

Excluded (n=35) 

 No response (n=16) 

  Declined (n=15) 

 Could not arrange 

dates (n=4) 

 

Data collected for secondary objectives (n=10) 

Qualitative interview data collected (n=6) 

Lost to follow-up (n= 0) 

 

Allocated and received intervention (n=10) 

 Parent-child dyad with FH (n=8) 

 FH child and unaffected parent dyad (n=2) 

 

Lost to follow-up (n=1)  

 FH child without parent, could not attend 

endpoint visit as moved away to university  
 
 

Allocated to control (n=11) 

 Parent-child dyad with FH (n=8) 
 Parent and two children with FH (n=1) 

 FH child and unaffected parent dyad (n=1) 

 FH child without parent (n=1)  

 

Data collected for secondary objectives (n=10)  

Qualitative interview data collected (n=4) 

Allocation 

Assessment 

Follow-Up 

Randomized (n=21) 

Enrollment 

Invited for qualitative 

interview (n=23) 

 

Qualitative 

interview (n=1) 

Excluded (n=22) 

 No response 

(n=22) 

 

Screened for 

eligibility (n=66) 
Screening  

Excluded (n=10) 

 Child <10 years old (n=10) 
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Table 5.6 Recruitment rates, number of eligible families and length of recruitment period 

across all and individual sites 

 

*Recruitment period is the time between the date when first letters were sent and the end of the study recruitment period 

(December 2019) 

 

5.5.1.1.1. Recruitment methods 

At the Bristol and Bath sites, four families were recruited through responding directly to the 

study invitation letter and 13 after discussing the study during, or over phone calls after, 

attendance at routine paediatric (n=11) or adult (n=2) clinical appointments. Eleven of these 

13 families had received the study invitation letter before attending clinic but had forgotten to 

respond or wanted to discuss in person. The remaining two families did not receive the 

original study invitation letter as their child was diagnosed during the recruitment period.  

 

5.5.1.1.2. Recruitment to qualitative component of the study  

All families who did not respond to, or declined, to participate in the trial from the Bristol 

and Bath sites were invited to take part in the qualitative interview component of the study 

only (n=23). Only one family agreed to participate and the other 22 families did not respond 

to the invitation letter. Participants from ten families who participated in the study were 

selected to take part in a qualitative interview at research contact three, all of whom accepted, 

giving a final qualitative sample size of 21 participants from 11 families (Figure 5.3).  

 

5.5.1.2. Randomisation 

All families who were recruited were successfully randomised, giving a randomisation rate of 

100%. Ten families were randomised to the intervention arm and 11 to the control arm. The 

baseline characteristics of the adults and children in each group are displayed in Table 5.7. 

The adult participants without FH (n=3) were not included in this analysis.  

 

Most of the sample was white European with a small proportion identifying as Asian. All 

child participants were in full time education and most adults were in managerial or 

professional jobs.  The age of child participants ranged from 10 to 18 years and for adults 32 

 All sites Bristol Bath London 

Eligible families (n) 56 31 13 12 

Families recruited (n)  21 12 5 4 

Recruitment rate  38% 39% 39% 31% 

Length of recruitment period*  17 months 17 months 9 months 3 months 

Mean families recruited a month (n) 1.2 0.7 0.6 1.3 

Paediatric clinics held (n) 9 6 2 1 



 159 

to 59 years. Most children were prescribed statin medication, with the remaining 17% of the 

control and 30% of intervention group participants on lifestyle treatment only. The most 

common treatment prescription in adults in either group was a dual prescription of statin and 

ezetimibe medication followed by statins only. One adult participant in the intervention group 

was on lifestyle only treatment and an adult in the control group was prescribed PCSK9 

inhibitor injections. Nearly half of the adult participants in both groups were overweight and 

no participants were classed as obese. The prevalence of overweight child participants was 

similar across the control and intervention groups at 17% and 20% respectively, and one 

participant in both groups was classed as obese. No participants had a history of overt 

cardiovascular disease and the presence of other risk factors (hypertension, current or 

previous smoker) was low but more often reported for adults in the control group. 

  

Table 5.7 Baseline characteristics of the study participants  

Characteristic 

Adults (n) Children (n) 

Control 

 (9) 

Intervention  

(8) 

Control 

 (12) 

Intervention  

(10) 

Gender- n female (%) 4 (44%)  4 (50%) 6 (50%) 5 (50%) 

 

Age (years)- mean (SD) 

 

51 (5)  

 

42 (6)  

 

15 (3) 

 

13 (2) 

 

Ethnicity- n (%)     

White European  8 (89%) 7 (88%) 9 (75%) 9 (90%) 

Asian 

 

1 (11%) 1 (12%) 3 (25%) 1 (10%) 

Managerial or professional job- n (%) 

 

7 (78%) 8 (100%) - - 

Treatment- n (%)     

Lifestyle only  0 1 (13%) 2 (17%) 3 (30%) 

Statin medication  2 (22%) 2 (25%) 10 (80%) 7 (70%) 

Statin and Ezetimibe medication  6 (67%) 5 (63%) 0 0 

PCSK9 inhibitor injections 1 (11%) 0 0 0 

FH pathogenic variant location- n (%)     

LDLR 7 (78%) 5 (63%) 10 (83%) 7 (70%) 

APOB 2 (12%) 2 (25%) 2 (17%) 2 (20%) 

PCSK9 0 1 (12%) 0 1 (10%) 

Risk factors – n (%)     

Current smoker  0 1 (13%) 0 0 

Previous smoker  4 (44%)  1 (13%) 0 0 

Hypertension 2 (22%) 1 (13%) 0 0 

Overweight weight status† 4 (44%)  4 (50%) 2 (17%) 2 (20%) 

Obese weight status ‡ 0 0 1 (8%) 1 (10%) 
n = number; SD = standard deviation LDLR= low density lipoprotein receptor; APOB =Apolipoprotein B; PCSK9 =Proprotein convertase 
subtilisin/kexin type 9 

*Hypertension as diagnosed in medical records and currently taking hypertensive medication 

† Overweight in adults defined as BMI ≥ 25-29.9kg/m2 and BMI centile ≥ 91st percentile for children  
‡ Obese defined as BMI ≥ 30kg/m2 for adults and BMI centile ≥ 98th percentile for children 
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5.5.1.3. Retention 

The retention of families within the trial was high at 97%, with only one child participant, 

randomised to the control group, withdrawing from the trial and not providing endpoint data. 

The reason given for withdrawal was due to their inability to attend research contact three as 

they had moved cities to attend university. This participant did not differ markedly from the 

other participants in terms of any of the baseline data collected. However, they were the only 

participant who took part in the trial without a parent or guardian.  

 

5.5.2. Primary objective 2: The implementation of the study protocol across three sites and 

the collection and suitability of outcome measures to assess the clinical and behavioural 

outcomes 

In this section, the feasibility of protocol implementation and the rates of successful 

collection of valid outcome data for the secondary outcomes are presented. The number of 

baseline and endpoint outcome measures that were successfully collected and were valid for 

inclusion in analysis are displayed in Table 5.8 and discussed per outcome measurement type. 

Rates of successful valid outcome measures collected from the three participants without FH 

are not included as this data was not included in the data analysis. However valid outcomes, 

apart from blood samples, were successfully collected from all three.  

 

5.5.2.1. Medication adherence  

All participants prescribed medication for their FH reported being fully adherent during their 

participation in the study. GP records indicated that all participants at the Bristol site had 

collected their prescriptions during the study period. GP records were not checked at the Bath 

and London sites due to members of the FH care team stating they did not have the time 

resources to carry out this task.  

 

5.5.2.2. Attendance at research contacts  

All families who completed the study attended all three study visits, although one child was 

unable to attend research contact three due to being unwell and their parent attended on their 

own. Physical activity, sedentary and dietary intake data were collected from this participant, 

but the outcome measurements collected during research contact three were not. 
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5.5.2.3. Feasibility of collecting valid physical activity data 

Physical activity data meeting the validity criteria was collected from over 80% of children 

and 90% of adults at each timepoint. However, paired data (both baseline and endpoint data) 

was successfully collected from slightly less (76%) of children. Missing data was accounted 

for by Actigraph accelerometer malfunction (n=1), postal error by research team (n=2) and 

non-wear in children (n=3). Reported reasons for non-wear, were forgetting to wear the 

monitor on several days (n=1) and removal of device as it was too visible (n=2). Only four 

days of valid data were required but the average number of days meeting the minimum 

weartime criteria and included in the analysis was 6.7 at both timepoints for adults and 6.7 at 

baseline and 6.1 at endpoint for children.  

 

5.5.2.4. Feasibility of collecting valid sedentary behaviour data 

Sedentary behaviour data meeting the validity criteria was collected from 82% of adult 

participants at both timepoints, however valid paired data was only collected from 65% of the 

sample (Table 5.8). Similarly, valid paired baseline and endpoint data was collected from just 

57% of children. Non-participant related causes were responsible for over 60% of missing 

data with activPAL monitor malfunction (n=9), postal error by research team (n=2) and data 

management errors (n=1) leading to invalid data despite participant compliance with wearing 

the activPAL. The malfunctioning was related to poor battery life, despite being tested and 

fully charged ahead of recording periods. The remaining missing activPAL data was due to 

an insufficient number of valid days meeting weartime criteria due to removal of device by 

children. Reported reasons were skin irritation (n=3) and forgetting to put monitor on (n=1).  

 

Only four days of valid data were required but the average number of days meeting the 

minimum weartime criteria and included in the analysis was 6.3 at both timepoints for adults 

and 6.6 at baseline and 6.9 at endpoint for children.  

 

5.5.2.5. Feasibility of collecting and utilising log-book data 

Valid PA logbooks were collected from all participants except for one parent-child dyad who 

reported forgetting to complete the logs at both timepoints (Table 5.8). Removal of 

accelerometers to participate in physical activity was only reported by two children, each 

reporting to remove the device for one hour. This data was recorded as non-wear time and did 

not impact the number of valid days included in analysis for these participants.  
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5.5.2.6. Feasibility of collecting valid dietary intake data 

All adults provided at least three days of dietary intake that met validity criteria data at both 

timepoints. However endpoint data collected from one participant in the control group was 

excluded as they were identified as an extreme outlier. Data collected from this participant 

was not excluded in the analysis of other outcomes. Valid paired baseline and endpoint data 

was collected from 81% of children (Table 5.8). Missing data were accounted for by an 

insufficient number of valid days of recording due to non-completion (n=2) or quick 

completion times (n=4).  

 

While only three valid days were required to be included in the analysis, amongst the adults, 

77% and 75% provided four days of valid data at baseline and endpoint assessments, 

respectively. Amongst the children included in the analysis, 100% and 86% provided four 

days of valid data at baseline and endpoint assessments, respectively. 

 

5.5.2.7. Feasibility of collecting valid HRQoL questionnaire data 

All participants, except one child who could not attend research contact three, completed 

HRQoL questionnaires (Table 5.8). However, a ceiling effect occurred in the data collected 

from adults, with all participants choosing the maximum values meaning it was not possible 

to analyse the index scores produced. However, the EQ-VAS score showed more variability 

and was analysed.  

 

5.5.2.8. Feasibility of collecting valid PA questionnaire data 

All participants except the child who did not attend research contact three completed the PA 

questionnaires. One questionnaire completed by a child at baseline was invalid as it was 

incomplete. Three of the adult questionnaires completed at baseline, and a further six at the 

endpoint assessment, were excluded due to being invalid (total minutes of PA per week >960 

minutes). This occurred in both control and intervention arms.  

 

5.5.2.9. Feasibility of collecting valid BMI, body composition and blood pressure data 

Weight, height and blood pressure measurements were successfully collected at both 

timepoints for all participants except one child who was ill and could not attend research 

contact three (Table 5.8). Due to the unavailability of a body composition analyser at the 

London and Bath sites, body fat percentage and fat free mass outcomes at both timepoints 

were only collected for participants at the Bristol site (Table 5.8).   
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5.5.2.10. Feasibility of collecting valid blood samples  

Baseline and endpoint blood samples were successfully collected from 88% of adults (Table 

5.8) and reasons for non-collection were phlebotomy nurse unavailability (n=1) and 

unsuccessful attempt to draw blood (n=1). Successful collection from children was slightly 

lower at 82% at baseline and 76% at endpoint, which resulted in paired baseline and endpoint 

data for 76% of the sample (Table 5.8). However, only two children did not consent to having 

blood samples taken and other missing data was accounted for by phlebotomy nurse 

unavailability (n=2), unsuccessful attempt to draw blood (n=1), child feeling unwell (n=1) 

and child not attending research contact three (n=1).  

 

Table 5.8 Rates of valid outcome measurements at baseline and endpoint assessments for 

children and adults 

 

 Children Adults* 

Outcome 

measure  

Collection of 

valid baseline 

data 

Collection of 

valid endpoint 

data† 

Collection of 

valid paired 

baseline and 

endpoint data† 

Collection of 

valid 

baseline data 

Collection of 

valid endpoint 

data 

Collection of 

valid paired 

baseline and 

endpoint data 

n % n % n % n % n % n % 

Physical 

activity  

 

20 91 18 86 16 76 16 94 16 94 15 88 

Sedentary 

time  

 

19 86 14 67 12 57 14 82 14 82 11 65 

Dietary 

intakes  

 

19 86 18 86 17 81 17 100 16 94 16 94 

Self-reported 

PA  

 

21 96 20 95 19 90 14 82 10 59 10 59 

HRQoL  

 

22 100 20 95 20 95 17 100 17 100 17 100 

Body 

composition‡  

 

12 55 10 48 10 48‡ 8 47 8 47 8 47‡ 

Body mass 

index 

22 100 20 95 20 95 17 100 17 100 17 100 

Blood 

pressure 

 

22 100 20 95 20 95 17 100 17 100 17 100 

Blood 

sample 

18 81 16 76 16 76 16 94 16 94 15 88 

*Only adults with FH are included 
†Participant that withdrew from study is not included 

‡ Equipment to collect these outcome measures only available at the Bristol site (12 children and 8 adults) 
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5.5.3. Primary objective 3: Implementation of the intervention as intended   

In total ten families, all child-parent dyads were randomised to receive the intervention. One 

dietitian delivered the intervention to families recruited from the Bath (n=2) and Bristol (n=6) 

sites and a second dietitian delivered the intervention to the families recruited at the London 

site (n=2). Each family received the initial session as research contact two and then were 

offered four follow-up sessions over telephone or email at weeks two, four, eight and 11 of 

the 12-week intervention.  

 

Two of the adults receiving the intervention at the Bristol site did not have FH but 

participated to facilitate their child’s involvement with the intervention. In the results relating 

to intervention implementation they have been included, as they were involved in the delivery 

of the intervention to the child and were encouraged to take part. As the participants were 

offered the opportunity to receive the follow up sessions as a family or individually, the 

results have been presented as per participant (n=20). The discrepancy between 

implementation of the ‘intervention as intended’ and the actual implementation will be 

described in relation to the dimensions of dose, fidelity and adaptations.   

 

5.5.3.1. Intervention dose  

Table 5.9 displays the proportion of participants who received the initial and follow-up 

sessions and the average duration. All participants received the initial session face-to-face 

and the average duration was 66 minutes, which was 10% higher than the intended 60 

minutes. Follow-up sessions one, two and three were delivered to all participants. However, 

the fourth session was only delivered to 60% of participants, which was reported to be the 

result of participants stating they did not require the fourth session. The average duration of 

the second follow-up exceeded the maximum intended 30 minutes, but only by 1.8 minutes. 

All other sessions were below 30 minutes, with the average length of the fourth session 

falling to 16 minutes. Participants at the London site requested a mix of email and telephone 

follow-ups and participants at other sites requested to have all sessions over the telephone.  
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Table 5.9 Dose and fidelity of intervention content delivered to participants at initial and follow up sessions  
 

 

   * Average duration relates only to the sessions delivered over telephone 

   † Content section only included in initial session. PA, physical activity;  

 

 

 

  Frequency of inclusion of each content section in the delivered initial and follow up sessions (%) 

Session 
Delivered 

(%) 

Average 

duration 

(minutes)* 

 

Introduction 

and overview 

Scientific 

rationale† 

 

Education 

about 

nutrition† 

Education 

about PA† 

Goal setting 

/review of 

goals 

Barriers and 

solutions 

Further 

support and 

follow up 

Wrap up† 

Initial  100%  66.3   100% 100% 100% 100% 100% 80%  100%  100% 

Follow-up 1 100%  28.8 100% - - - 100% 100% 100% - 

Follow-up 2 100%  31.8 100% - - - 100% 100% 100% - 

Follow-up 3 100%  24.2 100% - - - 100% 100% 100% - 

Follow-up 4 60%  16 100% - - - 100% 100% 100% - 
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5.5.3.2. Intervention fidelity 

Table 5.9 displays the proportion of participants who received each of the eight sections of 

the initial session and the four sections of each follow-up session. Seven out of the eight 

content sections in the initial session were delivered in full. The ‘barriers and solutions’ 

section was not delivered to 20% of participants, due to the dietitian running out of time in 

the session. All four content sections of each follow-up session carried out were delivered in 

full.  

 

The BCT intended to have been delivered in the initial and follow up sessions are indicated 

with a tick in Table 5.10 alongside the percentage of participants who received each one in 

practice. Further details of how each BCT was to be delivered in the intervention are 

displayed in Table 4.4 in Chapter 4 and in Appendix 4.5 and 4.6. The definitions for each 

BCT are provided in Appendix 4.2. Overall, the fidelity was high with the majority of BCT 

delivered as intended across all sessions and sites. The BCT biofeedback and feedback on 

outcomes of behaviour were not delivered to participants in the initial session at the London 

site as the dietitian did not have access to the dietary intake or anthropometric data ahead of 

the initial session. Only two other BCT intended to be delivered in the initial session 

(demonstration of the behaviour and graded tasks) and two intended to be delivered in the 

follow-up sessions (problem solving and self-monitoring of behaviour-prompt to) were not 

delivered to all participants. In all instances, this was reported by the dietitians to be due to it 

not being applicable to the individual participant (Table 5.11). The delivery of the self-

monitoring of behaviour (prompt to) BCT at follow up sessions three and four was 

particularly low. The dietitian reported it was not appropriate to prompt participants who had 

previously stated they were not, or did not want to, use the self-reflection resources. The 

participants stated they did not have time or did not feel it was necessary to help them 

achieve their goals.  

 

In response to the needs of each individual participant, the dietitians reported the occasional 

use of additional BCT during the follow-up sessions, as displayed in Table 5.10. The 

dietitians reported using these BCT to help participants overcome barriers they were facing in 

achieving their goals. For instance, instruction on how to perform the behaviour was 

delivered to 20% of participants during follow-up one who had requested recipes or cooking 

advice.  
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Table 5.10 The BCT intended to be included in the initial and follow-up sessions (✔), the 

additional BCT delivered (+) and the percentage of participants who received each BCT in 

each session (%) 

Behaviour change technique (BCT)* † 
Initial session 

(n=20) 

Follow-up 1 

(n=20) 

Follow-up 2 

(n=20) 

Follow-up 3 

(n=20) 

Follow-up 4 

(n=12 ) 

Action planning ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) 

Behaviour substitution ✔ (100%) + (20%) + (10%) + (5%)  

Behavioural practice/rehearsal  ✔ (100%)     

Biofeedback  ✔ (80%)     

Comparative imaging of future outcomes ✔ (100%)     

Credible sources ✔ (100%)     

Demonstration of the behaviour ✔ (0%) + (5%)    

Feedback on outcomes of behaviour ✔ (90%)     

Framing/re-framing  ✔ (100%) + (25%) + (25%) + (5%)  

Goal setting (behavioural)  ✔ (100%)     

Graded tasks ✔ (30%)     

Identification of self as a role model ✔ (100%)     

Information about antecedents  ✔ (100%)     

Information about emotional 

consequences   
✔ (100%)     

Information about health consequences  ✔ (100%)     

Instruction on how to perform behaviour ✔ (100%) + (20%) + (10%) + (11%)  

Problem solving ✔ (100%) ✔ (100%) ✔ (100%) ✔ (84%) ✔ (100%) 

Prompts and cues ✔ (100%)  + (5%) + (5%)  

Restructuring the physical environment ✔ (100%) + (10%)    

Restructuring the social environment  ✔ (100%)     

Social support (emotional) ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) 

Social support (practical) ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) 

Verbal persuasion about capabilities  ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) 

Focus on past success  
 ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) 

Review behavioural goal(s) 
 ✔ (100%) ✔ (100%) ✔ (100%) ✔ (100%) 

Self-monitoring of behaviour (prompt to) ✔ (100%) ✔ (100%) ✔ (100%) ✔ (68%) ✔ (50%) 

*Details of how each BCT was delivered in the intervention are available in the BCT checklists in Appendix 4.5 and 4.6.  

† The BCT were selected using a BCT taxonomy (BCTTv1) , details of which are provided in chapter 4. Definitions of each BCT are 

displayed in appendix 4.2  

 

5.5.3.3. Intervention adaptations  

Table 5.11 displays the frequency and rationale for any adaptations made to the ‘intervention 

as intended’ reported by the dietitians. As described within the intervention dose and fidelity 

results, most adaptations to the intervention were made by the dietitians in response to the 
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needs and preferences of the individual participants. Only three adaptations were related to a 

lack of resources (London site) and time (Bristol site). Both dietitians reported similar 

adaptations, however the non-delivery of follow-up session four and the BCT monitoring of 

self-behaviour (prompt to) were unique to the dietitian at the Bristol and Bath sites.  

 

Table 5.11 Occurrence and rationale for adaptations made to the ‘intervention as intended’  

 

Adaptation 

Participants 

affected  

% (n) 

Reported reason(s) 

Site(s) 

occurred 

Follow-up 4 not delivered 40 (8) Participant request as they did not feel they required a 4th 

follow-up session 

Bristol 

Barriers and solutions 

section not delivered in 

full in initial session 

20 (4) Lack of time in initial session Bristol 

Not delivering BCT 

Biofeedback in initial 

session 

20 (4) Dietitian did not have access to clinical measurements London 

Not delivering BCT 

feedback on outcomes of 

behaviour 

20 (4) Dietitian did not have access to dietary intake data London 

Not delivering BCT 

demonstration of the 

behaviour as intended 

during initial session 

100 (20) Not appropriate for participant: Participants did not 

require signposting to online recipe demonstrations as 

had good level of cooking skills/knowledge (n=12) and 

participant young age meant parents did majority of 

cooking (n=8) 

Bristol, 

Bath, 

London 

Not delivering BCT 

Graded tasks as intended 

during initial session 

70 (14) Not appropriate for participants who did not need to 

approach dietary cooking goals in a graded task as they 

had a good level of cooking skills/knowledge  

Bristol, 

Bath, 

London 

Not delivering BCT Self-

monitoring of behaviour 

during follow-ups 3 and 4 

30 (6) Participant self-reported lack of completion of reflection 

diaries and/or plant stanol checklists at previous session 

Bristol 

Not delivering BCT 

Problem solving at follow-

up 3 

20 (4) Participant did not anticipate any barriers and therefore 

no problem solving required 

Bristol and 

London 

Delivery of additional 

BCT in follow up sessions 

80 (16) Additional BCT required to facilitate participants 

attainment of their goals- incorporated into the problem 

solving and action planning sections of the follow up 

sessions. 

Bristol, 

Bath and 

London 

BCT, behaviour change technique
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5.5.4. Qualitative outcomes  

5.5.4.1. Data collection 

Data were collected from qualitative interviews with 19 participants who completed the study 

and two who declined participation were analysed. The results regarding the participant 

acceptability of the research methods are displayed in section 5.5.4.2 and the results 

regarding acceptability of the intervention in section 5.5.4.3. A full account of the findings, 

including the finalised codebooks and additional illustrative quotes, are presented in 

Appendix 5.18 and 5.19. To provide context for each illustrative quote provided, each is 

followed by a participant code, which indicates if participant is a child (C) or parent (P) and 

which family they are from (1 to 11) and if they were from the control, intervention or 

declined participation group. Further details of each participant can be found in Table 5.12. 

 

Table 5.12 Qualitative interview sub-sample characteristics and format and length of 

interviews 
 

Participant 

code 
Sex Age Site Study group 

Interview 

length (minutes) 
Format 

P1,Control F 49.5 Bristol Control 29 Telephone 

C1,Control M 13.4 Bristol Control 19 Telephone 

P2,Control F 56.8 Bristol Control 43 In person 

C2,Control F 18.7 Bristol Control 21 In person 

P3,Inter F 44.5 Bristol Intervention 33 Telephone 

C3,Inter F 14.0 Bristol Intervention 15 Telephone 

C4,Inter M 16.7 Bristol Intervention 18 Telephone 

P5,Inter F 34.1 Bristol Intervention 20 In person 

C5,Inter F 10.5 Bristol Intervention 10 In person 

P6,Control M 43.8 Bristol Control 14 In person 

C6,Control F 11.7 Bristol Control 8 In person 

P7,Inter M 49.1 Bristol Intervention 15 In person 

C7,Inter F 13.2 Bristol Intervention 11 In person 

P8,Inter F 48.3 Bath Intervention 53 In person 

C8,Inter F 13.9 Bath Intervention 14 In person 

P9,Inter F 40.9 Bath Intervention 24 Telephone 

C9,Inter F 12.5 Bath Intervention 10 Telephone 

P10,Control F 54.8 Bath Control 14 Telephone 

C10,Control F 10.3 Bath Control 14 Telephone 

P11,Declined M 44.8 Bristol Declined full study 15 Telephone 

C11,Declined F 11.3 Bristol Declined full study 8 Telephone 

F, female; M, male 
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5.5.4.2. Participant acceptability of the research methods 

Three overarching themes and 10 sub-themes were identified and are summarised in Table 

5.13, alongside illustrative quotes. As captured in the theme Trial participation decisions, 

there were several factors influencing a participant’s decision to take part in the trial, 

including the opinions of family members, other commitments, a desire to contribute to FH 

research and the travel required to attend the research visits. Overall, the participants had 

positive experiences of recording their dietary intakes and wearing the physical activity 

monitors, however some participants perceived this to be burdensome and incompatible with 

their lifestyles. This influenced their compliance as captured in the themes Acceptability and 

accuracy of dietary intake recording and Adherence to recording physical activity.  
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Table 5.13 Narrative summary and illustrative quotes for the themes and sub-themes relating to participants acceptability of the research methods  
 

Theme Sub-theme Narrative summary with illustrative quotes  

Trial 

participation 

decisions 

FH community Participants viewed taking part in the trial as a way of advancing the knowledge of FH which in turn would benefit themselves, their families and others living with FH: It would be beneficial to the 

immediate family, wider family and people with FH so we should get involved and help out.’ (P6,Control) Several adults also wanted to give back to the FH care team who had supported them throughout 

their treatment. 
Curiosity  Parents were interested in obtaining the results of the study, indicating that much of their motivation for participation in the trial was driven by curiosity of how their, and their child’s, lifestyles compared to 

the recommendations: ‘I would quite like to have some feedback about our results…about the amount of physical activity, whether it was enough or not.’ (P7,Inter ) Additionally, both children and adults 

wanted to find out the extent to which lifestyle behaviours could improve their management of their FH: ‘I was interested to see if the healthy eating would work’ (C4, Inter) 
Influence of 

family 

members 

Parents often stated that their decision to participate was driven by their child’s interest in participation: ‘I didn’t want to force her into it. So as soon as she showed interest, then I said, “Yes, I’m prepared 
for that’. (P2,control) Equally, parents were often the ones who encouraged their children to take part: ‘My mum told me about it…she said she thought it would quite good to do.’ (C10,Control)  

Finding time to 

take part 
Parents talked of their uncertainty about participating in the study due to the commitments it required especially for those who lived far away from the hospital or who were experiencing additional stresses in 

their life at the time, such as ill family members and new jobs: ‘it was quite tricky for us to do it with my new job and we live absolutely miles away.’ (P3,Inter) Similarly, in the account from the parent who 
had declined participation in the trial, it was apparent that this decision was based on it not being the right time because his daughter had just started a new school and he had an irregular work schedule: ‘The 

study’s not the problem, it’s my lifestyle and [daughter], this time in her life, it’s just not right for her.’ (P11,Declined) Participants who had taken part felt their experience would have been improved if the 

research visits could be held nearer where they lived: ‘That would have made it easier, if we were just literally going to our local GP surgery, rather than having to come into Bristol.’ (P1,Control) Many 
participants stated that their participation had only been possible due to the flexibility offered to them by members of the research team when arranging the research contacts: ‘It was helpful that you were 
flexible, so we could schedule it for when we were on holiday as I couldn’t take time off work for it.’ (P10,Control).  

Blood tests Most participants did not comment on their experience of the blood tests.  However, when asked what was least enjoyable about the study, two children stated it had been getting the blood test. One parent 

stated that the blood test was the reason that her other child with FH had refused participation: ‘When I discussed it with [son], “I’m not doing it…I’m not having my blood taken”’. (P8,Inter ) 

Acceptability 

and accuracy 

of recording 

dietary 

intake  

Burden of use Apart from the desire for it to be available in an app format, most children found the intake24 software to be ‘very quick’ (C3, Inter) and ‘simple to use’ (C7, Inter). However, adults experienced more 

problems using the software: ‘It is quite difficult…I didn’t find it, personally, very easy to use’. (P8,Inter ) This was due to difficulties inputting home cooked meals, finding foods, working out portion sizes 
and the requirement to restart if they made a mistake, leading to frustration as it took a long time to complete: ‘it meant I was going to bed half an hour later than I wanted to and felt a little bit irritated by 

it’.(P1,Conrol) Much of the associated burden resulted from the requirement to complete the dietary intake at the end of the day as they were tired or could not remember the foods they had eaten throughout 

the day. The prompts provided on the software overcame the burden of remembering foods eaten for some participants, however, many ended up writing down what they ate throughout the day or taking 
photographs, thus adding to their burden:  ‘Every time I ate something, I photographed it which I think [daughter] did a bit. Because it was quite difficult at the end of the day, remembering when you had 

food and what you’d had.’ (P10,Control) Due to the burden experienced, participants reported completing it the following day or would not take as much care when inputting the data, leading to a concern 
that the data would not be accurate: ‘Sometimes I would take shortcuts and feel quite dissatisfied, because I’d be thinking, “well, that’s not really very accurate”’. (P1,Control) The burden also influenced 

their dietary intake: ‘I was probably more conscious with some of the foods I was eating, not because of the study but just thinking, “how am I actually going to input some of this stuff”.’ (P6,Control)  
Lack of 

options 
Both children and adults experienced frustration at the lack of representative foods available on the intake24 system and felt that the foods they ended up choosing were not an accurate representation of what 

they had actually eaten: ‘It won’t let you put in ‘chicken wrap’. It has to be like a chicken sandwich with mayo, and then you think, “well I didn’t really have mayo,”.’(C8,Inter ) This was especially apparent 
for those in the intervention group who struggled to find the food swaps they made, having to choose unsuitable alternative options.  Many participants also felt that the portion sizes did not reflect their true 

intake: ‘I ate half a watermelon and it didn’t give me the option’. (C1,Control) Participants suggested adding more foods to the system: ‘I think just trying to add more foods on there, so it’s easier.’ 

(C4,Inter)  

Acceptability 

of recording 

physical 

activity   

Compatibility 

with lifestyle  

 

 

Wearing the two monitors was generally very well accepted, viewed as ‘not intrusive at all’ (C4,Inter) and ‘no problem whatsoever’ (P2,Control). Particularly the thigh monitor which participants said was 

easy to hide under clothes and could be put on and left for the whole recording period. One exception to this, from a young girl who found that the thigh monitor was noticeable in the clothes she wore: ‘I like 

wearing ripped jeans, and it always happens where the rip was where the thing was.’ (C8,Inter ) The hip monitor had to removed for showering and sleeping which led to some participants forgetting to put 
it back on: ‘The waistband was hard to remember to put on…there were two days I forgot to put it on.’ (P3,Inter) It was also viewed as being inconvenient to wear during sports, driving or when wearing 

certain clothes due to its size, position on the hip and the length of the waistband straps. Children also tended to be self-conscious of wearing the hip device as they would often be asked questions: ‘I thought 

they were fine, but it was my friends saying, “what are they?”, all the time.’ (C4,Inter) Most participants viewed these as minor inconveniences which could be overcome by repositioning the monitor, 
cutting the straps or just an acceptance that it was something which was ‘a bit annoying, but I’m fine it with it’ (C5,Inter) However, it led to the removal of the device for some children and adults. For one 

adult, the noticeability of the monitors prompted them to do more activity than usual: ‘We couldn’t help it, we put them on and felt, “right, I want to do something active today’ (P7,Inter)  

 

The participants did not perceive the logbooks to be particularly burdensome to complete but they often found it hard to remember to fill them in daily and would often fill out several days later. Many also 

struggled to record the exact time they went to sleep and were concerned they had not been filling them out correctly: ‘I don’t know what time I fall asleep. I’d estimate it’s about an hour after I go to bed…I 

don’t know how valuable that one is.’(P2,control). One participant felt frustration that the logbooks did not capture enough information to reflect the intensity of her physical activity that was not recorded by 
the monitors which were taken off for swimming.  

Reaction to 

plasters 
A sub-group of the children experienced a skin reaction to the plaster, or waterproof dressing, used to attach the thigh monitor to their leg. In their accounts it appeared to be viewed as a minor 

inconvenience: ‘It kind of made me have an initial red rash but I just moved it and it was fine.’ (C6,Control) Some parents attributed this reaction to the children playing with the plaster: ‘I think she might be 

a bit of a picker, so she changed it a few times and that probably might have aggravated her leg a little bit.’ (P9,Inter)  
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5.5.4.3. Participant acceptability of intervention  

As shown in Figure 5.4, delivery of the intervention led to changes in participants’ 

knowledge, attitudes and motivation regarding diet and physical activity in the management 

of their FH. This facilitated the acceptability and engagement with the lifestyle changes in 

principle, as captured within the theme ‘Acceptability in principle’. The acceptability and 

feasibility of the implementation and maintenance of these changes in practice were subject 

to individual level factors, as captured within the theme ‘Acceptability and feasibility in 

practice’. The themes and their composite sub-themes will now be narratively described.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Themes are shown in green and sub-themes in blue; arrows depict influencing relationship 

 

Figure 5.4 Thematic diagram of the themes and sub-themes relating to participant 

acceptability of the intervention 
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Theme 1: Acceptability in practice  

The participants were very accepting of the information provided to them during the 

intervention and as a result were willing and able to make changes to their dietary intakes and 

physical activity levels. This theme captures the apparent mediating factors of this 

acceptability, captured in the following three sub-themes.  

 

Clarity of knowledge 

Children and adults reported that the information provided in the intervention was interesting 

and useful: ‘I found it interesting. I learnt a lot because I didn’t know any of it really.’ 

(C2,Control) For many adults, it also acted to clarify areas that they were unsure about: ‘I 

knew about eggs but again, the guidelines seem to change all the time. Hearing that was 

really useful.’ (P5,Inter) As a result of receiving the information, the participants felt they 

were well equipped and able to proceed to making changes to their lifestyle behaviours: ‘Very 

useful and helpful-it helps me choose what’s good and what’s bad’. (C6,Control) The 

presentation of the advice in the intervention booklets and the delivery of information during 

the face to face sessions facilitated their understanding with participants reflecting it was 

‘Very clear and self-explanatory’ (P7,Inter). Participants emphasised the importance of 

having the dietitian go through the information with them:‘ Especially you talking us through 

it makes it very clear and easy to understand.’ (C10,Control)  

 

Participants viewed the follow-up sessions as an opportunity to get answers to their additional 

questions suggesting participants were accepting of the information provided, viewing it as 

credible and helpful: ‘it’s really useful to speak to you…when we wanted the information, it 

was easy to get and really useful.’ (P5,Inter)  

 

Shift in attitude 

Participants gained a new appreciation of the importance of lifestyle behaviours in the 

management of their FH. Younger participants reported being ‘much more aware’ (C3,Inter) 

of the impact of lifestyle and adults felt that the intervention had been ‘really helpful in 

reinforcing’ (P6,Control) what they already knew but had become complacent about. 

Participants attitude about their ability to achieve the lifestyle recommendations was also 

changed, facilitated by the goal-orientated approach. By breaking down the recommendations 

into individualised, achievable goals, the participants were more accepting of making the 

changes: ‘I could focus down on a couple of things, it wasn’t as broad as “stop eating sugary 
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things” or like “try not to”. It was, like, “after school don’t do this”. (C7,Inter) Participants, 

who had followed restrictive diets, also experienced a change in attitude towards foods they 

had once viewed as being off-limits: ‘it’s nice to be able to say, “I’m going to have some 

nuts, because they’re good for me”’. (P3,Inter) 

 

Motivation 

The intervention provided participants with motivation to engage with behaviours that they 

knew they should be, but it had not been a priority for them. One participant, who as a GP 

provided lifestyle advice to patients daily, reflected: ‘It was just having somebody say it to 

me, because I’m the patient here’. (P3,Inter) The intervention resulted in participants ‘being 

more mindful of’ (P1,Control) their lifestyle behaviours and the importance of making 

changes: ‘It’s more like in the forefront of my mind going, “oh, you’ve got to do this, you’ve 

got to do this”. (C3,Inter) Some participants found the follow-up sessions essential to 

maintain motivation, and thus acceptability, of continuing with lifestyle changes:  ‘I think if 

we’d not have any contact, it might have been difficult to keep on track.’ (P5,Inter)  

 

Theme 2: Acceptability & feasibility in practice 

The feasibility and acceptability of the participants to implement the lifestyle changes were 

influenced by individual level factors, which acted as facilitators or barriers to the 

acceptability and feasibility of making lifestyle changes, which has been captured in three 

sub-themes.  

 

Personal preferences  

The biggest factor influencing participants’ acceptability of dietary changes was taste, 

especially for children. However, if participants liked the taste of the healthier food swaps, 

they reported no difficulty:‘ I had the fibre bars and I was fine with that, because I knew I 

liked it.’ (C5,Inter) Parents reported difficulties getting their children to adhere to the dietary 

changes, leading to lower acceptability of trying the changes due to food wastage concerns. 

However, all participants purchased and tried new foods for themselves and their children 

and in the majority of cases, the children preferred the new foods, even if it took several 

attempts: ‘I got used to the cheese and the brown pasta. It just tastes better now than the 

other pasta, so that’s good.’ (C5,Inter) For parents who had struggled to get their children to 

eat certain foods previously, seeing their child try and enjoy these foods appeared to increase 

their overall acceptability of the intervention as they attributed this behaviour to the 
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intervention: ‘I would never have bought brown bread in the shops and now she loves it, and 

to see her there eating broccoli and green beans, it’s just what every mum wants. (P9,Inter) 

 

The participants’ acceptability of making changes to their physical activity levels was 

influenced by their enjoyment of exercise. Participants who reported being active before the 

intervention found making the changes enjoyable: ‘I found it really good, because I really 

like doing loads of different activities.’ (C5,Inter) while those who were inactive previously 

viewed increasing activity levels as something which required ‘discipline’ (P7,Inter) and a 

‘bit of a push’ (P9,Inter ). For these individuals, finding an activity they enjoyed, or joining a 

sports club, increased their acceptability of increasing their activity levels. For instance, 

another child who previously did very little physical activity had tried swimming during the 

intervention and her mother commented: ‘The girls are forever, “can we go swimming, can 

we go swimming” They want to do it all the time at the moment.’ (P9,Inter ) However, many 

participants reported continuing to struggle to improve their physical activity behaviours. For 

all participants, weather conditions were a major factor influencing their engagement with 

activities: ‘The weather has been rubbish and mountain biking is less appealing, more of a 

hassle’ (P7,Inter)  

 

Family involvement  

For all participants, taking part in the intervention with another family member was a 

fundamental aspect of their acceptability of the intervention and their ability to implement 

lifestyle changes: 'it's just easier if you have someone else doing it with you.' (C9,Inter) This 

was due to the perception that by taking part together, participants could provide support and 

motivation to each other: 'it was good, because either one of us on our own, we wouldn't 

really have pushed each other.’ (P9,Inter) Parents were very positive towards having their 

child involved, as this facilitated joint decisions, rather than them feeling they were just 

telling their children what to do: 'it's not just me making him do things. He's part of the 

discussion, that's really important.' (P1,Control). Participants also discussed the positive 

impact of the intervention upon the lifestyles of other members of the family: 'My brother has 

started eating better now and he's going to the gym now’ (C8,Inter) This increased the 

acceptability and feasibility of implementing the changes for parents who felt they were able 

to purchase only the new alternative foods and prepare meals for the whole family: 'They all 

have the 1% [milk] now, and we all have family meals. So there have been family changes.' 

(P3,Inter) 
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Implementing into everyday life  

Parent participants talked of the organisation that was required to implement the dietary 

changes for themselves and their child and due to their other commitments such as work and 

childcare, they sometimes were not able to be organised enough to get all the foods they 

required: ‘The biggest factor was shopping and actually having the relevant food in. There 

were times when we ran out of things.’ (P7,Inter) However, participants recognised that this 

was easily overcome and it did not impact upon the feasibility and acceptability of the dietary 

changes. Many parents struggled to make time to increase their physical activity: ‘I would 

always put myself last…I wanted to do something, but the girls had something on.’ (P5,Inter) 

For some this was overcome through integration of physical activity into their routines 

through sports clubs or gym classes as they felt committed to going. The acceptability and 

feasibility of implementing the changes was altered when participants routine changed, 

including school holidays. During these times the participants felt unable to adhere to the 

goals: ‘The summer holidays have been a bit tricky I think because you’re always out of a 

routine anyway. When we’re back at school it will be a lot easier’. (P5,Inter) However, the 

participants viewed these as short-term lapses and returned to their new habits once their 

routine returned to normal.  

 

The high acceptability of the four follow-up sessions being conducted over the phone also 

reflect the need for the intervention to be compatible with participants’ busy lifestyles. 

Participants viewed these phone calls to be convenient as they were ‘… quick and easy and I 

could do it anywhere’ (C4,Inter) and did not require travel. Accordingly, the participants 

reported rarely completing their weekly reflection diaries or looking at the intervention 

booklets between follow-up sessions as they did not have enough time. 

 

Maintenance of change 

Most participants felt the lifestyles changes during the intervention were manageable and 

intended to continue with these changes as they felt they would be ‘easy changes to continue’ 

(C3,Inter) and ‘there’s no point changing back’ (P7,Inter) In particular, continuing with 

changes which involved simple food swaps were reported as being easiest as these 

behaviours had become habits and required little conscious effort. While some of the dietary 

changes had increased cost of participants’ weekly shop, including the daily plant stanol 

drinks which cost 30-60p per bottle, they did not view this as a barrier to continuing: ‘It’s not 

a massive amount, so it’s not a big drama really’. (P9,Inter) Only two participants were 
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unhappy continuing with the lifestyle changes. One adult did not feel all the dietary changes 

were compatible with her goal of maintaining a healthy weight and another parent was unsure 

if her daughter would continue with the changes: ‘It was really good, it really worked, but its 

stopped. She’ll just think, “well nobody cares now. What was that for?”’ (P8,Inter) 

 

5.5.4.4. Researcher reflexivity 

FK had established relationships with participants, and this may have increased their 

willingness and candour to openly discuss topics. However, it was acknowledged some 

participants may be reluctant to be critical of study design and/or intervention that they knew 

FK had designed. Thus, participants were encouraged to be honest and were informed that the 

purpose of a feasibility study was to make improvements. Whilst the qualitative data analysis 

was conducted ahead of the quantitative analysis, FK had developed opinions and ideas about 

the research objectives during data collection which may have introduced bias. This was 

overcome to an extent by the involvement of AS who had no prior relationships with the 

participants and no preconceptions about the acceptability of the trial. Lastly FK had no 

previous experience in conducting qualitative research, which may have influenced the data 

collection and analysis. Steps taken to address this included attending training courses in data 

collection and analysis methods and supervision throughout by AS (an experienced 

qualitative researcher). The supervision included AS listening to, and providing feedback on, 

the audio recordings of the first two interviews.  

 

5.5.4.5.  Data saturation 

The purposeful sampling approach to recruitment, using a maximum variation method, 

ensured the qualitative data included in the analysis represented the views of a diverse range 

of study participants. (669, 677, 678) With regards to participant acceptability of the trial 

research methods and intervention at the Bristol and Bath sites, data saturation was achieved 

with no new data arising during the analysis of the last four transcripts. (679) Due to study 

timelines, families who participated in the study at the London site were unable to take part in 

qualitative interviews. These participants may have had different experiences of the trial and 

intervention that were not captured in the presented themes and thus it cannot be concluded 

that data saturation was reached.  Furthermore, only one family who declined participation in 

the trial agreed to take part in a qualitative interview and therefore data saturation was not 

reached with regards to reasons for participants declining participation in the trial.   
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5.5.5. Secondary objectives  

The primary aim of this study was to determine the feasibility and acceptability of the chosen 

outcome measures, not to evaluate statistically significant changes. However, the secondary 

outcomes have been presented to allow for an exploration of potential trends, comparison of 

behavioural outcomes to the targets of the intervention and to inform a power calculation for 

the sample size of a future, fully powered trial. Appendix 4.1 displays the targets of the 

intervention, which are based upon the dietary and physical activity recommendations for 

children and adults with FH. Appendix 5.20 displays the number of children and adults in the 

control and intervention groups who were meeting the dietary, physical activity and sedentary 

behaviour targets at baseline and endpoint assessments.  

 

The baseline data collected from the withdrawn participant was included in the analysis, as 

they did not differ markedly from the rest of the participants. To maximise the power of the 

models, all valid data collected at baseline or endpoint assessments have been included in the 

analysis. The number of valid data points for each variable at baseline and endpoint 

assessments are indicated in the tables.  The number of paired data points from which 

adjusted mean differences and median within group changes were calculated is also specified.   

 

5.5.5.1. Dietary intake 

As displayed in Table 5.14, the baseline intakes of fat and SFA by the children and adults 

were higher than the recommendations. Fat and SFA intake by children in the intervention 

group reduced to within recommendations. Similarly SFA intake by adults in the intervention 

group reduced to within recommendations. However, total fat intake remained higher than 

recommendations at endpoint, at 31%. The results suggest that for both adults and children 

the reduction in SFA was not achieved by increasing intakes of MUFA and PUFA. The full 

analysis of macronutrient intakes suggests that the reductions were the result of replacing 

foods high in fat and saturated fat with protein and carbohydrate rich foods, as evident by an 

increase in percentage of daily energy intakes from these macronutrients (appendix 5.20).  

 

The baseline intakes of fruits and vegetables were lower than the recommendations for 

children and adults although the intervention may have improved intake in both groups. 

However, at endpoint, the mean intakes fell short of the recommended five portions for 

children and adults in the intervention group by one portion. The fibre recommendations are 

age-dependent for children and due to small sample size, it was not appropriate to display 
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fibre intakes per age group but data suggests the intervention increased fibre intake. Similar 

trends were apparent for adults in the intervention, but intake did not meet the recommended 

30g/day. Baseline intake of cholesterol was within the recommended levels for adults and 

children in both groups although the trends suggest the intervention led to further reductions 

(Appendix 5.20). Daily plant stanols and sterols intake is not reported in Table 5.14 as 

information was self-reported by participants at research contact two and three. No adult or 

child in either group consumed these foods at baseline. Except for one adult, all participants 

in the intervention reported consuming a fortified yogurt drink containing 2g of plant stanols 

or sterols everyday in the week preceding research contact three and during the whole 12 

week intervention.  
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Table 5.14 Mean daily intakes of nutrients and foods targeted by the intervention at baseline and endpoint assessments for control and intervention groups and a 

comparison of the differences between groups at the endpoint assessment unadjusted and adjusted for baseline values* 
 

 

 
 

 
TEI, total energy intake; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fats; SD, standard deviation; CI, confidence interval 

*All data has been included, the ‘N’ columns indicate the number of participants included in each estimated group mean value and estimated mean differences between groups  

†Adjusted for baseline values, this estimate includes only participants for whom paired baseline and endpoint data was collected indicated in the ’N’ column 

  
Children Adults 

Nutrient or food Group N Baseline  N Endpoint 

Endpoint 

difference 
(95% CI) 

N 

Adujsted 

difference† 
(95% CI) 

N Baseline N Endpoint 

Endpoint 

difference 
(95% CI) 

N 

Adujsted 

difference† 
(95% CI) 

Fat  

(% TEI) 

Intervention 9 33.0 (6.4) 9 28.3 (5.1) 

 -5.6  

(-10.2 to -0.9) 

9 
-5.3  

(-8.9 to -1.5) 

8 35.4 (7.8) 8 31.2 (5.9) 
-0.3  

(-6.9 to 6.2) 

8 
-2.3  

(-7.4 to 2.9) Control  10 32.9 (4.8) 9 33.9 (4.1) 8 9 32.0 (5.7) 8 31.6 (6.3) 8 

Saturated fat 

(%TEI) 

Intervention 9 
12.6  (2.0) 

9 10.3 (2.6) 

 
-1.8  

(-4.2 to 0.5) 

9 
-1.8  

(-4.3 to 0.8) 

8 12.1(3.8) 8 9.9 (2.6) 
-1.1 

 (-4.3 to 2.2) 

8 
-1.9 

(-4.3 to 0.5) 
Control  10 12.1 (2.9) 9 12.1 (2.1) 8 9 10.8 (3.4) 8 10.9 (3.3) 8 

MUFA  

(%TEI) 

Intervention 9 11.6 (4.1) 9 9.4 (2.0) 

 
-2.8  

(-4.9 to -0.6) 

9 
-3.2 

(-5.3 to -1.01) 

8 13.5 (3.7) 8 11.5 (3.4) 
0.9  

(-2.8 to 4.6) 

8 
0.3 

(-3.3 to 3.9) 
Control  10 11.3 (1.8) 9 12.2 (2.3) 8 9 12.1 (2.6) 8 10.6 (3.5) 8 

PUFA  

(%TEI) 

Intervention 9 4.8 (1.4) 9 4.8(1.1) 

 
-0.4  

(-1.7 to 0.8) 

9 
-0.6 

(-1.9 to 0.7) 

8 5.7 (1.5) 8 5.6 (1.6) 
0.1 

 (-1.9 to 2.2) 

8 
0.03 

(-2.1 to 2.2) 
Control  10 4.6 (1.1) 9 5.3 (1.3) 8 9 5.2 (1.4) 8 5.5 (2.2) 8 

Cholesterol  

(mg) 

Intervention 9 181.9 (71.2) 9 149.4 (54.6) 

 
-34.1 

 (-117.2 to 

48.7) 

9 -24.1 

(-100.9 to 

52.7) 

8 219.2 (84.6) 8 204.4 (30.5) 
63.9  

(-39.6 to 167.5) 

8 
28.1 

(-76.6 to 132.8) 
Control  10 220.9 (95.2) 9 183.5 (34.7)  8 9 160.9 (60.1) 8 37.4 (105.8) 8 

Fibre  

(g) 

Intervention 9 20.0 (5.2) 9 24.2 (6.4) 

 
7.8  

(1.8 to 13.9) 

9 
5.2 

(-0.7 to 10.9) 

8 15.5 (5.7) 8 20.6 (7.8) 
-2.1  

(-10.2 to 6.1) 

8 
1.1 

(-6.7 to 8.8) 
Control  10 15.4 (4.0) 9 16.3 (5.7)  8 9 22.4 (10.6) 8 22.6 (7.4) 8 

Fruit & 

vegetable 

(portions) 

Intervention 9 3.2 (1.7) 9 4.2 (0.9) 

 2.2  

(1.4 to 3.0)  

9 
2.2 

(1.2 to 3.2) 

8 3.3 (2.0) 8 4.1 (1.5) 
1.2  

(-0.3 to 2.8) 

8 
1.6 

(0.1 to 3.1) Control  10 2.2  (1.1) 9 2.0 (0.6)  8 9 4.5 (1.8) 8 2.9 (1.3) 8 
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5.5.5.2. Physical activity and sedentary behaviours 

As displayed in Table 5.15, the large ranges indicate the inter-individual variability of MVPA 

and sedentary behaviours in both children and adults. For adults, the direction of trend 

suggests a small positive effect of the intervention upon increasing daily MVPA and reducing 

daily sedentary time. For children the trends are in the opposite direction and there are no 

differences apparent between control and intervention groups, suggesting no effect of the 

intervention. Only two children reported removing their devices to participate in physical 

activity and in each case it occurred only once during the recording period and therefore the 

decision was made not to include this data.  

 

The mean daily average of MVPA would suggest the children in the intervention group were 

meeting the recommended MVPA before and after the intervention. However, a more 

common definition for a child who meets the recommendation is the accumulation of at least 

60 minutes of MVPA on every day of recording. (753) Using this approach, only two 

participants in the intervention group were meeting the recommendations at baseline and this 

decreased to zero at endpoint (Appendix 5.20). No children in the control group met the 

recommendation at either timepoint. The recommendation for adults is a weekly target of 150 

minutes of MVPA or 75 minutes of vigorous physical activity. (58) Using the weekly total 

amounts of MVPA, 75% and 87.5% of adults in the control and intervention groups were 

meeting the recommendations at baseline, respectively. This remained unchanged at endpoint 

for those in the intervention group but increased to 100% of adults in the control group.   

 

Self-reported daily average MVPA and sedentary time could be estimated from the 

questionnaire data completed by the adults. The trends in changes in MVPA were similar to 

those measured by objective methods, however the range was larger. Compared to 

objectively measured sitting and lying time, participants under-estimated the time spent in 

sedentary behaviours and the ranges were much larger. For children, the mean endpoint 

physical activity summary score was higher in the intervention versus control group, although 

the confidence intervals are large.  
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Table 5.15 Objectively and self-reported median daily time spent in moderate and vigorous physical activity (MVPA) and time spent sitting/lying during 

waking hours (sedentary time) at baseline and endpoint assessments and the median change between these timepoints within the control and intervention groups 

for children and adults*†‡ 

     CI, confidence interval,  SD, standard deviation, MVPA, moderate and vigorous physical activity; PA, physical activity 

* All data has been included, the ‘N’ columns indicate the number of participants included in each estimated group median/mean value and estimated median within group changes from baseline to endpoint or mean difference of endpoint 
means unadjusted and adjusted for baseline values

 

† Ranges are presented due to small sample sizes  
‡

Self -reported MVPA and sedentary time were not measured in children, the mean PA summary score is presented instead along with the mean unadjusted and adjusted difference in endpoint means of control and intervention groups 

§ Adjusted for baseline values, this difference estimate includes only participants for whom paired baseline and endpoint data was collected indicated in the ’N’ column

 Children Adults 

Outcome Group N 

Baseline 

median 

(range) 

N 

Endpoint 

median 

(range) 

N 
Median change 

(range)
‡
 

N 
Baseline 

median (range) 
N 

Endpoint median 

(range) 
N 

Median change 

(range)
‡
 

Daily MVPA 

(minutes) 

Intervention 10 
67.1 

(59.9 to 84.6) 
10 

62.2  

(42.2 to 86.2) 
10 -4.2 (-14.3 to 2.4) 8 

37.7 

(28.0 to 63.1) 
8 

47.4  

(27.9 to 79.9) 
8 4.3 (1.2 to 17.2) 

Control 10 
51.5 

(41.9 to 71.9) 
8 

45.9 

(38.7 to 59.4) 6 -5.9 (-19.1 to 12.4) 8 
34.5 

(21.4 to 59.0) 
8 

41.9  

(24.7 to 65.9) 
7 6 (-22.2 to 19.1) 

Self-reported 

daily MVPA 

(minutes)
‡
 

Intervention 

 

6 
83.6 

(38.5 to 127.1) 
3 

51.4 

 (42.9 to 85.7) 3 8.6 (0  to 47.1) 

Control 8 
65.7 

(17.1 to 90) 
7 

54.3 

 (20 to 88.6) 7 5.0 (-57.1 to 30) 

Daily 

sedentary 

time 

(minutes) 

Intervention 9 
551 

(497 to 553) 
8 

560 

(526 to 608) 7 14 (-41 to 105) 8 
593 

(543 to 624) 
6 

552  

(529 to 583) 6 -34 (-52 to -7) 

Control 10 
515 

(494 to 633) 
6 

595 

(532 to 674) 5 81 (10 to 160) 8 
571 

(478 to 619) 
8 

537  

(293 to 679) 
5 3.8 (-32 to 19) 

Self-reported 

daily 

sedentary 

time 

(minutes)
‡
 

Intervention 

 

6 
351 

(120 to 446) 
3 

411  

(137 to 583) 3 0 (-43 to 463) 

Control 8 
347 

(180 to 514) 
7 

360  

(309 to 540) 7 51.4 (-103 to 197) 

 N 
Baseline 

mean (SD) 
N 

Endpoint 

mean (SD) 

Mean 

difference 

(95% CI) 

N 

Mean adjusted 

difference 

(95% CI)§ 

 

PA summary 

score
‡
 

Intervention 9 2.71 (0.65) 9 2.78 
0.42 

(-0.29 to 1.13) 

8 0.22 

(-0.36 to 0.79) 
Control 12 2.36 (0.78) 11 2.36 (0.73) 11 
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5.5.5.3. Clinical outcomes  

 

As displayed in Table 5.16, the direction of trends suggests a favourable effect of the 

intervention upon diastolic blood pressure, total and LDL cholesterol in adults and children. 

When adjusted for baseline values, the mean difference between the endpoint levels of LDL-

C level, the likely primary outcome in a future trial, was -0.36mmol/l (95% CI -0.82 to 0.12) 

and -0.56mmol/l (95% CI -1.33 to 0.12) in the intervention versus control groups for the 

children and adults, respectively. The within group mean decrease for children in the 

intervention group was 0.29 (0.58) which is an approximate decrease of 8% from baseline 

mean values. For adults in the intervention group the within group mean decrease was 0.33 

(0.77) which is an approximate decrease of 10% from baseline mean values. The results 

suggest that the intervention may not have a favourable effect upon HDL-C with trends 

towards a reduction in HDL-C in the intervention versus control groups in both adults and 

children. 

 

The trends displayed in Table 5.17 suggest a reduction in BMI Z-score in children in the 

intervention group, which may be a result of a loss of both body fat and fat free mass. 

However, body composition data was only available from a small number of children. There 

was little evidence of an effect of the intervention upon BMI and body composition in adults. 

(Table 5.17)  

 

A trend towards an improved HRQoL in children in the intervention group was evident, 

driven mostly by an improvement in the psychosocial component score (Table 5.16). 

Conversely for adults, the trends suggests a slight reduction in HRQoL, as measured by the 

EQ-VAS, for those in the intervention group compared to control (Table 5.17). As the data 

collected in the descriptive system was subject to a ceiling effect, it is not possible to explore 

what health domains may have contributed to this.  
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Table 5.16 Mean (SD) values for clinical outcome measures (diastolic and systolic blood pressure; total, LDL and HDL cholesterol; HRQoL) collected as 

baseline and endpoint assessments for control and intervention groups and a comparison of the differences (95% CI) between groups at the endpoint assessment 

unadjusted and adjusted for baseline values for children and adults*† 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

BMI, Body mass index; SD, standard deviation; HRQoL, health related quality of life; CI, confidence intervals. 
*All data has been included, the ‘N’ columns indicate the number of participants included in each estimated group mean value and estimated mean differences between groups  

 †HRQoL data presented for children only. Data collected from adults is displayed in table 5.17 
‡

 Adjusted for baseline values, this difference estimate includes only participants for whom paired baseline and endpoint data was collected indicated in the ’N’ column 

 

 

 

 

 

  Children  Adults 

Outcome Group N Baseline N Endpoint Difference N Adujsted difference
‡
 N Baseline N Endpoint Difference N Adujsted difference

‡
 

Systolic blood pressure (mmHg) 

Intervention 10 104.5(10.5) 9 104.9 (6.3) 

-3.1  

(-10.9 to 4.8) 

9 
-1.6 

(-8.6 to 5.3) 

8 115.5 (15.1) 8 111.9 (3.6) 
-8.1  

(-21.2 to 4.9) 

8 -6.8 

(-15.9 to 1.4) Control 12 110.3 (102) 11 107.9 (8.3) 11 9 117.5 (14.5) 9 120 (4.5) 9 

Diastolic blood pressure 

(mmHg) 

Intervention 10 62.9 (6.7) 9 58.9 (4.9) 

-4.1  

(-10.4 to 2.3) 

9 
-2.2  

(-8.1 to 3.7) 

8 75.4 (10.1) 8 71.6 (7.2) 
-3.2  

(-11.4 to 5.1) 

8 -6.8 

(-12.7 to -0.9) Control 12 68.9 (9.2) 11 63.0 (2.4) 11 9 69.7 (8.6) 9 74.8 (8.6) 9 

Total cholesterol (mmol/l) 

Intervention 8 5.2 (1.9) 8 5.0 (1.7) 

-0.06 

(-1.4 to 1.5) 

8 

-0.3  

(-0.9 to 0.4) 

7 5.0 (0.9) 8 4.8 (0.3) 

-0.08  

(-1.3 to 1.2) 

7 
-0.4  

(-1.2 to 0.4) Control 10 4.8 (0.8) 8 4.9 (0.8) 8 9 4.6 (0.9) 8 4.9 (0.5) 8 

LDL cholesterol (mmol/l) 

Intervention 8 3.5 (0.8) 8 3.2 (1.6) 

-0.2 

(-1.5 to 1.1) 

8 

-0.36 

(-0.82 to 0.12) 

7 3.2 (0.7) 8 2.8 (0.8) 

-0.2  

(-1.2 to 0.8) 

7 
-0.56 

 (-1.33 to 0.12) Control 10 3.2 (0.8) 8 3.3 (0.7 8 9 2.7 (0.8) 8 2.9 (1.1) 8 

HDL cholesterol (mmol/l) 

Intervention 8 1.4 (0.3) 8 1.4 (0.3) 

0.1 

(-0.2 to 0.4) 

8 

0.01  

(-0.1 to 0.2) 

7 1.47 (0.16) 8 1.39 (0.22) 

-0.13  

(-0.38 to 0.13) 

7 
-0.17  

(-0.38 to 0.04) Control 10 1.2 (0.3) 8 1.3 (0.1 8 9 1.45 (0.27) 8 1.52 (0.09) 8 

HRQoL (total)† 
Intervention 10 85.1 (9.8) 9 89.0 (7.8) 16.7 

(7.6 to 25.7) 

9 5.9 

(-0.3 to 12.0) 

 

Control 12 73.4 (9.9) 11 72.3 (3.3) 11 

HRQoL (psychosocial)† 
Intervention 10 80.6 (13.6) 9 87.0 (9.5) 20.7 

(8.9 to 32.5) 

9 9.8 

(2.4 to 17.3) Control 12 70.4 (13.6) 11 66.4 (14.5) 11 

HRQoL (physical)† 
Intervention 10 93.4 (5.9) 9 89.7 9.9 

(0.5 to 19.3) 

9 5.5 

(-5.9 to 16.9) Control 12 76.1 (11.0) 11 79.8 (10.9) 11 
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Table 5.17 Median (range) values for clinical outcome measures (BMI, body fat %, fat free mass and HRQoL) at baseline and endpoint assessments for control 

and intervention groups and the median change (range) between these timepoints for both groups for children and adults*†‡ 

 Children Adults 

Outcome Group N 
Baseline median 

(range) 
N 

Endpoint median 

(range) 

N Median change 

(range) 

N Baseline median 

(range) 

N Endpoint median 

(range) 

N Median change 

(range) 

HRQoL  

(EQ-VAS) 

Intervention  8 87.5 (50 to 95) 8 80 (69 to 90) 8 -3.5 (-15 to 40) 

Control 9 80 (65 to 90) 9 80 (70 to 90) 9 0 (-10 to 10) 

BMI  
(BMI z-score for 

children and kg/m2 for 

adults) 

Intervention 10 0.71 (-1.5 to 3.1) 9 0.54 (-1.7 to 3.2) 9 -0.2 (-0.4 to 0.1) 8 24.9 (21.9 to 29.1) 8 25.5 (22.2 to 28.9) 8 0.1 (-1.3 to 0.7) 

Control 12 0.41 (-1.8 to 2.4) 11 0.31 (-1.7 to 1.5) 
 

11 
0.07 (-0.3 to 0.3) 9 24.0 (21.7 to 28.1) 9 23.2 (22.5 to 27.5) 

9 
-0.4 (-1.9 to 1.4) 

Body fat (%) 
Intervention 6 21.2 (13 to 24.5) 5 22.4 (12.9 to 23.7) 5 -0.1 (-1.0 to 0.9) 4 26.4 (23 to 36.5) 4 26.8 (21.6 to 33.7) 4 -0.6 (-2.8 to 0.5) 

Control 6 27.9 (14.4 to 37) 5 23.8 (16.3 to 29.2) 5 0.2 (-1.4 to 0.3) 4 29.2 (22.4 to 33.2) 4 26.9 (22.7 to 32.5) 4 -0.9 (-3.5 to 0.3) 

Fat free mas (kg) 
Intervention 6 41.3 (25.4 to 56.9) 5 43.1 (29.4 to 56.2) 5 -0.6 (-1.0 to -0.3) 4 45.1 (41.8 to 52.9) 4 44.9 (40.8 to 54.4) 4 -0.2 (-1 to 1.5) 

Control 6 38.2 (27.2 to 43.8) 5 39.1 (29.2 to 47.3) 5 1.6 (0.3 to 3.5) 4 52.4 (40.7 to 58.2) 4 51.8 (40.6 to 58) 4 -0.2 (-2.2 to 0.9) 

BMI, body mass index; HRQoL, health related quality of life; VAS, visual analogue scale 

* All data has been included, the ‘N’ columns indicate the number of participants included in each estimated group median value and estimated median within group changes from baseline to endpoint 
 

† Ranges are presented due to small sample sizes  
‡

 HRQoL data presented for adults only. Data collected from children is displayed in table 5.16 
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5.5.5.4. Sample size calculation  

The findings of this small feasibility study indicate that a decrease in LDL-C of 

approximately 8% in children and 10% in adults may be plausible in a future trial. After 

discussion with clinicians, it was decided that a 10% reduction in LDL-C above that achieved 

with standard pharmacotherapy could have clinically significant implications for children and 

adults with FH. This was based on the research that shows many adults and children do not 

achieve LDL-C treatment targets, (203, 227) and the 10-20% additional reduction in LDL-C 

achieved by adding an additional medication above that achieved with statins. (230, 754)  

 

Using the mean baseline value of LDL-C of the children in the intervention group, a 10% 

decrease would equate to 0.345mmol/l. Using the standard deviations obtained in this study, 

and a 5% level of significance, a sample size of 42 children in each group was calculated to 

have 80% statistical power to show a difference between this (10%) decrease in LDL-C and 

no difference in the control group. Using the same methods, a sample size of 68 adults in 

each group was calculated. While retention was high in this study, an allowance for a 10% 

drop out to account for non-collection of behavioural outcomes and non-adherence to the 

intervention would require a sample size of 46 children and 75 adults in each group. To allow 

for the participation of non-affected parents, a sample size of 80 families in each group is 

suggested. Using a 38% recruitment rate, this would require a potential recruitment pool of 

420 eligible families.  
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5.6. Discussion   

The results from this feasibility study demonstrate that it is feasible to recruit, randomise and 

retain children and their parent with FH and to implement and evaluate a specifically 

designed behaviour change intervention targeting dietary and physical behaviours. The 

results also provide evidence that the intervention and the evaluation methods are acceptable 

to children and adults with FH and that implementation of the intervention may be associated 

with favourable outcomes in selected CVD risk factors. In accordance with the evidence for 

and against the progression criteria (Table 5.18), a definitive trial is warranted, subject to the 

required refinements to the study design and intervention content identified in this study. This 

discussion will be structured in accordance with the primary objectives of the study and the 

progression criteria chosen to address each objective.  

 

5.6.1. Primary objective 1: The recruitment, randomisation and retention of children and 

their affected parents  

5.6.1.1. Recruitment 

Whilst this study did not manage to recruit 24 families in the timeframe, 88% of this 

recruitment target was reached. This is in line with the findings of a review of RCTs that 

reported while most (78%) achieved at least 80% of the recruitment target, only 55% 

achieved recruitment targets and 45% applied for an extension to the recruitment period. 

(755) The majority of families were recruited after attendance at paediatric lipid clinic 

appointments and if the scheduled dates for these clinics, held every 3 months at Bristol and 

London and 6 months at Bath, had been factored into the study recruitment period it is likely 

the recruitment target would have been met or exceeded and in a shorter time period. The 

timing of the clinics was a major factor in the four-month delay to recruit the first family and 

the inability to arrange research contact dates within the study period for four families who 

attended clinic during the last month of recruitment. This is similar to a review of RCTs 

which reported 45% of trials experienced a delay to the initial recruitment start date with 

local clinical arrangements being one of the most common reasons. (756) The future trial 

should consider the dates of upcoming paediatric lipid clinics when planning study timelines 

to maximise recruitment.  

 

Without the recruitment of the London site, this study would have only reached 71% of the 

recruitment target. The recruitment of additional sites is common in RCTs, with 45% of trials 

recruiting new centres to facilitate attainment of recruitment targets. (756) This additional site 
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was added due to a lower than expected number of eligible families at the Bristol and Bath 

sites due to an unavoidable decrease in the capacity of the FH cascade-screening service. 

Within the 2019 NHS Long Term, a target of increasing the identification of individuals with 

FH from 8 to 25% by 2024 was set which should increase the number of eligible children 

referred to paediatric clinics over the next five years. (169) Thus, it is likely that the number 

of eligible participants identified at sites in a future trial will increase throughout the 

recruitment period. However, conservative estimates of numbers should be made to allow for 

potential reductions in service capacity as experienced in this study.  

 

This study identified two important changes to eligibility criteria that increased the number of 

eligible families. Firstly, while this study aimed to recruit both adults and children with FH, it 

has demonstrated the feasibility and acceptability of non-affected parents or guardians 

participating to facilitate the involvement of the child. Therefore, while the future trial should 

prioritise recruitment of the affected parent, the option should be given for a non-affected 

parent or guardian to take part when the affected parent cannot, or does not want, to take part. 

Secondly, allowing children to participate who were not yet established on lipid lowering 

medication improved recruitment (four families). The initial reason for excluding these 

individuals was the acknowledgment that any effect of the lifestyle intervention should be 

demonstrated in a cohort of children and adults taking medication, as this is the standard care. 

However given the findings that between 27-40% of children aged over 10 years diagnosed 

with FH in the U.K. are not prescribed any medication, (228, 757) the eligibility criteria of a 

future trial should allow for these children to take part. A sensitivity analysis or sub-group 

analysis could overcome the potential differences of effectiveness in those taking and not 

taking pharmaceutical treatment.  

There are few directly comparable studies to compare the rates of recruitment with, however 

recruitment of 38% of all families invited is higher than the reported 34% in a previous CVD 

prevention lifestyle intervention carried out with adults with FH in the Netherlands (432) and 

22% for a family based intervention to reduce CVD risk in schoolchildren without FH in 

Germany. (758) The higher recruitment in the current study may reflect the involvement of 

clinicians, which has been found to positively influence parental decisions about their childs’ 

participation in trials (759). The recruitment rate was also higher than the 20-32% reported in 

RCTs testing lifestyle interventions in other adult clinical populations, even when clinical 

care teams are involved. (760-762) A recent overview of systematic reviews reported 
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personal benefits and altruism to be two of the most influential facilitators of trial 

participation decisions. (763) The higher recruitment in the present study may therefore be 

explained from the qualitative findings, which revealed that both adults and children viewed 

the study as an opportunity to improve the health of themselves, their family and others with 

FH. In line with previous research, (759, 763) the qualitative findings also revealed that 

children and adults were influenced by the participation of the other, suggesting that the 

family based approach was also a facilitator to recruitment. It is recommended that 

recruitment strategies in a future trial should emphasise these benefits and continue to ensure 

both child and parent are involved in the trial participation decision.  

While recruitment was comparable or better than previous research, it is acknowledged that it 

could be improved further using insights drawn from this study. Drawing upon participants’ 

reasons for not participating and the qualitative findings, it appears a major factor is the 

anticipated time and travel it would require which was incompatible with their other 

commitments. This is like findings from previous research carried out with children, adults 

and families that revealed additional appointments, travel time required, interference with job 

and childcare responsibilities all prevented participation in trials. (763-767) Participation in 

this study was made possible for several families in this study, across all three sites, when one 

of the research contact visits was scheduled for a date when the child was already due to 

attend hospital for their routine lipid clinic appointment. Similarly, having one of the 

appointments during school holidays facilitated recruitment. A study of participant 

experiences of taking part in National Institute of Health Research (NIHR) funded studies 

highlighted that people’s time was one of the most important factors and should be respected. 

(768) Flexibility should continue to be offered to participants in a future trial and be made 

clearer within the participant information sheets provided.  

 

The biggest factor influencing the recruitment rate in this study was non-responders. Non-

response bias is a recognised problem in research as it is widely acknowledged that ethnic 

minority and low income or education groups are less likely to participate in research in both 

adult and child populations and as a result the sample recruited may not be representative. 

(769) Accordingly, the families recruited in this study were generally well educated and of 

white European ethnicity. A Cochrane systematic review identified telephone reminders to 

non-responders as an effective strategy to improve recruitment. (770) All eligible families at 

the London site were called ahead of their upcoming appointment at the lipid clinic to inform 
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them of the new location for this recently established service, which was reported by research 

staff to facilitate recruitment as families asked questions about the study. This demonstrates 

this additional administrative task may be feasible in a future trial and could be a strategy to 

reduce non-response bias.  

 

5.6.1.2. Randomisation and retention 

All families who were recruited were successfully randomised and the control and 

intervention groups were comparable in terms of CVD risk factors and demographic 

characteristics. The retention rate of 97% demonstrates the feasibility of families completing 

the study, regardless of randomisation result. All families in the control group asked to 

receive the intervention at the end of the study indicating that this may have been a 

motivating factor to complete the study and should be offered in a future trial. This is in line 

with previous research that has found access to additional care or other HCPs positively 

influenced parents decisions for their child to participate in research. (759) The only 

participant to withdraw from the study had moved cities to attend university and was unable 

to attend the last research visit, which is unlikely to be a common occurrence in a future trial. 

However, this participant was the only child to participate on their own suggesting that the 

future trial should only recruit child-parent/guardian dyads as originally intended.  

5.6.2. Primary objective 2: The feasibility and acceptability of implementing the study 

protocol and the collection and suitability of outcome measures to assess the clinical and 

behavioural outcomes 

5.6.2.1. Implementation of protocol across the three sites 

The protocol was successfully implemented across three sites demonstrating the feasibility of 

adoption of the trial procedures across different NHS Trusts and research teams. While FK 

led the trial at the Bristol and Bath sites, the successful implementation of the trial at the 

London site provides evidence that the study could be rolled out across several NHS trusts in 

a future trial using the developed SOPs and site initiation visits. Having the support of a 

NIHR CRN funded nurse was essential in the implementation of the study and a future trial 

should seek support from this network.  

 

Accessing prescription records was not feasible at two of sites due to a lack of access to 

relevant systems and the time required to phone individual GP practices. Given the impact 

medication adherence would have upon the primary outcome of a future trial, an alternative 
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method to assess participant compliance with prescribed medication throughout the study is 

required ahead of a future trial. There is currently no gold standard for measuring medication 

adherence and researchers are advised to choose an approach, which balances reliability and 

practicality. (771) Questionnaires are low-cost and least burdensome for participants and 

there are several validated versions suitable for use in research studies. The Morisky Eight-

item Medication Adherence scale is the most accepted self-report measure, (771) is validated 

for use in a variety of clinical populations including those taking statins (772) and is therefore 

suggested as the assessment method in a future trial.  

 

5.6.2.2. Collection of valid behavioural outcome measurements 

Most adults and children were compliant with recording their dietary and physical activity 

behaviours during baseline and endpoint assessments. However, several important factors 

should be addressed to improve compliance. This study has also highlighted several 

limitations of the outcome measurement tools that should be addressed ahead of a future trial.  

 

5.6.2.2.1. Objectively measured physical activity and sedentary behaviours  

Poor battery performance of the activPAL monitors was responsible for most of the invalid 

sedentary behaviour data collected, retrospectively identified to be due to the age of the 

activPAL monitors used in this study. Manufacturer guidelines recommended that after 2 

years, activPAL monitors should be sent for refurbishment to prevent poor recording 

performance due to battery aging. (773) In a future trial, the age of activPAL monitors should 

be checked regularly and refurbished as required. The qualitative findings suggest that the 

wearing the activPAL monitor was acceptable to participants’ due to its small size and 24-

hour weartime. However, some children reported experiencing skin irritation due to the 

adhesive tape used to attach the activPAL to the leg, although it did not appear that it 

interfered with their wearing of the monitor. However, three other children reported non-wear 

of the activPAL to the research team at research contact three because of skin irritation. The 

Hypafix hypoallergenic adhesive medical dressing used in this study was in accordance with 

the manufacturer’s instructions and often used in other research. (723) While other 

hypoallergenic medical dressings are available, previous research conducted in pre-school 

children and adolescents, which used alternatives such as Tegaderm, reported 38-39% of 

participants experienced skin irritation. (774, 775) No adults in this study reported skin 

irritation, similar to previous research in which low levels (5%) of skin irritation have been 

reported. (776) While it is a recognised source of non-compliance, surprisingly little research 
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has been conducted to identify alternative attachment methods. Preliminary research has 

suggested the use of an elasticated pouch to attach the ActivPAL to the leg may be a valid 

alternative. (777) However, this validity study was carried out in a small sample of adults and 

the authors indicated that the findings might not be generalizable to children or over multiple 

day recording periods. (777) Lower rates of skin irritation have been found in a study in 

which the monitor had to be removed for bathing and swimming. (774) Additionally, 

research has found that providing alcohol pads to clean skin before attaching the activPAL 

resulted in higher wear-time. (775) While participants in this study were provided with 

additional tape to change the tape up to seven times during each recording period, it was 

often returned to the research team. Together these findings suggest that continuous wear of 

the tape may promote skin irritation. A future trial could promote compliance and reduce 

occurrence of skin irritation by encouraging removal of the device for showering and 

providing alcohol wipes to clean the skin before re-application.  

 

Adults were compliant with wearing the ActiGraph accelerometer, similar to the findings of 

previous research. (778) Non-wear of accelerometers has been reported to be more of an 

issue in research conducted in children, with a systematic review reporting that the average 

compliance to wear-time protocols in RCTs was 77.3% at baseline and 70.4% at follow up. 

(779) The qualitative findings in this study revealed that children found the Actigraph 

monitor inconvenient to wear during certain activities, forgot to put back it on after 

showering and some also felt self-conscious about wearing it, in line with previous research. 

(780) However, most reported this to be a minor inconvenience, which is reflected in the 

collection of at least four days of valid data from 90.9% and 85.7% of children at baseline 

and endpoint, respectively. This may be the result of participants having to return the 

monitors in person at a research visit rather than via post, the use of log-books, a member of 

the research team calling to remind participants of the endpoint recording period and the 

knowledge that they would get to see the results at the end of the trial, all of which have been 

related to increased compliance in children. (780, 781) A future study could maximise 

compliance by offering different sizes of waistbands for children as the qualitative findings 

highlighted that the excess material contributed to children feeling self-conscious.    

 

One of the uncertainties to be addressed in this study was the suitability of the criteria used to 

define a valid day and week, to achieve the best compromise between the amount of data 

included in the analysis and the reliability of the data (706) as described in Appendix 5.13 
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and 5.15. Reducing the minimum daily wear time and number of valid days has been found to 

increase the amount of valid data for analysis in other studies using activPAL (723) and 

Actigraph monitors. (707, 712) However in this study, it would have resulted in little 

difference as the majority of reasons for data exclusion were non-participant related and those 

who did not wear the monitors tended to not wear them for most or all of the recording 

period. The seven-day wear-time protocol resulted in the collection of six or seven days of 

valid physical activity and sedentary time data from most participants. A future trial should 

continue to adopt a seven-day wear protocol and if similar compliance is found, then the 

minimum number of days could be increased to five days as it has been reported that 

additional valid days increase the reliability of results collected. (712, 723) 

 

Another uncertainty this study aimed to address was the use of physical activity log-books 

and the choice of the algorithms to identify non-wear and sleep in the data collected from the 

ActiGraph and activPAL monitors. During data processing, the log-book data was used 

frequently to correct misclassified periods of non-wear and sedentary time identified in the 

Actigraph data, most often in data collected from children. This is in line with findings that 

log-books improved the accuracy of wear-time classification identified in data from children, 

(782) but not from adults. (783) The algorithm chosen was based on best practice 

recommendations for children and adults, (706, 784) however it is recognised that no 

algorithm will correctly identify all periods of wear-time and log-books are one 

recommended method of improving accuracy. (784) Additionally the log-books were 

essential to prevent ‘mail-days’ being included as wear days as also reported in previous 

research. (785)  

 

There is a lack of empirical evidence to recommend the most suitable way of identifying 

sleep and non-wear time for exclusion ahead of analysis of activPAL data. (723) The 

validated algorithm used in this study offers advantages to more commonly used unvalidated 

methods, which would rely on the self-reported sleep and wake times recorded in the log-

books. (724) The qualitative findings revealed that participants doubted the accuracy of sleep 

and wake times recorded in the log-books, supporting the use of the selected algorithm in a 

future study. The other intended use for the log-books was to identify periods of non-wear 

due to removal of device to participate in physical activity. Treating these periods as non-

wear has been found to reduce mean daily MVPA and proportion meeting PA 

recommendations in children. (782) However, this was only reported on two occasions and 
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therefore the data was kept as non-wear as it would have minimal effect on the overall 

results.  It is likely that in a future study, with a bigger sample size, the occurrence will 

increase and may have to be considered during data analysis. Taken together these findings 

support the use of log-books and selected weartime algorithms in a future study.   

 

5.6.2.2.2. Self-reported physical activity 

A quarter of IPAQ questionnaires completed by adults were excluded due to implausible 

amounts of physical activity reported (>960 minutes a week). Additionally, while the results 

were not directly compared to objectively measured MVPA and sedentary times, the mean 

values indicated that participants tended to over-estimate MVPA and underestimate sedentary 

time, in line with previous research. (438, 786, 787) Valid questionnaire data was collected 

from nearly all children, although the study revealed two important factors influencing the 

accuracy of the results. Firstly many children completed the questionnaire during school 

holidays and the PAQ-A/C questionnaire is structured around a school-day and is not 

validated to be used during non-term time. (729) Secondly, it was developed and validated 

for use in Canada and due to climate and cultural differences many of the sports listed in the 

first question, such as cross-country skiing, are not applicable. While previous research has 

adapted the questionnaire for English populations, future testing is required to confirm 

sufficient validity. (788) Furthermore, while cut-off values for the summary scores have been 

developed to identify those who achieve 60 daily minutes of MVPA, these cut-offs need 

further testing and the results would not allow for a comprehensive assessment of any 

changes in MVPA or sedentary behaviours. (789) While alternative questionnaires exist, a 

recent systematic review published after the protocol development for this study concluded 

that no conclusive evidence of reliability or validity exists for any physical activity 

questionnaire for children under 18 years old. (790) 

 

If the suggested protocol amendments are made, this study has demonstrated that the use of 

physical activity accelerometers to objectively measure physical activity and sedentary 

behaviours are acceptable and feasible for use in a future trial. Given the identified issues in 

the physical activity questionnaires used in this study and the widely recognised inaccuracy 

of any self-report measure compared to objectively measured physical activity and sedentary 

time, (438, 708, 790) it is unlikely asking participants in a future trial to complete the 

questionnaires will provide any additional useful data. As trials are recommended to reduce 
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any unnecessary burden to participants, (765, 768) a future trial should not include these 

questionnaires.  

 

5.6.2.2.3. Dietary intakes 

While all adults completed at least three days of valid dietary intake, the qualitative findings 

revealed that adults found the intake24 tool difficult to use and time consuming, which 

compromised the accuracy of the data they recorded. Children experienced frustration with 

the lack of food and portion size options, a similar finding in field-testing research carried out 

by the intake24 developers. (791) This may have contributed to the slightly higher number of 

children who did not complete at least three days of valid dietary intake data. However, the 

proportion of children with missing data is lower than those reported in previous research in 

children. (791, 792) Following best practice recommendations, intake24 was one of two tools 

identified to be suitable for use in this research. (704, 705) The other was Myfood24, a 

similar online 24-hour recall dietary assessment tool, (705, 793) which has undergone 

comparable validation studies in children and adults. (794, 795) Furthermore, it has been 

found to be highly acceptable across extensive usability testing carried out with British adults 

and children. (793, 796) The use of Myfood24 in a future trial could address several of the 

issues raised by participants in the qualitative interviews due to the following features: a 

larger food database of 45 000 food items versus intake24’s 28 000; a user friendly recipe 

builder; 6000 portion size pictures versus 2500 in intake24 and the current development of 

smartphone app. (793) A qualitative study of a clinical population who used myfood24 

reported high acceptability, however issues inputting recipes and having to complete all 

entries at the end of day were still apparent, as found here. (797) Given the potential for 

improved acceptability, and therefore potentially accuracy, the future trial should consider 

using myfood24 instead of intake24. Participants in the current study indicated in their 

consent forms that they could be contacted about future research trials and they could be 

asked to provide feedback on the Myfood24 tool in comparison to intake24.  

 

A further advantage of using Myfood24 is its measurement of fibre using the AOAC method, 

as opposed to the out-dated Englyst method in the food database used by intake24. A 

recommended conversion factor of 1.33 (798) was used in this study to estimate the 

equivalent total fibre intakes as measured by the AOAC method, which includes other types 

of carbohydrates. However this conversion factor has not been validated and has been found 

to underestimate total fibre intakes. (799) Myfood24 also includes composite dishes when 
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estimating total fruit and vegetables consumed which is not yet available in intake24. Many 

of the goals set with participants in this study were focussed on incorporating vegetables into 

meals and including these foods has been reported to significantly increase the average daily 

portions of fruit and vegetables in adults and children. (800, 801) Therefore using Myfood24 

may be a more accurate tool to detect changes in fibre and vegetable intakes, which are two 

of targets of the intervention. Neither tool captures intakes of plant stanols and sterols and 

while participants were questioned about intakes in the week preceding research contact two 

and three this does not capture their intake over the 12-week intervention period. All 

participants in the intervention were asked to complete a plant sterol and stanol checklist to 

improve compliance and these should be collected in a future trial to assess compliance with 

this dietary goal.  

 

Research has found that adolescents exhibit more day-to-day variation in food intake and 

increasing the number of recording days will likely provide a more reliable estimate of 

habitual intake in a future trial. (802) Less commonly consumed nutrients targeted by the 

intervention in this study, such as cholesterol and PUFA, may require five to six days of 24-

hour dietary recalls. (803) However, compliance with online dietary assessment tools has 

been reported to fall with increasing number of days, with one study finding only 34% of 

participants completed four days. (791) However as between 75-77% of adults and 86-100% 

of children in this study who were compliant with the dietary recording completed four valid 

days, it may be feasible to increase the recording period to five days in a future trial and 

increase the minimum number of days to be included in analysis to four. In line with intake24 

usability testing research, the most common reason participants gave for completing three 

days as opposed to four was forgetfulness. (791) Therefore a future trial could utilise text or 

email reminders to prompt participants, an approach found to increase completion of health 

surveys in other studies. (804) 

 

5.6.2.2.4. Impact of the school holidays  

An important finding from this study is the significance of the timing of the baseline and 

endpoint dietary and physical activity recording periods. The qualitative findings highlighted 

that participants in the intervention group found it difficult to stick to the physical activity 

and dietary goals set when their routine changed during school holidays. The dietitians also 

reported that much of the physical activity reported by children occurred during sports clubs 

or school physical education lessons, which did not continue during school holidays. This is 
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of importance because six out of the 10 children in the intervention group, and two of 12 in 

the control group, recorded baseline measurements during term time and the endpoint 

measurements during school holidays. Previous research has found that children and 

adolescents tend to engage in less MVPA, are more sedentary and have unhealthier diets 

during school holidays. (805, 806) It is therefore likely that comparison of pre- and post- 

intervention data are not comparative timepoints. This finding should be taken in account in a 

future trial. However, children are on school holidays approximately 25% of the year and 

changes over the holidays have been found to lead to weight gain and a reduction in cardio-

respiratory fitness. (807-809) As the intervention is intended to promote long-term lifestyle 

changes, it seems more appropriate to instead change the content of the intervention to enable 

participants to achieve lifestyle goals during all times of the year, which will be discussed in 

section 5.6.3.3. 

 

5.6.2.3. Collection of valid clinical outcome measurements 

Body composition data was not collected from most participants in the study due to 

unavailability of the Tanita bioimpedance scales at two of the sites. There are other methods 

to estimate body composition but bioelectrical impedance analysis is commonly used in 

research due to its ease of use, patient acceptability and relative low cost. (810) Given the 

findings of a reduction in BMI amongst children in the intervention, including measures of 

body fat percentage and fat free mass in a future trial is warranted as these measures have 

been found to influence the serum blood lipid levels of children with FH, (395) and moderate 

the influence of physical activity interventions upon blood lipid measures in children without 

FH. (362-364) 

 

A ceiling effect was observed with the HRQoL data collected from adults using the EQ-5D-

3L questionnaires in which all adults selected the maximum scores. This has been reported in 

several studies using this questionnaire and the use of the newer EQ-5D-5L has been found to 

reduce the ceiling and improve discriminatory power through its choice of five options for 

each dimension of health as opposed to three. (811) This version should be used in a future 

study.  

The qualitative findings revealed that having a blood sample taken was the least enjoyable 

part of the study for some children and prevented one child from joining the study. However 

only two children refused to have blood samples taken and they stated this before they 
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consented into the study. The willingness of the children to give two blood samples may have 

been influenced by being used to giving blood samples at their routine clinical appointments, 

the provision of topical anaesthetic cream and paediatric phlebotomy nurses. Previous 

qualitative research conducted in parents of children with FH highlighted the importance of a 

child-friendly setting when taking blood samples. (507) Additionally, for participants who 

attended a research contact near to or on the same date as a routine clinical appointment, the 

research bloods collected were able to be used for clinical purposes reducing the number of 

extra blood samples required from participating in the study. Therefore, a future study should 

continue to conduct research visits within paediatric outpatient settings, utilise nurses with 

paediatric phlebotomy training and arrange research contact dates to align with routine 

appointments where possible.  

5.6.3. Primary objective 3: The feasibility and acceptability of implementing the 

intervention as intended  

At this feasibility testing stage, the assessment of implementation of the intervention aimed to 

explore the extent to which the intervention could be delivered as intended in practice and 

evaluated the participants’ acceptability of its delivery and content. The implications of the 

findings for a future trial are discussed.  

 

5.6.3.1. Adaptations to the implementation of the intervention  

The results of the process evaluation demonstrate the feasibility of implementing the 

intervention across three sites and when delivered by two dietitians. The degree of adherence 

to delivering each section of each session and the BCT were higher than previously reported 

in other behaviour change interventions targeting healthy eating and physical activity in 

adults with FH, (434) and children and adults without FH. (812-814) The high adherence may 

be reflective of the comprehensive resources developed for use by the dietitians in this study 

and their previous dietetic experience in which many of the included BCT are delivered as 

standard practice. (640, 815) However, this study relied on self-reported measures of fidelity, 

which may be subject to bias. (594) A future trial should incorporate an independent 

assessment of fidelity such as observation of sessions, which is considered the gold standard 

method. (594, 816) 

 

The omission of BCT or session content due to a lack of time or resources occurred 

infrequently. Timing issues, with the dietitian at the Bristol site unable to include all sections 
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of the intervention content, only occurred during delivery of intervention to the first two 

families. A future trial should endorse a ‘practice run’ of the intervention to ensure the 

dietitians are able to include all components from the first session onwards. The dietitian at 

the London site did not have access to the dietary intake and clinical measurements ahead of 

delivering the intervention to the families but was able to deliver this information instead 

during the follow-up session. A future study should ensure clear communication within and 

between sites to guarantee that all relevant information can be sent ahead of time.  

 

Most adaptations to the implementation of the intervention ‘as intended’ were in response to 

the individual needs of participants. The magnitude to which interventions should be adapted 

across different contexts is heavily debated, as it is argued that adaptations may have negative 

implications for its effectiveness as it may attenuate its effects upon the mechanisms of 

actions. (241) The counter argument is that as long as the adaptations do not undermine the 

interventions proposed mechanisms of action it may beneficially influence the outcomes. 

(817) Regardless of the approach taken, it is recommended that any adaptations made to an 

intervention should be assessed. (816) As detailed in Chapter three, the BCT selected for 

inclusion in the intervention were based on the application of the behaviour change wheel 

(BCW) and the theoretical domains framework (TDF) to the findings of a qualitative 

evidence synthesis (QES). This allows for exploration of the potential impact of the 

adaptations found to be made in this study.  

 

The two BCT commonly omitted by both dietitians were demonstration of the behaviour and 

graded tasks. These were included to target the physical skills domain of the TDF as the 

findings from the QES highlighted that individuals with FH often lacked the skills to prepare 

suitable meals. (440) In practice, this domain was adequately addressed through other BCT 

included to target this domain such as ‘instruction to perform behaviour’ as participants were 

equipped with enough skills. However, it is likely that in a larger more diverse sample there 

may be participants who do require additional help for whom this BCT will be required to 

increase their cooking skills to enable behaviour change.  

 

The dietitian at the Bristol and Bath sites did not include the BCT ‘self monitoring of 

behaviour (prompt to)’ to many of the participants during follow-ups three and four. This was 

in response to participants reporting not using the self-reflection diaries at the previous 

session. This BCT was included to address three domains of the TDF, one of which was 
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behavioural regulation. While other BCT to target this domain were successfully delivered, 

the qualitative interviews revealed that many participants still struggled to regulate their 

behaviour in certain situations. Thus, it is likely that omission of this BCT may undermine 

the interventions proposed mechanism of action. Self-monitoring of behaviour is also one of 

few BCT with substantial evidence to support its effectiveness in promoting physical activity 

and dietary behaviours. (818, 819) The qualitative findings revealed participants did not have 

time to complete the weekly self-reflection diaries. In a future trial, participants engagement 

with the self-reflection diaries could be increased by asking them to complete only four over 

the 12-week period- once before each follow up session and dietitians should be encouraged 

to continue to prompt self-monitoring of behaviour. 

 

The last major adaptation made to the intervention ‘as intended’ was not delivering follow-up 

session four to participants, which will be discussed in section 5.6.3.3.  

 

5.6.3.2. Approach to adaptations in a future trial  

There is no consensus or empirical evidence to recommend the extent to which interventions 

are allowed to be adapted and the MRC guidance states that researchers must clearly state 

their justifications for their approach taken. (241) It is recognised that if this trial were to 

proceed to full scale evaluation and potentially be scaled up to be delivered across the U.K., it 

would be delivered across a variety of contexts and received by a variety of individuals and 

thus permitting a degree of flexibility toward adaptation would be a more realistic and 

pragmatic approach. (241) A recent review identified that tailoring interventions to the local 

context in which they are delivered, including community characteristics, is associated with 

the successful scaling up of health interventions. (248) Additionally, shared decision making, 

in which the ‘patients preferences, personal circumstances, goals, values and beliefs’ are to 

be brought together with a clinician’s expertise is advocated within the NHS. (820) Current 

NICE public health guidance promotes the tailoring of behaviour change interventions to 

meet participants’ needs including their motivation to change and the context in which they 

live and work. (821) Therefore, the adaptations perceived to be required by dietitians to suit 

the needs of each individual participant, and the unique context in which they engage in 

dietary and physical activity behaviours, should be permitted in a future trial. Any 

adaptations made should continue to be reported at regular intervals throughout the trial so 

that the potential effect upon the underlying mechanisms of action can be evaluated.  
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5.6.3.3. Participant acceptability of the intervention  

The qualitative findings provide evidence that families were highly accepting of the 

intervention content and the changes they were encouraged to make to their lifestyle 

behaviours. This acceptability was driven by increased knowledge, motivation and a positive 

change in attitude towards the role of lifestyle in the treatment of FH. Many of the BCT 

included in the intervention were to target the TDF domains Knowledge and beliefs about 

consequences in recognition that individuals with FH were found be sceptical of the need to 

follow lifestyle guidelines and often had incorrect knowledge of what they were. (440) Given 

that every adult had received dietetic advice previously upon their diagnosis of FH, this 

finding suggests this specifically designed behaviour change intervention for individuals with 

FH has advantages over routine dietetic advice provided in an outpatient lipid clinic.  

 

The acceptability of making lifestyle changes was driven largely by the family-based delivery 

of the intervention, with parents and children finding the other family member a source of 

continuous support and motivation. Family-based approaches to interventions have been 

found to be associated with increased adherence to lifestyle treatment in Type II diabetes, 

(822) and is the recommended approach in cardiovascular health promotion. (625) The 

intervention content aimed to address the findings from the QES of the importance of the 

influence of the family environment upon lifestyle behaviours in individuals with FH. (440) 

While empirical evidence to support the involvement of parents in dietary interventions for 

children is mixed, (823, 824) this study suggests that it is fundamental in the acceptability of 

an intervention for families with FH. In addition to providing support, parental involvement 

was vital as parents purchased most of their food, prepared meals and took them to sports 

clubs. Having a parent knowledgeable and accepting of dietary changes has been found to be 

fundamental in enabling children to attain dietary goals, (767, 825, 826) and changes in the 

family food environmenthave been linked to improvements in fat, fruit and vegetable intakes. 

(827, 828) Furthermore, the evidence in support of the role of parental involvement in 

interventions targeting physical activity and sedentary behaviours is much more conclusive. 

(829, 830) For parents, having their child taking ownership of their lifestyle choices instead 

of being told what to do increased the feasibility and maintenance of changes, as reported in 

previous family based interventions. (767) Additionally, promoting the lifestyle changes to be 

adopted by the whole family further facilitated feasibility for parents who only needed to 

cook one meal for the whole family, similar to previous qualitative research of facilitators to 

diet adherence in a family based CVD prevention trial. (831) These findings emphasise the 
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importance of delivering the intervention to children and parents together and involving non-

affected parents if the affected parent does not wish to take part.  

 

Very few participants raised the topic of financial considerations when asked about their 

experiences of the intervention and for those that did, it was not perceived to be a barrier to 

making lifestyle changes. This is of particular relevance for the plant sterol and stanol dietary 

goal of the intervention as in previous trials conducted in children and adults with FH, 

fortified products were provided for free. Little is known about the feasibility and 

acceptability of asking individuals to purchase these products themselves and cost has been 

identified as a barrier towards purchase amongst adults without FH. (832) Both dietitians 

reported that the adult participants stated that while they had been aware of these products, 

they were unsure if they were appropriate in the treatment of their condition. It may be that 

providing individuals with the knowledge about the potential cholesterol lowering properties 

of these products in a FH context may increase the acceptability of spending money on these 

products. However, the participants in the current trial were highly educated which is 

indicative of higher socioeconomic status and these findings may not be generalisable to the 

wider FH population.  

 

The results of this study suggest that the intervention may be associated with improvements 

in dietary intakes but positive trends may be less apparent for physical activity levels and 

sedentary behaviours. Furthermore, the intervention was associated with a trend towards 

decreased HDL-C concentrations, when other research amongst individuals without FH has 

reported HDL-C to increase in response to increasing levels of physical activity. (341) During 

the qualitative interviews, participants tended to focus more on the dietary component of the 

intervention as opposed to physical activity, suggesting this was their bigger focus. Parents 

and children also reported finding making changes to their physical activity and sedentary 

behaviours to be more challenging, especially for those who categorised themselves as 

‘inactive’, in line with previous research. (833, 834) For parents, especially mothers, a lack of 

time due to other commitments was a major barrier to increasing their physical activity, a 

common finding in other studies. (767, 831, 833, 834) The acceptability and feasibility of 

making changes to the diet but not physical activity may be a result of a combination of 

several factors. Firstly, the BCT chosen for inclusion in the intervention were largely based 

on barriers to making dietary changes as participants in the studies included in the QES rarely 

mentioned physical activity when discussing their treatment. (440) Secondly, the physical 
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activity section of the intervention was a very small component of the initial and follow-up 

sessions and was delivered at the end of all sessions. Lastly, while participants received 

feedback about the disparities between their dietary intakes and the recommendations at the 

initial session, this was not possible for physical activity, as this data had not yet been 

analysed. Both dietitians reported not setting as many goals for the physical activity for 

children as both children and their parents believed they were already achieving the 

recommendations. Previous studies have found that parents of inactive children over-estimate 

the time their child spends in physical activity, wrongly classifying them as meeting the 

recommendations (835-837) as do children themselves. (835) Given the low rates of children 

meeting the recommendations in this study, and in general across England, (838) a future 

study should aim to increase awareness by providing information about physical activity 

levels in comparison to the recommendations at the first follow-up session. Additionally, 

more information about what counts as moderate to vigorous activity should be incorporated 

into the intervention, (836, 839) and the physical activity component could be delivered at the 

start of the initial session to promote engagement.  

 

The participants valued the follow-up sessions, as they were a source of additional 

knowledge, support and motivation as previously found in a lifestyle intervention offering 

follow-up support. (761) These follow-ups also facilitated the step-wise approach to 

achieving personalised goals, which was identified as another driver of acceptability in this 

study. Participation at these sessions was higher than reported for face-to-face follow up 

sessions in a previous dietary intervention for children and parents with high cholesterol. 

(840) This is reflective of the follow-ups taking place over the phone which was reported to 

be highly accepted by participants as they could fit it into their busy schedules. The lower 

engagement with the fourth session reflects the perception of some participants that this last 

session offered little value as they were achieving the goals set and did not require further 

support, as reported in process evaluation of a previous lifestyle intervention delivered to 

adults with FH. (434) However many participants struggled to maintain lifestyle changes 

when their routine changed, as reported in other lifestyle interventions delivered to children 

and adults. (767) As this intervention aims to promote life-long adherence to healthy 

behaviours, the fourth follow-up session should continue to be implemented but be changed 

to become a ‘next steps’ session in which the focus is upon how the participants will continue 

with long-term maintenance of the goals set during holidays. 
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5.6.4. Limitations and future research  

The generalisability of these findings to families attending other lipid clinics across England 

is unknown as the participants recruited to this study were highly educated and mostly white 

Europeans. However, this may be reflective of the general demographic for families who 

participate in cascade testing and attend specialist paediatric clinics. Only 8% of individuals 

estimated to be affected by FH in England and Wales have been identified. (169, 841, 842) 

The access to screening and subsequent referral into a specialist adult or paediatric lipid clinic 

is reliant upon such a service being well established, which is not the case across all NHS 

Trusts in England and Wales. (841) Furthermore, identified barriers to participants taking part 

in cascade screening have included low motivation, family dynamics, fear of outcomes of 

diagnosis and insufficient knowledge. (463, 843) It is therefore unlikely that children and 

adults who seek out testing and treatment in specialist paediatric clinics are a representative 

sample. Further research to identify disparities in the access and uptake of cascade testing and 

treatment is needed. (841) 

 

While a rigorous methodological approach was taken for the qualitative analysis to increase 

the trustworthiness of the results, the potential influence of the role of the researcher is 

unavoidable. (693, 694) The prior relationship of the researcher with the participants may 

have predisposed the participants to provide answers they believed the researcher was 

looking for. Additionally, while data saturation was achieved from the data collected from 

participants recruited from the Bristol and Bath sites, no participants from the London site 

were included in the qualitative sample. Their experiences of the trial and intervention may 

have been different as these were delivered by a different research team. Furthermore, the 

two families who received the intervention at the London site were of Asian ethnicity and 

their acceptability of the intervention content may have been different, especially as the 

dietitian highlighted the lack of cultural foods included in the booklets. Similarly, only one 

family who declined participation in the trial agreed to take part in a qualitative interview and 

thus there may be other reasons for not taking part in the trial. The inability to achieve data 

saturation has implications for the validity of the findings. (679) The participants of the trial 

agreed to being contacted about future research and it may be advisable to invite the families 

at the London site to take part in qualitative interviews to examine if any new information 

arises from this data which would act to increase the validity of the results obtained in this 

study and may identify further refinements required ahead of a future trial. (679, 844) 
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While the dietary assessment tools intake24 and myfood24 have been found to have close 

agreement with interview-led 24-hour recalls, when validated against objective markers they 

were found to underestimate energy intake by approximately 25%. (698, 795, 845) No dietary 

assessment tool has yet been found to overcome problems of underreporting and although 

there are some methods to identify under-reporters, debate remains about the accuracy of 

these methods and the suitability of excluding these data as it may introduce bias. (704, 846-

849) Therefore any data collected in a future trial should be evaluated with caution, taking the 

recognised issues associated with self-reported dietary intakes into consideration. (802) Due 

to the prevalence of under and misreporting across all methods of dietary assessment, it is 

recommended that estimates of dietary intake should be independently validated using an 

objective measure. (802, 850) Plasma, processed from blood samples collected from 

participants at research contacts two and three, was intended to be analysed to measure 

carotenoids, fat soluble vitamins and 37 different fatty acids to provide an objective measure 

of compliance with the dietary component of the intervention. (851) However, due to 

COVID-19, this analysis was unable to take place in time for inclusion in this thesis. Such 

analysis should be included in a future trial, along with analysis of plasma phytosterol 

concentrations to provide an objective measure of adherence with the plant sterol and stanol 

dietary goal. (852) 

 

The measures of implementation used in this trial can demonstrate the degree to which the 

intervention components were delivered to participants. However, they cannot measure the 

extent to which the participants engaged with and understood the information provided or 

their ability to implement the specific behavioural skills or motivational state at the 

appropriate time i.e. problem solving or reframing techniques. (816) Despite 

recommendations that these measurements should be included, systematic reviews have 

found that only between 17-50% of complex health behaviour change interventions report 

measures of engagement. (594, 853) The dietitians kept detailed records of the goals set with 

participants, their progress throughout the 12 weeks, barriers faced and strategies used to 

overcome them. Furthermore, all participants completed a ‘health and beliefs’ questionnaire 

(Appendix 5.21), which was developed for use in this study to explore changes in knowledge, 

attitudes and motivation. These were identified in the intervention development process as 

being three of the main constructs that the BCT aimed to target. It was beyond the scope of 

this research to analyse these data, but they should be evaluated in a future trial to allow for a 

more comprehensive evaluation of intervention implementation. These measures would also 
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facilitate an in-depth evaluation of the delivery of follow-up sessions via emails as opposed to 

phone calls, which was not explored in the present research. While consensus of the best 

methods for evaluating the implementation of interventions delivered electronically is 

lacking, and very few studies of this type report on any measures, (854) published examples 

endorse the use of both delivery and engagement measures. (855-857) 

 

5.6.5. Conclusion   

This study has addressed the main uncertainties ahead of a definitive trial and if the identified 

refinements are made to the study design and intervention content then a fully powered 

randomised controlled trial is warranted. The sample size required for such a trial, with LDL-

cholesterol as the primary outcome, would require a multi-centre approach but the numbers 

are certainly manageable in the context of a NIHR Health Technology Assessment (HTA) 

trial.  
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Table 5.18 Summary of evidence for and against progression criteria to inform decision to proceed to a future trial using outcomes collected in this feasibility 

study 

 
Research questions and progression criteria  Evidence supporting decision  Evidence against decision  Amendments or improvements to be made ahead of 

fully powered trial to overcome evidence against  

Can 24 young people and their affected parent 

be recruited into the trial? 

Twenty-one families recruited within timeframe, 88% of 

the target of 24 

-Three families consisted of affected child and non-

affected parent/guardian  

-Third site required to be added 

-Allow non-affected parent/guardians to take part to 

facilitate participation of child 

-Take paediatric clinic dates into account when planning 
recruitment periods 

-Allow children not yet commenced on pharmacological 

treatment to take part and sub-group analysis undertaken 
when evaluating changes in blood lipid parameters  

Are individuals with FH willing to be 

recruited into the trial? If not, what are their 
reasons 

-Individuals motivated to take part as they viewed it as 

an opportunity to improve the health of themselves, 
their children and others with FH  

-Individuals also motivated to take part as their affected 

family member wanted to 

-Of those invited, 38% were willing to take part 

-Biggest factor was non-response 
-The time commitment required was another common 

reason for not taking part 

-Telephone reminders to individuals about the trial 

ahead of routine clinical appointments 
- Ensure flexibility when organising research contact 

dates with individuals  

-Schedule one research contact date to align with routine 
clinical appointment where possible 

-Research contact dates within school holidays to 

continue to be offered  

Will participants complete the trial?  -Retention of families was 97%  
-All families attended all three research contacts 

-One child participant who took part without a parent 
withdrew as moved cities to attend university 

-Child participants must take part in trial with parent or 
guardian  

Can the protocol be implemented across the 
three sites?  

-Protocol successfully delivered across three sites  
-London site able to implement protocol using the SOPs 

created and a single site initiation visit  

-All families who completed the study attended all three 
research contact visits  

 

London and Bath sites were unable to check GP records 
to assess medication adherence  

-Medication adherence to be assessed via participant 
self-completed questionnaire 

Can valid clinical outcome measurements be 

collected from participants during both 

baseline and endpoint assessments? 

-Valid outcome measures collected from >80% of 

participants at baseline and endpoint for most 

behavioural and clinical outcomes 

-Valid body composition outcome measures only 

collected from participants at Bristol site due to lack of 

equipment at other sites 

- Collection of valid sedentary behaviour outcome 
measurements low for children and adults 

-Collection of valid physical activity and blood lipid 

profile outcome measures low for children  
-Collection of valid self-reported physical activity 

outcome measures low for adults  

-Ceiling effect within the descriptive system of the adult 
HRQoL questionnaire  

-Individuals encouraged to regularly change adhesive 

plasters used to attach activPAL monitor to leg and to be 

provided with alcohol wipes to clean skin  

-All activPAL monitors to be refurbished before use in 
trial and battery life regularly checked 

-Offer different sizes of waistband to wear Actigraph 

monitor  
-Ensure trial is adopted by the clinical research network 

(CRN) portfolio to ensure research nurse support to 

facilitate collection of blood samples  
-Use the EQ-5D-5L version of the HRQoL 

questionnaire for adults  

Self-report physical activity questionnaires not to be 
used  

Are the selected behavioural outcome 

measurement tools suitable for assessing 

changes in dietary intakes and physical 
activity levels? 

-The measurement tools collected data to address each 

of the dietary and physical activity recommendations for 

individuals with FH  
-Log-books essential to help interpret physical activity 

and sedentary behaviours data collected using ActivPAL 

and Actigraph monitors 

-Invalidated conversion factor used to convert fibre 

intake to values comparable with recommendations  

-Vegetables and fruits consumed as part of composite 
dishes not included in estimates of fruit and vegetable 

portion intake 

-Physical activity questionnaire for children not 
appropriate for use out of school term time or for 

English culture  

-Many adults over-estimated physical activity using the 
self-report questionnaire making them invalid 

-Use of Myfood24 instead of intake24 dietary 

assessment tool 

-Physical activity questionnaires not to be used, 
objective measures only  

-Continue to ask participants to complete physical 

activity log-books  
-The impact of changes in dietary and physical activity 

behaviours during school holidays to be considered if 

one assessment period occurs during school holidays 
and the other assessment does not. Intervention to 
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-Physical activity and dietary behaviours differ during 
school and non-school term time for children  

increase focus upon enabling participants to be able to 
maintain changes during school holidays.  

Is the design of the trial and the outcome 

measures acceptable to patients with FH? If 
not, what are the reasons? 

-High retention (97%) 

-Participants compliant with protocol and collection of 
outcome measures.  Majority of invalid or non-collected 

outcome measures were due to trial design  

-Adhesive plasters used to attach ActivPAL device to 

leg irritated skin 
-Intake24 was perceived as frustrating and time 

consuming to use 

-Inconvenient having to travel to the hospital for three 
research contacts 

-Blood tests perceived to be unenjoyable  

- Individuals encouraged to regularly change adhesive 

plasters used to attach ActivPAL monitor to leg and to 
be provided with alcohol wipes to clean skin 

-Use of Myfood24 dietary assessment tool instead of 

intake24 
-Email/text prompts to remind participants to complete 

dietary intakes  

- Schedule at one research contact date to align with 
routine clinical appointment where possible 

-Child blood tests continue to be carried out by 

paediatric phlebotomists in a child friendly setting 

Can the two research dietitians deliver the 
initial and four follow up sessions to each 

family randomised to receive the intervention 

and will each family participate in each 
session? 

-Dietitians delivered initial face-to-face session and first 
three follow-up sessions to all families  

-Fourth follow-up session not delivered to most 
families, in response to participants feeling they did not 

require this session 

-Fourth follow-up session to become a ‘next steps’ 
session to encourage participants to participate  

-Continue to offer telephone or email follow-up sessions 

as this facilitates participation  

Can the two research dietitians deliver the 

initial and four follow up sessions as per 
protocol in terms of the sections and BCT?   

 

Are adaptations required to be made to the 
intended content and/or delivery of the 

intervention? If so, why are the adaptations 

made and do they potentially undermine the 
proposed mechanisms of effect?  

-Dietitians delivered intervention to ten families with 

high fidelity to the sections and BCT, with most 
adaptations being made in response to the individual 

needs of each participant  

-Most adaptations made in response to individual 
participants were not felt to undermine the proposed 

mechanisms of effect 

-Omission of certain sections of content in initial session 

to first two families at the Bristol site due to a lack of 
time 

-Omission of BCT due to unavailability of clinical and 

dietary data at the London site 
-The exclusion of the BCT self-monitoring of behaviour 

(prompt to) may undermine the proposed mechanism of 

effect  

-All dietitians to participate in a ‘trial run’ ahead of 

delivering intervention to a family to ensure all content 
can be delivered within 60 minutes  

-Ensure clear communications between and within 

research teams to facilitate provision of clinical and 
dietary data ahead of intervention delivery  

-Dietitians to ensure delivery of BCT  self-monitoring of 

behaviour (prompt to) is delivered in each follow-up 
session 

Is the delivery and content of the intervention 

acceptable to participants?  If not, what are the 

reasons?  
 

Does the information provided to them make 

sense to them and facilitate their attainment of 
the dietary and physical activity changes? 

 

Are the changes they are being asked to make 
feasible and acceptable to them? If not, what 

are the reasons?  

-Qualitative interviews revealed families were highly 

accepting of the delivery and content of the intervention 

and were willing and able to make changes to their 
dietary and physical activity behaviours 

-Participants struggled to adhere to goals when routine 

changed such as during holidays 

-Changing physical activity related behaviours was 
more challenging for those who had  previously been 

inactive  

-Making dietary behaviour changes appeared to be a 
more prominent focus for participants  

-Fourth follow-up session to become a ‘next steps’ 

session to address concerns regarding how they can 

maintain behaviour changes when routine changes 
during holidays 

-Physical activity to be covered first in the initial and 

follow-up sessions to emphasise the importance of this 
component of the intervention 

-Participants to be provided with personalised feedback 

of how current physical activity levels compare with 
recommendations at first follow-up session as the data 

should be analysed by then 

SOPs, standard operating procedures; HRQoL, health related quality of life; BCT, behaviour change technique 
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Chapter 6 

Discussion 

6.1. Overview of chapter 

This discussion will provide a brief recapitulation of the rationale and aims of this 

thesis before summarising the main findings and the contributions to existing research 

and clinical practice. The main limitations of this research will also be discussed 

followed by suggestions for future research.    

 

6.2. Thesis rationale and aims 

Adherence to dietary and physical activity recommendations is universally advocated 

as an essential component of treatment adjuvant to pharmacological therapy for 

children and adults with FH. (58, 59, 85) The additional benefit of this component of 

treatment on LDL-C treatment goals and overall CVD risk in children and adults with 

FH is unknown, (250-253) and there is a likely need for a randomised controlled trial 

(RCT) to evaluate the effectiveness of an intervention targeting this component of 

treatment. (250-253) Adherence to dietary and physical activity treatment 

recommendations amongst children and adults with FH has been reported to be low 

(441, 442) and a previous intervention failed to achieve meaningful improvements in 

these behaviours. (431, 432) To have a reasonable chance of being effective, a deeper 

understanding of the determinants of these lifestyle behaviours is required to enable 

the development of a theoretically informed behavior change intervention tailored 

towards the individual needs of this population group. (591) 

 

This thesis aimed to develop and evaluate an intervention targeting dietary and 

physical activity behaviours on LDL-C and other CVD risk factors in adults and 

children with FH. Following the Medical Research Council (MRC) guidance for the 

development and evaluation of complex interventions, (239) this was addressed by 

four main aims. Briefly, aim one (chapter two) was explore the existing evidence 

regarding the role of diet and physical activity in the treatment of FH. Aim two 

(chapter 3) was to gain a deeper understanding of the factors influencing behaviours 

relating to pharmacological and lifestyle treatment recommendations by conducting 

an evidence synthesis of the qualitative data. Aim three (chapter four) was to develop 

a theoretically informed behaviour change intervention informed by the results of the 
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evidence synthesis. Finally, aim four (chapter five) was to develop and conduct a 

feasibility trial to evaluate the feasibility, acceptability and potential effectiveness of 

the developed intervention upon dietary intakes, physical activity levels and selected 

CVD risk factors. The results from this feasibility trial were used to inform 

recommendations for the design of a future RCT which will be adequately powered to 

determine the efficacy of dietary and physical activity behaviours on CVD risk factors 

in children and adults with FH.  

 

6.3. Main findings of this thesis and implications for research and clinical practice 

6.3.1. Enablers and barriers to treatment adherence  

The qualitative evidence synthesis (QES) identified several enablers and barriers to 

treatment adherence and 12 suggestions for clinical practice to improve adherence to 

pharmacological and lifestyle treatment amongst adults and children with FH were 

given. (440) Conducting a QES overcame the limitations of single qualitative studies, 

in which the findings may not be transferable outside the sample in which they are 

conducted, and facilitated a more in depth understanding of treatment adherence in 

the context of FH that is applicable to a wider range of individuals. (467) QES is 

becoming increasingly recognised as an important source of evidence to inform the 

development of policies, guidelines and complex interventions, especially those 

targeting treatment adherence. (474, 478) This has been driven by the recognition that 

health related behaviours are complex and changing them requires evidence beyond 

the traditional ‘what works’ form of evidence derived from quantitative RCT data. 

(474, 478) It allows for identification of ‘what matters most to people rather than 

what is the matter with them’. (858) The QES in the present research provided an 

insight into how FH is experienced by affected individuals and highlighted several 

important factors to be considered by healthcare professionals (HCPs) when 

discussing treatment. (440) Of particular importance was the low risk FH was 

perceived to pose to health when taking medication, misconceptions about the role 

and necessity of lifestyle treatment, concerns over safety and side-effects of 

medication, the positive influence of family members and the prioritisation of other 

events at certain stages of life. (440)  

 

Since publication in July 2019, my QES results publication (440) has been cited 

several times including in three influential reviews outlining policies to improve the 
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treatment of individuals with FH. (9, 105, 164) Most notably, the International FH 

foundation and World Heart Federation recognised the findings in their Global Call to 

Action on FH in which they produced nine public policy recommendations to reduce 

the clinical and public health burden of FH:‘Important barriers to FH care 

exist…understanding of risk, perceptions regarding personal control over health 

outcomes, and family influence all affect decision-making for this condition, because 

it is lifelong and puts different demands on families at different times of life. There 

appears to be clear value to families in establishing a diagnosis of FH that explains 

high cholesterol levels independent of lifestyle.’ (105) This informed one of their 

public policy recommendations entitled ‘family-based care’ in which they state: ‘A 

family-based care plan should be developed with opportunities for patient 

involvement and shared decision-making over the continuum of the life span.’ (105) 

Also of importance was the recognition of the results in a review produced by an 

expert consensus panel reviewing the latest evidence to make recommendations for 

evidence-based models of care for individuals with FH:‘Several facilitators and 

barriers to treatment adherence in FH have been identified and should be addressed 

to improve the effectiveness of care. Examples of facilitators include starting 

treatment from a young age, confidence in a patient’s ability to self-manage FH 

successfully and a positive relationship with health-care professionals; examples of 

barriers include concerns about the use of lipid-lowering medication, inadequate 

knowledge of treatment and prioritization of other life events.’ (9) The inclusion in 

these reviews should raise awareness of the identified enablers and barriers and help 

to improve adherence to pharmacological and lifestyle treatment amongst adults and 

children with FH.  

 

6.3.2. Development of the dietary and physical activity intervention 

To enable evaluation of the effectiveness of dietary and physical activity treatment 

upon LDL-C and CVD risk factors in individuals with FH, the development of an 

intervention targeting these health behaviours was required. Such an intervention 

would be complex in nature due to the number of behaviours being targeted, the 

anticipated difficulty individuals will face when trying to change these behaviours and 

the degree of flexibility needed to suit the specific needs of individuals across 

different contexts. (239) The findings from the QES highlighted that adults and 

children with FH perceived the dietary and physical recommendations to be difficult 
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to adhere to, (440) and previous research has reported that self-reported adherence to 

this component of treatment is low. (441, 442) Therefore, a strong theoretical 

understanding of these behaviours and how they might be changed was required to 

ensure the intervention had a reasonable chance of being effective. (591) The 

behaviour change wheel (BCW) approach (440) was applied to the findings of the 

QES in order to identify the determinants of the target behaviours in children and 

adults with FH. (585) A total of 26 behaviour change techniques (BCT) were selected 

for inclusion in the intervention and the most appropriate mode of delivery was 

identified. (585) The BCW brings together 19 theories of behaviour change, thereby 

overcoming the limitation of applying a single theoretical model to intervention 

development, which may not identify all determinants of behaviour. (586, 591, 596) 

The BCW provided a comprehensive behavioural analysis accounting for internal and 

external determinants of behaviour. (586, 591, 596) It led to the identification of 

several important determinants of behaviour not targeted in a previous behaviour 

change intervention delivered to adults with FH, which applied a fixed model of 

behaviour change. (432, 433) Identification of these determinants and subsequent 

targeting through BCT, likely explains the higher level of engagement with the 

present intervention during feasibility testing. (591) It will also increase the likelihood 

of achieving meaningful changes in these behaviours in future effectiveness testing, 

which the previous intervention failed in doing. (432, 433) The comprehensive 

approach taken to intervention development should increase the likelihood of the 

intervention being efficacious in future evaluation, both in regards to successfully 

changing health behaviours of individuals with FH and being implemented as 

intended within current healthcare services. (859)  

 

Crucially, the approach taken in this research facilitated a systematic and transparent 

approach to intervention development, which is considered best practice in the fields 

of health and complex interventions research. (241, 247, 587, 596, 598) As will be 

described, this was not only beneficial for the subsequent feasibility testing but will 

also be advantageous for future research and clinical practice within and beyond the 

context of FH. Firstly, in the context of the feasibility testing, it enabled the 

intervention to be delivered in a standardised format by two different dietitians and 

facilitated the process evaluation, which focused upon feasibility and acceptability. 

Secondly, this approach will facilitate the process evaluation and interpretation of 
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results from subsequent effectiveness testing in an adequately powered RCT, enabling 

an understanding of why the intervention was effective or not in achieving reductions 

in CVD risk amongst individuals with FH. (239, 241, 247, 587) Any identified effects 

of the intervention upon CVD risk factors may be reflective of one or all of the 

following: 1) the extent to which the intervention was delivered as intended; 2) the 

degree of success of the intervention in changing dietary intakes and physical activity 

behaviours; 3) the influence of contextual factors; 4) the true effect of these 

behaviours upon CVD risk. (241) The approach taken in this research will enable 

these effects to be disentangled to determine the true effects of dietary and physical 

activity treatment upon CVD risk factors. (241, 247, 611)  

 

Thirdly, the explicit links between the BCT and the proposed mechanisms of action 

(MoA) enables distinction between adaptations that may be permitted and those that 

should be avoided as it may undermine the effectiveness of the intervention. (816, 

817) This is important as tailoring interventions towards the local context in which 

they are delivered, and to the specific needs and preferences of individuals, is 

recommended and associated with increased success when scaling up health 

interventions. (241, 248, 821) This will be important in future effectiveness testing 

where the intervention will be delivered to a wider range of individuals across more 

diverse contexts. Furthermore, FH is estimated to affect 1 in 300 individuals 

worldwide (8) and the available healthcare systems in place across different countries 

vary substantially. (178) Therefore, if deemed to be effective other HCPs may 

replicate the intervention across a range of contexts. The strong understanding of how 

the intervention works will facilitate decisions regarding any adaptations that may be 

required to suit local contexts and ensure that the intervention produces results similar 

to those demonstrated in the original setting it was tested, thus maximising the benefit 

and reach of the intervention to the wider FH population. (859-861)  

 

This is of particular importance for FH research and clinical practice as previous 

interventions that have been successful in changing dietary behaviours of children 

with FH have provided little detail of how this change was achieved limiting the 

ability to replicate the success in other contexts. (127, 408-412) Furthermore, clinical 

guidelines for the treatment of FH do not provide guidance on how to implement the 

lifestyle guidelines and there is not yet an established ‘best practice’. (9, 250-253) 
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Additionally, it will prevent other research teams seeking to evaluate the effectiveness 

of components of dietary and/or physical activity treatment upon health outcomes in 

individuals with FH having to develop completely new interventions every time, 

saving time and resources. (861) 

 

Finally, the explicit reporting of the included BCT and mode of delivery will 

contribute to the wider field of health behaviour research. (859) Multiple meta-

analyses have sought to identify the BCT and delivery modes associated with 

successful interventions targeting a range of different health related behaviours across 

various clinical and non-clinical populations. (606, 607, 640-650) However, all have 

concluded that reliable conclusions about effective BCT and modes of delivery cannot 

be made due to poor reporting of the intervention content and/or the degree to which 

it was implemented as intended. (606, 607, 640-650) The present research used a 

widely recognised and validated BCT Taxonomy (BCTTv1) to characterize the 

intervention content, (588, 599) provided clear links between each BCT and the 

proposed MoA through which it is proposed to have an effect and incorporated 

measures of intervention implementation into the trial design. Due to the strong 

theoretical understanding of the target behaviours in this research, a process 

evaluation conducted in future effectiveness testing will be able to explore the 

efficacy of individual or groups of BCT in relation to the changes in outcome 

measures and the MoA through which this behaviour change is mediated. (241) The 

results could inform the selection of BCT for inclusion in similar interventions and 

contribute to the growing evidence base investigating how and why health behaviour 

change interventions are successful or not. (587, 590, 593, 607) 

 

6.3.3. Feasibility testing in a pilot randomised controlled trial  

The need for a large, well-designed RCT to evaluate the potential benefits of the 

dietary and physical activity treatment recommendations upon LDL-C and CVD risk 

factors in children and adults with FH had been acknowledged but not yet addressed 

prior to the research conducted for this thesis. (250-253) The MRC guidance states 

the importance of conducting feasibility testing ahead of full-scale evaluations to 

address any uncertainties in the trial design and reduce ‘research waste’. (239, 664, 

668) Several issues relating to the trial design and intervention were identified, 

however if the suggested refinements are made then these issues can be avoided in 
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any future trial. As commonly reported in health research, (755) the trial encountered 

issues with recruitment. Several important refinements to be made to the trial design 

ahead of a future trial were identified that are feasible to implement and anticipated to 

improve the recruitment (Table 5.18). These include planning recruitment around the 

dates of lipid clinic, telephoning non-responders, offering flexibility around research 

contact dates and arranging one to coincide with a routine clinical appointment when 

possible. The 97% retention demonstrates that once recruited, families will be likely 

to complete the study regardless of being randomised to usual care or intervention 

arms, especially if the control group is offered intervention components at trial end. 

Participant acceptability and compliance with recording dietary and physical activity 

behaviours was higher than previous research, (779, 791, 792) and collection of 

clinical outcomes was high. Most issues regarding outcome data were related to the 

actual outcome measurement tools, such as the accelerometers used to measure 

physical activity and sedentary behaviours. Accordingly, most of the refinements to 

be made to the trial design are related to the choice of outcome measurement tools, 

the protocols for their use and data analysis considerations (Table 5.18). An important 

and novel finding was the feasibility and acceptability of collecting objective 

measures of physical activity and sedentary behaviours. The limited research that has 

been conducted in adults and children with FH, to assess physical activity levels, has 

relied on questionnaires which are subject to response bias and are known to over-

estimate physical activity levels, as found in the present research. (438, 708) 

 

The trial demonstrated, to an extent, the feasibility of different dietitians delivering 

the intervention in different contexts with higher fidelity than reported in previous 

research. (434, 812-814) The comprehensive checklists that were created for each 

session likely contributed to this. A future trial would involve more dietitians and 

maintaining a high level of fidelity will become more challenging. Therefore, 

objective measures of fidelity, such as direct observation, in addition to the self-report 

measures used in the feasibility trial, are suggested. (594, 816) Most adaptations made 

were in response to the individual needs of the participants and did not undermine the 

proposed MoA of the intervention. A future trial should continue to permit a degree of 

flexibility toward intervention adaptations to suit the needs of individual participants 

in line with recommendations for health behaviour change interventions. (248, 821) 
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The participants were highly accepting of the intervention and the changes they were 

asked to make to their lifestyles, largely influenced by the family-based approach, 

acceptable food swaps and the new knowledge gained. As found in the QES, (440) 

misunderstandings and false information regarding diet and physical activity in the 

treatment of their condition was common amongst participants. A common tendency 

was for individuals to have obtained false information from the media, for example 

the media coverage of coconut oil and other foods high in saturated fats being ‘good 

for you’. (862) Furthermore, the baseline dietary intakes collected in the trial suggest 

that individuals with FH are not compliant with the dietary recommendations. These 

findings are surprising, as all adults had previously received dietetic advice. This 

highlights the potential benefit of providing a more comprehensive intervention that is 

tailored towards the specific needs of this clinical population group, as developed in 

this research.   

 

While not powered to detect significant changes, the potential effectiveness of the 

developed intervention upon reducing LDL-C is of clinical significance. Importantly, 

the 8-10% reduction in LDL-C is comparable to the reductions achieved by adding an 

additional medication such as ezetimibe to statin therapy in adults and children with 

FH. (229, 230) Furthermore, many children and adults currently do not meet LDL-C 

treatment targets, even when using maximally tolerated or licensed doses. (80, 203, 

227) As it has been demonstrated that there is no LDL-C concentration below which 

the beneficial effects upon CVD risk cease to improve, (32) a ‘the lower, the better’ 

approach to treating LDL-C is advocated for individuals with high cholesterol, 

including those with FH. (32, 59, 147, 185) Therefore any additional LDL-C 

reduction that can be achieved through non-pharmacological approaches is important 

for children and adults with FH and highlights the importance of the findings of this 

research.  

 

Overall, the feasibility trial has provided evidence of the feasibility and acceptability 

of conducting an adequately powered RCT and implications for future research are 

discussed in section 6.5. 
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6.4. Main limitations  

6.4.1. Representativeness of included participants 

The participants in the studies included in the QES were all from developed countries, 

most had high education levels, and very few were from ethnic minority groups. (440) 

This is not a representative sample of individuals affected by FH, a very common 

condition worldwide that affects all ethnicities. (8) Research has indicated that 

individuals with FH from ethnic minorities are diagnosed later in life and are less 

likely to achieve LDL-C treatment goals. (863, 864) Ethnic minorities are also 

underrepresented in FH registries across the world, (203, 228, 863) believed to be 

reflective of disparities in access to specialist lipid clinics or a reluctance to attend. 

(863) Little is known about the influence of ethnicity or socioeconomic status upon 

treatment adherence in adults and children with FH. (9) However, in general and other 

clinical populations, low socioeconomic status is strongly associated with poorer 

dietary choices, (865-867) lower physical activity levels (865, 867) and reduced 

adherence to mediation such as statins. (868) Independently of these factors, ethnicity 

has also been found to account for differences in these health behaviours. (868-870) 

Therefore, there may be additional enablers and barriers to treatment adherence 

amongst the general FH population that were not captured in the current research.  

 

This has implications for the developed intervention, as it may not adequately address 

all the determinants of behaviours amongst individuals from lower socioeconomic 

groups or different ethnic groups. Determining if the effectiveness of health 

interventions differs across these population groups is limited due to difficulties 

recruiting these individuals into research trials and many evaluations of interventions 

not reporting differences in outcomes across these groups. (871, 872) Systematic 

reviews of interventions specifically tailored towards these groups have demonstrated 

that they can effectively change dietary and physical activity behaviours, but there is 

insufficient evidence from adequately described interventions to allow for 

identification of factors associated with effectiveness. (873, 874) In the current 

research, the intervention was evaluated amongst a highly educated population with 

little ethnic diversity, reflective of the demographic of the population attending the 

lipid clinics at the Bath and Bristol sites. The London site recruited a more ethnically 

diverse sample, however there were only four families and they did not participate in 

the qualitative interviews. As such, data saturation regarding the acceptability of the 
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intervention was not reached which limits the validity of the results (679) and they 

may not be generalizable to families of lower socioeconomic status or different 

ethnicities. A future trial should prioritise recruitment of lipid clinics with more 

diverse clinical populations to enable exploration of how the effectiveness of the 

intervention may differ across these groups. Furthermore, it would be beneficial to 

conduct further qualitative interviews with the families who received the intervention 

at the London site 

 

6.4.2. Number of behaviours targeted in the intervention  

In the current research, while a trend towards improved dietary intakes was observed, 

no such improvement in physical activity levels was found. The qualitative interviews 

also demonstrated that individuals tended to focus upon the dietary component of the 

intervention. While the trial was not adequately powered to detect significant changes, 

it could be hypothesised that individuals were only capable of focusing upon 

changing their dietary behaviour. Debate exists around the optimal number of 

behaviours to target in health interventions. (875) It is argued that interventions 

targeting multiple behaviours, such as diet and physical activity, may overwhelm 

individuals and cause them to perceive the goals of the intervention as unattainable 

leading to decreased motivation. (875, 876) The counter-argument is that, if a disease 

is influenced by multiple behaviours, then they should be targeted simultaneously and 

may have positive synergistic effects. (875, 876) A systematic review concluded that 

interventions targeting one behaviour (diet or physical activity) were more effective in 

achieving behaviour change than interventions targeting both behaviours. (876) 

However, other systematic reviews have reported larger effects upon clinical 

outcomes, including body mass index (BMI) and LDL-C, when interventions targeted 

both diet and physical activity behaviours. (337) These effects have also been found 

to be moderated by characteristics of the individuals receiving and delivering the 

intervention, with interventions targeting multiple behaviours more successfully when 

delivered to clinical versus non-clinical populations and when delivered by HCPs 

compared to lay facilitators. (875)  

 

As there does not appear to be conclusive evidence to determine the most appropriate 

number of behaviours to target, (875) it is not recommended that a future trial targets 

only one behaviour. As discussed in chapter five, there were several other potential 
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explanations for the lack of a trend towards improvements in physical activity 

behaviours. These included the influence of the school holidays, the prioritisation of 

diet across the intervention sessions and a perception amongst many participants that 

their physical activity levels already met recommendations, when in fact most 

children did not. If the suggested changes to the intervention content are made it is 

anticipated that physical activity behaviours will be successfully improved in a future 

trial.  

 

6.4.3. Qualitative research findings  

The current research is underpinned by qualitative work: from the QES to the 

qualitative interviews conducted with participants in the feasibility trial. At each 

stage, several steps were taken to increase the trustworthiness and reproducibility of 

the qualitative findings in accordance with the available guidance for conducting and 

reporting qualitative research. (479, 492, 689, 693) These included the involvement of 

other researchers during each stage to triangulate the findings; the use of recognised 

qualitative methods such as thematic analysis and synthesis; the transparent and 

detailed reporting of the methodology and processes through which the results were 

obtained; acknowledgement and reporting of researcher reflexivity throughout data 

collection and analysis. (689, 693, 694) These steps were taken to increase the 

credibility and reproducibility of the findings, however qualitative research always 

involves a certain level of subjectivity and this limitation should be acknowledged. 

(689) 

 

6.4.4. Short duration of follow up 

Due to the timelines of this thesis, individuals who received the intervention were 

only followed-up for three months. Treatment for FH is life-long and it is essential 

that the intervention is successful in facilitating long-term changes to dietary and 

physical activity behaviours. Dietary interventions based upon theory have been 

found to be associated with increased long-term adherence. (877) However, most 

RCTs evaluating interventions targeting dietary and/or physical activity behaviours 

are of short-duration and there is a recognised need for studies to assess longer-term 

impacts of interventions upon behaviour change and clinical outcomes. (606, 607, 

878, 879) This was also highlighted as a priority for future research in the meta-

analysis of dietary interventions for individuals with FH. (250) As children and adults 
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attend lipid clinic appointments annually it would be feasible to extend the follow-up 

period to 12 months and this should be incorporated into the design of a future trial.  

 

6.4.5. Dietary intake assessment 

Dietary intakes were estimated in the feasibility trial using intake24, a self-report 

dietary assessment method. (698) Such methods are limited by measurement errors 

and it is considered essential to independently validate estimates of dietary intake 

using objective measures, such as nutritional biomarkers. (802, 850) While this was 

planned for this research, due to COVID-19 it was not possible to analyse the samples 

in time for inclusion in this thesis. To increase the validity of the dietary intake 

estimates in a future trial, such analyses should be included.  

 

6.5. Future research 

This section will first provide an overview of the suggested next steps for the 

evaluation of the intervention developed and tested in the current research. It will then 

provide suggestions for future research arising from data collected in this trial that has 

not yet been analysed and other research gaps that have been highlighted when 

carrying out the research included in this thesis. 

 

6.5.1. Adequately powered evaluation of developed intervention  

In line with MRC guidance for the development and evaluation of complex 

interventions that has guided the research in this thesis, (239) the next step is to 

evaluate the effectiveness of the intervention in an adequately powered RCT. The 

pilot RCT addressed the main concerns of such a trial and the suggested refinements 

to the intervention content and trial design should be applied ahead of this trial (Table 

5.18).  

 

Based on the findings of the current research, a future trial would need to recruit 160 

families. Not allowing for any improvements in recruitment, that are anticipated 

subject to refinements to trial design being made, this would require a recruitment 

pool of 420 eligible families and a multi-centered approach. The current research has 

demonstrated the feasibility of recruiting NHS trusts and implementing the trial 

procedures across three different sites and research teams and it is not anticipated that 

recruiting sites and running a multi-site trial will present any insurmountable 
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problems. Regarding numbers of eligible children, as of 2020 there are ~1000 

children in England and Wales registered on the U.K. paediatric FH register, of whom 

>80% have a genetic diagnosis. (842) There are no published data on the number of 

children diagnosed in Northern Ireland and Scotland, however their overall diagnostic 

rate of estimated FH cases is significantly higher than England and all have national 

cascade screening programs in place which would imply there is a large pool of 

potentially eligible families. (880) The number of diagnosed children and adults 

continues to rise significantly year on year due to increased awareness of FH and 

funding for genetic cascade testing. (880) This is expected to continue following the 

inclusion of an aim to identify 25% of all cases, from the current level of 8%, in the 

U.K., in the 2019 NHS long-term plan. (169) The anticipated issue will be identifying 

which sites to recruit as there is substantial variation in the services treating paediatric 

cases of FH across the U.K. (880) While it is becoming increasingly common to have 

a specialist FH paediatric or family service, (881) this is inconsistent. (185, 880) The 

children on the U.K. paediatric FH register are from over 60 different NHS trusts 

across England and Wales and the number treated at each site is estimated to vary 

from as little as five to over 60. (185, 842, 880) Therefore, ahead of a future trial an 

audit of current paediatric services should be undertaken to identify potentially 

suitable recruitment sites.  

 

In this feasibility trial the children in the control arm received no dietetic advice as 

that was usual care across the three included sites. Findings from an analysis of 

survey data conducted in collaboration with HEART UK: The cholesterol charity, 

which was not included in this thesis but published as an abstract, implies that this is 

unlikely to be the case at other sites. (547) Of the 25 paediatric centres across the 

U.K. that responded to the survey, 80% offered dietetic support to children. (547) The 

majority of paediatric lipid clinics included in the survey referred individuals to 

general dietetic services and only 12% (n=3) offered a family-based dietetic service. 

(547) Therefore, it is unlikely that the information provided in these sessions is 

comparable to the comprehensive intervention developed in this current study which 

is specifically tailored towards families with FH. As such, the intervention is still 

hypothesised to have additional benefits over the ‘usual care’ control arm in a future 

trial. This is substantiated by the findings from the pilot trial in which trends towards 

improvements in dietary, physical activity and CVD risk factors in favour of the 
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intervention arm were apparent amongst adults despite all having received general 

advice from a dietitian previously.  

 

A cluster randomised trial in which NHS sites would be randomly allocated to 

treatment arms, may be the most suitable design for a future trial for two main 

reasons. (882) Firstly, while it was possible to avoid treatment contamination between 

the intervention and control arms in the feasibility trial, this is anticipated to be more 

challenging in a larger trial with more sites and participants. Secondly, this 

intervention was intentionally developed to be pragmatic to deliver as part of routine 

clinical care for individuals for FH. Therefore, the dietitians currently providing 

dietetic advice to children and adults with FH at each site should be trained to deliver 

the intervention. It would be difficult to ensure that dietitians continued to provide 

their usual care to the control group, as they would receive in-depth training in 

behaviour change techniques, and the likelihood of the control group inadvertently 

being exposed to intervention content is high. (883, 884) As cluster randomised trials 

are associated with a loss in statistical power a clinical trials statistician should be 

consulted to determine an appropriate number of sites to recruit. (882) At this stage of 

intervention evaluation, it is also recommended that an economic evaluation be 

undertaken alongside the RCT. (239, 885) Therefore suitable economic data outcomes 

should be integrated into the future study to assess cost-effectiveness from patient and 

NHS perspectives. (239, 885) 

 

6.5.2. Data collected but not included in this thesis 

6.5.2.1. Qualitative interviews with children  

It was not possible to compare how the enablers and barriers to treatment adherence 

differed between adults and children with FH in the QES as there have been very few 

studies conducted in children. (440) With treatment most effective when started at a 

young age, (221, 228, 584) and the findings from the QES of a positive effect upon 

later life adherence, (440) further qualitative research exploring the perspectives of 

children is required to allow HCPs to tailor advice to support optimal adherence 

during this crucial period. The qualitative analysis conducted as part of the feasibility 

trial evaluation focused upon the acceptability of the research methods and 

intervention. However, children were also asked questions about their experiences of 

FH and its treatment, and this data should be analysed to address this research gap.   
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6.5.2.2. Blood sample analysis 

Due to COVID-19, it was not possible to conduct the planned metabolomics analysis 

of the blood samples collected from the participants in the feasibility trial in time to 

be reported in this thesis. The analysis is still planned and the results will be published 

separately from the feasibility trial results. While LDL-C has currently been selected 

as the primary outcome for a future trial, it is recognised that focusing on a single 

lipid marker may not adequately reflect the effects of changing dietary and physical 

activity behaviours. (739, 740) In the general population, several other lipid markers 

have been reported to change in response to dietary intakes and physical activity 

levels. (343, 739) Amongst children with FH, preliminary research has suggested that 

diet and physical activity may influence LDL particle size, (127) although this was in 

a cohort of children not taking medication and further research was recommended to 

confirm the findings. (127) As small, dense LDL participles are particularly pro-

atherogenic, the potential for lifestyle changes to beneficially lower levels would be 

clinically significant. (17, 124, 125) 

 

6.5.3. Provision of lifestyle advice  

All guidelines for the management of children and adults recommend they receive 

lifestyle and dietary advice from a HCP with specialist knowledge in nutrition such as 

a dietitian. (9, 58, 59, 85, 147, 166, 167, 185) Furthermore, more recent guidelines 

emphasise the importance of providing care in family based clinics when possible. (9, 

59, 105, 166) However, there has been little research carried out to investigate the 

extent to which these guidelines are being implemented. An audit of lipid clinics in 

the U.K. has not been carried out since 2004 and it did not collect information about 

the provision of lifestyle advice. (886) An audit of eight lipid clinics conducted in 

2008 reported that 92% of individuals had received dietary advice but no details about 

the advice given or who it was provided by were reported. (887) An audit of a single 

integrated adult and paediatric FH clinic reported that all families received ‘non-

specific verbal nutritional advice, although not from a dietitian’. (888) The previously 

described survey conducted with HEART UK: The cholesterol charity has partially 

addressed this research gap and highlighted the low number of family clinics and the 

disparity in availability of dietetic support. (547) However, information was only 

gathered from 65 adult and paediatric lipid clinics, which is less than half of those 

identified in 2004. (547, 886) Furthermore, the survey did not collect details of the 
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lifestyle advice being provided. (547) There is a clear need to conduct a formal audit 

of lipid clinics in the U.K. to determine if the NICE clinical guidelines are being 

implemented in practice. Such an audit should aim to find out more details about the 

actual content of the advice being provided to those with FH and if this differs across 

centres or is delivered by general or lipid specialist dietitians.  

 

Data regarding the provision of lifestyle advice to individuals with FH across other 

countries is also scarce and little details of the advice provided is given, where it has 

been reported. The European Atherosclerosis Society FH Studies Collaboration  (EAS 

FHSC) was set up to obtain details about the prevalence and management of FH 

across the world to address gaps in care. (162) So far, information about medication 

use and set-up of services has been collected and published from the 63 involved. 

(178) It would be of benefit to include questions about the provision of lifestyle 

advice in the next information request.   

 

6.5.4. Adherence to dietary and physical activity treatment  

Previous research has demonstrated that self-reported adherence to lifestyle treatment 

is low amongst children and adults with FH. (441, 442) However, little data exists 

regarding the actual dietary intakes and physical activity levels and how they compare 

with recommendations. The preliminary data presented in this thesis suggests that 

dietary intake amongst children in England may not be in line with recommendations, 

as found in small samples in Spain and Norway (127, 409) The current research also 

suggests that adult dietary intake of fibre, total fat, saturated fat, fruits and vegetables 

is not in line with recommendations. This mirrors data from The Netherlands and 

Spain suggesting a high intake of saturated fat and low consumptions of fruits and 

vegetables. (432, 455)  The current research also found most adults to be compliant 

with physical activity recommendations, in line with the findings of previous 

research. (432, 455) Future research should be conducted to explore the dietary intake 

and physical activity levels of other large cohorts of adults and children with FH 

across different countries, including the U.K.  
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6.6. Conclusions  

Despite inclusion in treatment guidelines, there is a recognised lack of evidence 

regarding the potential benefits of dietary and physical activity treatment 

recommendations upon treatment goals and CVD risk amongst adults and children 

with FH. To address this research gap, this thesis explored the determinants of 

treatment related behaviours in adults and children with FH, developed a theoretically 

informed behaviour change intervention targeting dietary and physical activity 

behaviours and investigated the feasibility, acceptability and potential effectiveness of 

delivering this intervention to children and their affected parent.  

 

This thesis has identified several enablers and barriers to treatment adherence 

amongst adults and children with FH, which can be used in clinical practice to 

facilitate optimal treatment adherence. A novel, behaviour change intervention 

targeting dietary and physical activity behaviours has been developed. This 

intervention includes twenty-six behaviour change techniques to target the identified 

determinants of dietary and physical activity behaviours to facilitate adherence. The 

results from the feasibility trial demonstrate that it is feasible to recruit, randomise 

and retain children and their affected parent and to implement and evaluate the 

intervention. The results also provide evidence that the intervention and the 

evaluation methods are acceptable to children and adults and that implementation of 

the intervention may be associated with favourable outcomes in selected CVD risk 

factors, including LDL-C. The main uncertainties ahead of a definitive trial have been 

addressed in this thesis and if the identified refinements are made to the study design, 

then a fully powered randomised controlled trial is warranted. The sample size 

required for such a trial, with LDL-C as the primary outcome, would require a multi-

centre approach and suggestions for the design of this trial design have been provided. 

The systematic and comprehensive approach to intervention development and 

feasibility testing in this thesis has ensured the future trial has the best chance of 

success and will facilitate the evaluation of the intervention effects. This will enable 

the question of the potential benefits of the current diet and physical activity treatment 

recommendations upon LDL-C treatment goals and CVD risk amongst adults and 

children with FH to be answered.  
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Appendix 1.1 Kinnear et al (2018) How do the experiences and beliefs of adults 

and children with heterozygous familial hypercholesterolaemia influence their 

adherence to treatment? A systematic review of qualitative evidence protocol.  
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Appendix 1.2 Kinnear et al (2019) Enablers and barriers to treatment 

adherence in heterozygous familial hypercholesterolaemia: a qualitative evidence 

synthesis 
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Appendix 1.3 Kinnear et al (2020a) The development of a theory informed 

behaviour change intervention to improve adherence to dietary and physical 

activity treatment guidelines in individuals with familial hypercholesterolaemia 

(FH) 
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Appendix 1.4 Kinnear et al (200b) Nutrition and physical activity intervention 

for families with familial hypercholesterolaemia: protocol for a pilot randomised 

controlled feasibility study 
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Appendix 3.1. ENTREQ reporting guidelines checklist  

ENTREQ: Enhancing transparency in reporting the synthesis of qualitative research 
No Item Guide and description Reported in 

section # 

1 Aim  State the research question the synthesis addresses. 3.3.4 

2 Synthesis 

methodology 

Identify the synthesis methodology or theoretical 

framework which underpins the synthesis, and 

describe the rationale for choice of 

methodology (e.g. meta-ethnography, thematic 

synthesis, critical interpretive synthesis, grounded 

theory synthesis, realist synthesis, meta-

aggregation, meta-study, framework synthesis). 

3.4.7 and 

appendix 3.5  

3 Approach to 

searching 

Indicate whether the search was pre-planned 

(comprehensive search strategies to seek all 

available studies) or iterative (to seek all available 

concepts until they theoretical saturation is 

achieved). 

3.4.2 

4 Inclusion criteria Specify the inclusion/exclusion criteria (e.g. in terms 

of population, language, year limits, type of 

publication, study type). 

3.4.1 

5 Data sources Describe the information sources used 

(e.g. electronic databases (MEDLINE, EMBASE, 

CINAHL, psycINFO, Econlit), grey literature 

databases (digital thesis, policy reports), relevant 

organisational websites, experts, information 

specialists, generic web searches (Google Scholar) 

hand searching, reference lists) and when the 

searches conducted; provide the rationale for using 

the data sources. 

3.4.2 

6 Electronic Search 

strategy 

Describe the literature search (e.g. provide 

electronic search strategies with population terms, 

clinical or health topic terms, experiential or social 

phenomena related terms, filters for qualitative 

research, and search limits). 

3.4.2 and 

appendix 3.2 

7 Study screening 

methods 

Describe the process of study screening and 

sifting (e.g. title, abstract and full text review, 

number of independent reviewers who screened 

studies). 

3.4.4 

 

8 

 

Study characteristics 

Present the characteristics of the included 

studies (e.g. year of publication, country, 

population, number of participants, data collection, 

methodology, analysis, research questions). 

3.5.1 and 

figure 3.1 

9 Study selection 

results 

Identify the number of studies screened and provide 

reasons for study exclusion (e,g, for comprehensive 

searching, provide numbers of studies screened and 

reasons for exclusion indicated in a 

figure/flowchart; for iterative searching describe 

reasons for study exclusion and inclusion based on 

modifications t the research question and/or 

contribution to theory development). 

3.4.6 and 3.4.8 

10 Rationale for 

appraisal 

Describe the rationale and approach used to appraise 

the included studies or selected findings (e.g. 

assessment of conduct (validity and robustness), 

assessment of reporting (transparency), assessment 

of content and utility of the findings). 

3.4.6, 3.4.8, 

appendix 3.3 

and 3.4 

11 Appraisal items State the tools, frameworks and criteria used to 

appraise the studies or selected findings (e.g. 

Existing tools: CASP, QARI, COREQ, Mays and 

Pope[25]; reviewer developed tools; describe the 

3.4.6 and 3.4.8 

appendix 3.3 

and 3.4 

https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-12-181#CR25
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domains assessed: research team, study design, data 

analysis and interpretations, reporting). 

12 Appraisal process Indicate whether the appraisal was conducted 

independently by more than one reviewer and if 

consensus was required. 

3.4.6  

13 Appraisal results Present results of the quality assessment and indicate 

which articles, if any, were weighted/excluded based 

on the assessment and give the rationale. 

3.5.3, table 3.1 

and appendix 

3.7 

14 Data extraction Indic Indicate which sections of the primary studies 

were analysed and how were the data extracted from 

the primary studies? (e.g. all text under the headings 

“results /conclusions” were extracted electronically 

and entered into a computer software). 

3.4.5 

15 Software State the computer software used, if any. 3.4.5.2 

16 Number of reviewers Identify who was involved in coding and analysis. 3.4.7.2 

17 Coding Describe the process for coding of data (e.g. line by 

line coding to search for concepts). 

3.4.7.2 and 

appendix 3.6 

18 Study comparison Describe how were comparisons made within and 

across studies  

3.4.7.2 and 

appendix 3.6 

19 Derivation of themes Explain whether the process of deriving the themes 

or constructs was inductive or deductive. 

3.4.7.2 and 

appendix 3.6 

20 Quotations Provide quotations from the primary studies to 

illustrate themes/constructs, and identify whether the 

quotations were participant quotations of the 

author’s interpretation. 

3.5.4 and table 

3.2 

21 Synthesis output Present rich, compelling and useful results that go 

beyond a summary of the primary studies (e.g. new 

interpretation, models of evidence, conceptual 

models, analytical framework, development of a new 

theory or construct). 

3.5.4, 3.6, and 

table 3.5 
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Appendix 3.2 Draft MEDLINE search strategy  

 

1. (familial adj1 hypercholesterolemia).ti,ab, kf.  

2. (familial adj1 hypercholesterolaemia).ti,ab, kf.  

3. (inherit* adj1 high adj1 cholesterol).ti,ab, kf.   

4. *Hypercholesterolemia/ge [Genetics]  

5. 1 or 2 or 3 or 4  

6. interview*.ti,ab. 

7. exp. Interviews/ 

8. experience*.tw.  

9. qualitative.ti,ab. 

10. 6 or 7 or 8 or 9  

11. 5 and 10   
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Appendix 2.3 Critical Appraisal Skills Programme (CASP) Qualitative Research 

Checklist  

 

CASP Checklist: 10 questions to help you make sense of a Qualitative research 

How to use this appraisal tool: Three broad issues need to be considered when appraising a 
qualitative study: 

  Are the results of the study valid? (Section A) 

  What are the results? (Section B) 

  Will the results help locally? (Section C) 

The 10 questions on the following pages are designed to help you think about these issues 
systematically. The first two questions are screening questions and can be answered quickly. 
If the answer to both is “yes”, it is worth proceeding with the remaining questions. There is 
some degree of overlap between the questions, you are asked to record a “yes”, “no” or 
“can’t tell” to most of the questions. A number of italicised prompts are given after each 
question. These are designed to remind you why the question is important. Record your 
reasons for your answers in the spaces provided. 

About: These checklists were designed to be used as educational pedagogic tools, as part of a 
workshop setting, therefore we do not suggest a scoring system. The core CASP checklists 
(randomised controlled trial & systematic review) were based on JAMA 'Users’ guides to the 
medical literature 1994 (adapted from Guyatt GH, Sackett DL, and Cook DJ), and piloted with 
health care practitioners. 

For each new checklist, a group of experts were assembled to develop and pilot the checklist 
and the workshop format with which it would be used. Over the years overall adjustments 
have been made to the format, but a recent survey of checklist users reiterated that the basic 
format continues to be useful and appropriate. 

Referencing: we recommend using the Harvard style citation, i.e.: Critical Appraisal Skills 
Programme (2018). CASP (insert name of checklist i.e. Qualitative) Checklist. [online] Available 
at:  URL. Accessed: Date Accessed. 

©CASP this work is licensed under the Creative Commons Attribution – Non-Commercial-
Share A like. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-
sa/3.0/ www.casp-uk.net  

Critical Appraisal Skills Programme (CASP) part of Oxford Centre for Triple Value Healthcare Ltd  www.casp-uk.net 
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Appendix 3.4 Descriptions of the 12 essential criteria in the quality appraisal of 

qualitative research  

 

Table 1 displays the descriptions for the 12 essential criteria deemed to be relevant 

appraisal of qualitative research, as described by Santiago and colleagues, (487) who 

analysed the criteria proposed by 58 tools available for quality appraisal. These 

descriptions were used to aid the quality appraisal carried out using the CASP tool.  

 

Table 1. Descriptions of the 12 essential criteria proposed for quality appraisal of 

qualitative research. Taken from Santiago and colleagues. (487) 

Criteria  Definition  

Theoretical framework The theoretical framework must be 

explicit in the text. The reader must 

understand how it is adapted to the 

method and question. It must be justified 

logically. 

Research question The research question must be formulated 

clearly. It must be justified logically in 

regards to the method and research 

exposed. It must display some originality 

compared to the existing one. 

Goals/ 

 Objectives 

The objectives must be explained and 

stated. They must be precise. They must 

be linked to the problem and research 

question logically. It must display some 

originality compared to the existing ones. 

Literature (review) The existing literature must be exposed, 

with critical hindsight. It must be 

presented clearly and comprehensibly in 

the field. It must match the research 

question and objectives (relevant). 

Methodology/Method/ 

 Design 

The methodology must be congruent with 

the research elements collected. It must 

be explicit and include details on the 

steps and procedures to follow (including 

verbatim). The methodology must be 

written precisely to show its feasibility 

and the credibility of its procedures. 

Sampling The sampling must be described very 

clearly: its characteristics, recruitment 

method, representativeness and 

originality. It must be argued in such a 

way as to show its relevance and how it 

suits the type of research and method 

used. 

Data  The data collection method must be 

presented in such a way as to show the 

data qualities and limitations. It must be 

detailed and precise. The data must be 

presented in a way that makes them 
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visible. They must be presented 

separately from personal and theoretical 

considerations, to allow for their 

existence and analysis to be verified. 

Analysis  The analysis method must be explicit and 

linked to the data and research question. 

It must be clear and detailed enough to 

observe that the data has indeed been 

processed systematically. The reader 

must be able to follow each step of the 

analysis logically. 

Reflexivity  The researcher's role in the production of 

results must be described as well as 

his/her relationship with the participants 

and research theme. 

Credibility  A researcher's credibility is based on the 

logical consistency that exists between 

the theoretical reference, research 

question, collection techniques and data 

analysis. This logic must be as explicit as 

possible, and must present the 

verification methods used such as the 

triangulation of data and analyses, the 

search for negative cases and the 

feedback given to participants. 

Transferability The level of generalization of the results 

must be specified. The context in which 

the results would be transferable must 

appear clearly. 

Ethics  Research ethics must be respected and 

clearly established, including the 

approval of an ethics committee, the 

consent of subjects and confidentiality. 

The researcher's commitments toward 

his/her subjects must be explicit. 
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Appendix 3.5 Rationale for choice of synthesis methodology 

 

Table 1: The eight domains of the RETREAT framework discussed in relation to this 

QES and justification for choosing thematic synthesis. (482) 
Domain Definition Questions to consider Answers in 

context of this 

review 

The suitability 

of thematic 

synthesis 

Review 

question 

A clear and detailed 

specification of the research 

question(s) to be addressed by 

the review 

To what extent is our review 

question already fixed (an 

“anchor”) or likely to be emergent 

(a “compass”)?  

Is our review planned as a stand-

alone project or is it intended to be 

compatible with, or even 

integrated within, an effectiveness 

review? 

 

The review 

question is fixed, 

with pre-

determined 

parameters. It 

aims to answer a 

pre-determined 

question. 

The findings will 

be used to inform 

the development 

of an intervention 

and make 

recommendations 

for clinical 

practice. 

Thematic 

synthesis is 

recommended 

to be used on 

fixed 

questions-like 

the ones in this 

review.  

Epistemology The assumptions on the nature 

of knowledge that underpin 

the synthesis method and the 

extent to which these permit 

the review team to achieve 

their purpose 

To what extent do we wish to 

acknowledge the different 

underpinning philosophies of 

included studies, and to 

operationalize these differences, 

within our final review product? 

Where does our review team 

position itself with regard to an 

idealist-realist continuum? 

What is the intended role of 

theory within our planned 

review—will we ignore, 

acknowledge, generate, explore, 

or test theory within our review? 

Within the final 

review product, it 

is not intended 

that any 

differences 

between different 

underpinning 

philosophies will 

be acknowledged.   

 

Theory is not 

intended to have a 

large role within 

this review. It is 

primarily 

concerned with 

answering a pre-

defined question. 

However, it was 

acknowledged 

that exploration 

of existing 

theories may add 

depth to the 

understanding and 

interpretation of 

the findings. 

As this review 

does not intend 

to place a great 

deal of 

importance 

upon the 

epistemology 

of included 

studies, 

thematic 

synthesis 

methodology is 

suitable 

because it does 

not rely heavily 

on any 

epistemological 

assumptions 

and is 

considered 

‘epistemology’-

neutral. This 

will allow for 

the integration 

of qualitative 

studies of 

different types 
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However, it was 

agreed this was 

beyond the scope 

of this review and 

would be 

explored as part 

of another 

research project.  

within one 

synthesis.  

Time/timeframe Logistic constraints regarding 

the expected completion date 

of the synthesis and the 

cumulative amount of effort 

required to deliver the review 

Will our review seek to generate 

knowledge de novo or to use 

existing knowledge resources 

(categories, classifications, 

frameworks or models) as a 

vehicle for accelerating the review 

process? 

Is our intention to aim for 

comprehensive coverage of all 

studies that meet our eligibility 

criteria or to accelerate the review 

process through purposive 

sampling? Overall, will our 

review strategy privilege breadth 

of scope or depth of 

interpretation? 

This review 

intends to 

generate new 

knowledge 

The intention is to 

aim for 

comprehensive 

coverage of all 

studies. The 

review strategy 

will prioritise 

breadth of scope.  

Relative to 

others methods, 

thematic 

synthesis does 

not a large 

amount of time, 

which will 

allow for 

production of 

results in time 

to feed into 

intervention for 

feasibility trial 

of PhD. It will 

also allow for 

flexibility in 

the time that 

collaborators 

may be able to 

commit. 

 

Thematic 

synthesis is 

suitable for 

both 

comprehensive 

and purposeful 

sampling 

methods.   

Resources Financial and physical support 

and infrastructure required to 

deliver the review 

To what extent is our review 

predominantly a literature-based 

project and to what extent must 

we factor wider involvement and 

collaboration into our funding 

plans? 

Do the methods to which our team 

is gravitating rely heavily upon 

proprietary software or enabling 

technologies or could we develop 

generic in-house solutions (e.g., 

based on use of spreadsheets, 

Google Forms, etc)? 

It is 

predominantly a 

literature based 

project, with 

limited scope for 

wider 

involvement and 

collaboration  

 

The identified 

methods of 

preference do not 

require purchase 

Thematic 

synthesis is 

considered to 

require a 

moderate 

amount of 

resources. The 

resources it 

would require 

for this review 

were 

considered 

appropriate to 
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of any new 

software or 

technology 

what we have 

available/will 

need to 

outsource.  

Expertise Knowledge and skill domains 

required by the review team 

and the wider network 

supporting the review 

To what extent do we already 

possess necessary skills and 

expertise within our core team? 

 

 

 

 

What patterns of expert input will 

our preferred QES method require 

during the life span of the review 

project; anticipable or ad hoc, 

intensive, or periodic? 

The lead 

researcher has no 

prior experience 

in qualitative 

research. Two 

further core 

members of 

research team to 

be involved have 

extensive 

experience in 

qualitative 

research however 

have not 

conducted a 

qualitative 

synthesis before. 

Two experts in 

qualitative 

synthesis have 

been identified 

who are willing to 

offer advice and 

guidance.  

The requirement 

of the advice from 

those with 

relevant 

qualitative 

expertise has been 

pre-defined and 

anticipated. The 

advice from those 

with qualitative 

synthesis 

expertise will be 

required on ad-

hoc basis.  

Thematic 

analysis is not 

considered to 

require a high 

level of 

qualitative 

research 

expertise 

making it 

suitable choice 

for this 

research team. 

 

It is 

recommended 

that 

information 

specialist is 

involved to 

develop the 

search for 

thematic 

synthesis, 

which we have 

access to for 

this review.    

Audience and 

purpose 

Requirements and 

expectations of the intended 

recipients of the review and 

how review findings are 

intended to be used 

What does our review team know 

about the preferences of our 

intended primary audience with 

regard to types of findings and 

data presentation? Descriptive or 

interpretive, textual or graphical, 

practical recommendations or 

conceptual enlightenment? 

The findings are 

intended to be 

used by policy 

developers, 

researchers and 

clinicians. It is 

believed that 

these groups 

Thematic 

analysis is 

regarded as 

highly 

recommended 

for 

practitioners 

and 
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How do our intended audience 

plan to use our synthesis product? 

Can we access past examples of 

review methods used by 

knowledge synthesis outputs 

aimed at this particular audience 

and/or for a similar purpose? 

would prefer the 

results to be 

presented in a 

descriptive format 

with the provision 

of practical 

recommendations.  

 

The synthesis 

product will be 

used to inform 

clinical practice, 

policy 

development and 

research 

intervention 

design. It is 

possible to find 

similar examples.  

policymakers 

and suitable for 

designers of 

interventions.  

Type of data The richness, thickness, type 

(quantitative/qualitative), 

quality, and quantity of data 

available to address the 

review question. 

Richness refers to the 

conceptual detail of the 

included studies, that is, the 

degree to which the studies 

sustain theoretical 

development and explanation. 

Thickness refers to the extent 

to which included studies 

allow identification of the 

situational context. 

How conceptually “rich” are 

included studies likely to be? 

 

How contextually “thick” are 

included studies likely to be? 

 

How many studies will we 

analyze, and what is their 

“typical” methodological quality? 

Scoping review 

indicated that the 

included studies 

comprised a 

mixture of 

conceptually rich 

and poor studies, 

although the 

majority were 

conceptually 

poor.   

Scoping review 

found the 

included studies 

to be of varying 

degrees of 

thickness.  

Scoping review 

identified at least 

20 studies to be 

included, of 

mixed 

methodological 

quality.  

Thematic 

synthesis is 

suitable for a 

large number of 

studies- which 

were identified 

in the scoping 

review.  

 

It is not 

considered 

suitable for 

conceptually 

rich data-for 

which some of 

the identified 

studies were. 

However as 

this review will 

not be placing a 

great deal of 

importance 

upon the 

epistemology 

of the data, it 

does not 

require a 

method 

required to do 

this.    
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Appendix 3.6 Full details of thematic synthesis methodology 

 

The details of the thematic synthesis undertaken for the qualitative evidence synthesis 

are described below. The methods are in line with thematic synthesis as proposed by 

Thomas and Harden. (483) 

Stage 1: Line by Line coding  

Two reviewers (AS, FK) had previously read all papers independently for the critical 

appraisal stage. They were therefore familiar with the papers and had discussed them. 

At this stage they independently reread and coded, on paper, the extracted data from 

seven papers. The process involved line-by-line coding of the extracted data in which 

each line of text was assigned a free code according to its meaning and content. The 

codes were inductively created in response to the findings uncovered. The two 

reviewers then met to discuss and compare their findings before then deciding upon a 

preliminary coding frame, which they then used when coding the extracted data from 

three further papers independently. In addition, new codes were created when 

necessary and the reviewers met again to discuss the findings, making revisions to the 

coding frame. One reviewer (FK) then independently coded the extracted data from 

all the papers using NVivo software. The coding frame was modified and added to 

throughout this process, with any changes made discussed with a second reviewer 

(AS). By this stage, no new codes were being identified, but some codes were 

consolidated into one code and others given more clarification about their meaning. A 

copy of the finalised coding frame is available to view in table 1. A second reviewer 

(AS) performed secondary coding on 10% of the papers (three papers) before meeting 

with FJK to compare findings and ensure consistency of interpretation.  This line by 

line coding facilitated the translation of concepts from one study to another- a key 

component of qualitative synthesis. Most sentences were categorised using more than 

one code as a result of having content which had more than one possible meaning e.g. 

‘perceived risk’ and ‘relative risk’ or ‘perceived seriousness’ and ‘emotional 

impact’.   

 

Stage 2: Development of descriptive themes  

This stage involves the development of initial descriptive themes based upon the raw 

data that closely reflect the aggregative findings of the included studies. The two 

reviewers who had carried out the coding (AS, FK) met with a third reviewer (EW) to 
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discuss the findings of the coding process. One reviewer (FK) produced summary 

reports of each of the 19 identified free codes which provided an overview of the 

findings across the papers including illustrative quotes and disconfirming cases. The 

summaries were descriptive in nature and avoided any interpretation. These 

summaries formed the basis of discussion between the three reviewers. At this second 

stage, the discussion was carried out in the context of the first research question- what 

are the experiences and beliefs of individuals’ in relation to their condition, its 

associated morbidity and mortality risk and treatment?’ The discussion was 

exploratory in nature and no priori framework was imposed upon the findings at this 

stage. The aggregative findings of the studies, as consolidated in the code summaries, 

were deliberated, with examination of any similarities, differences and relationships 

between codes explored. From this discussion, 20 descriptive themes were identified. 

These descriptive themes were reflective of prevalent and persistent findings across 

the studies. Some of these themes were reflective of original codes used in the coding 

process, others were new themes created to capture more specific and detailed aspects 

of the original findings of coding process. For example, the findings captured using 

the code ‘family influence’ were further categorised into the descriptive themes 

‘parental influence upon treatment related behaviours’ and ‘FH and its treatment 

becomes normalised within families’.  One reviewer (FK) then produced a draft 

summary of these descriptive themes which was reviewed and discussed with AS and 

EW before a final version was agreed upon.   

Stage 3: Development of analytical themes   

The generated descriptive themes captured and aggregated the beliefs and experiences 

of individuals with FH in relation to their condition and its treatment. The third stage 

of thematic synthesis aims to go beyond the primary content of the original papers to 

generate additional concepts or understandings. This is considered an essential 

component of any qualitative synthesis methodological approach. In this review, this 

meant using the descriptive themes to answer our research questions regarding how 

these beliefs and experiences may influence an individuals’ adherence to treatment 

and to identify any enablers and barriers to this.      

This was achieved by first examining each descriptive theme individually in the 

context of treatment adherence through consideration of the relationship between the 

content captured in each descriptive theme and individuals ability and/or inclination 

to adhere to treatment. Secondly, any relationships between the descriptive themes 
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were explored to identify common factors. Each reviewer (FK, AS, EW) carried this 

out independently before meeting as a group to discuss further. From these 

discussions, over-arching analytical themes were identified. These analytical themes 

were then deliberated in the context of identifying enablers and barriers to treatment 

adherence, which could be used to inform clinical practice, policy development and 

research intervention design. The reviewers met on three occasions to discuss their 

findings collaboratively. It was an iterative process in which the analytical themes 

were modified until the reviewers felt they adequately explained all the initial 

descriptive themes and identified enablers and barriers to treatment.  For 

example, three of the descriptive themes related to the involvement of other family 

members in an individuals’ experiences of having FH and its treatment (FH and its 

treatment become normalised within families, parental influence upon treatment 

related behaviours and desire to protect children). From these descriptive themes, the 

reviewers identified the importance of the behaviours and beliefs of other family 

members upon an individuals ability and receptivity to adhering to treatment. This 

finding was captured in the analytical theme entitled ‘family influence’. From this 

analytical theme, the reviewers identified two enablers to treatment adherence. These 

enablers were the delivery of care and treatment advice through family-based clinics 

and the commencement of treatment from a young age.  
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Table 1: The finalised code-book used in the first stage of thematic synthesis 
Code  Brief Description  

Understanding/biological 

knowledge of FH  

Account/description of what FH is, their understanding of its 

aetiology, its genetic transmission, its effect upon their body, any 

symptoms and any associated short and long term health 

implications  

Perceived risk  The perceived risk of FH as a condition. Their thoughts/beliefs 

of short and long term health consequences of FH. Both genetic and 

behavioural associated risk.   

Perceived seriousness   How serious/important FH and/or it’s associated health 

consequences are believed to be   

Family history  Account/description of family history of FH diagnosis, treatment 

and/or adverse outcomes such as death/serious illness   

Life events   Significant milestones/occasions in life i.e. becoming parent, 

leaving school, getting married, ageing   

Co-morbidities   Other illnesses/conditions that are not FH   

Relative risk   Participant compares own risk to that of another person (family 

member, peer, abstract person) or to risk associated with another 

condition/illness  

Management of condition  Account/description of the use/role of medicine or lifestyle in the 

treatment of FH.   

Perceived efficacy of treatment  Perceptions/beliefs of the effectiveness of treating FH (medication, 

lifestyle and other)  

Self-efficacy   The perception of an participant upon their own ability to follow 

treatment recommendations  

Enablers and barriers for treatment  Any factors that help, enable, motivate OR Any factors that 

demotivate, stop or hinder a participant to seek and/or follow 

treatment advice   

Ownership/personal 

responsibility   

How a participant reflects/describes their perceived ownership of 

their condition and it’s treatment.  How much they perceive the 

condition to be their responsibility to manage/treat.     

Emotional impact  Any emotion that FH diagnosis, management and/or associated 

health outcomes evokes in participants. Includes perceived stigma.   

Impact on life  Any change participant has made to their life (everyday or longer 

term) as a result of their diagnosis of FH or its treatment   

Professional support   Account/description of any involvement of healthcare professionals 

and/or medical procedures   

Social support   Account/description of the role of family and/or friends in a 

patients’ experience of their condition and it’s management. 

practical or emotional support that individuals receive with regard 

to managing FH -i.e, treatment adherence.  

Family influence  The influence of participants family upon their decision and ability 

to seek/adhere to treatment. Individuals' awareness of how others in 

their family network have dealt with screening and treatment and 

making decisions based on what other family members have done.  

Information/help seeking  Accounts/descriptions of information or resources that participants 

would find useful  

Parental views  Accounts/descriptions/thoughts/beliefs of parents in relation to their 

children.  
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Appendix 3.7. Quality appraisal full results  
Table 1 CASP score breakdown of included studies 

S
a

m
p

le
 n

u
m

b
e
r 

Paper   

Was there a 

clear 
statement of 

research aims? 

Is qualitative 

methodology 
appropriate? 

Was the 

research 
design 

appropriate to 

address the 
aims of the 

research? 

Was the 

recruitment 
strategy 

appropriate to 

the aims of 
the research? 

Were the data 

collected in a 
way that 

addressed the 

research 
issue? 

Has the 

relationship 
between 

researcher and 

participants 
been 

adequately 

considered? 

Have ethical 

issues been 
taken into 

consideration? 

Was the data 

analysis 
sufficiently 

rigorous? 

Is there a clear 

statement of 
findings? 

Is the research 

valuable? 

Overall score 

(out of 20) 

Did author 

provide 
further 

information? 

1 
Agard et al, 

2005(499) 
2 2 2 2 2 0 1 0 1 1 13 

NO 

2 
DeAngelis et al, 

2017(500)  
2 2 2 1 1 1 0 1 1 2 13 

NO 

3 

Frich, 2007(501) 2 2 2 2 2 2 2 2 2 2 20 YES 

Frich et al, 

2006(515) 
2 2 2 2 2 2 2 2 1 2 19 

YES 

Frich et al, 

2007(516)  
2 2 2 1 2 2 2 2 2 1 18 

YES 

Frich et al, 

2007(464)  
2 2 2 2 2 2 2 2 2 2 20 

YES 

4 

Hallowell et al, 

2017(502) 
2 2 2 2 2 1 2 1 1 2 17 

YES 

Jenkins et al, 

2013b(504)  
2 2 2 1 2 0 2 1 1 2 15 

YES 

Jenkins et al, 

2013a(503)  2 2 2 1 2 0 2 1 0 1 13 
YES 

5 
Hardcastle et al, 

2015(463) 
2 2 2 2 2 1 2 1 2 2 18 

YES 

6 
Hollands et al, 

2012(505) 
2 2 2 2 0 0 2 1 1 1 13 

NO 

7 
Hollman et al, 

2004(506)  
2 2 2 2 2 1 2 2 2 2 19 

YES 

8 
Keenan et al, 

2018(507) 
2 2 2 2 2 0 2 1 1 2 16 

YES 

9 
Kirkegaard et al, 

2014(508)  2 2 2 2 2 1 2 2 1 1 17 
YES 

10 

Mackie et al, 

2015(509) 2 2 2 2 2 2 1 2 2 2 19 
NO 

Sliwinski et al, 

2017(465)  2 2 2 2 2 2 1 2 2 2 19 

NO 

11 
Meulenkamp et al, 

2008 (510)   
2 2 2 2 2 1 2 2 2 2 19 

YES 

12 
Mortensen et al, 

2008(511) 2 2 2 1 1 0 0 1 1 1 11 
NO 

13 Urke, 2016(512)  2 2 2 2 2 2 2 2 2 2 20 NO  

14 

Weiner, 2006(513) 2 2 2 1 2 1 2 1 2 2 18 YES 

Weiner and 

Durrington, 

2008(466) 

2 2 2 1 2 1 2 1 2 2 17 

YES 

Weiner, 2009(517) 
2 2 2 1 2 1 2 1 1 1 16 

YES 

Weiner, 2011(518)  2 2 2 1 2 1 2 1 1 2 16 
YES 

15 
Senior et al, 2002 

(514)  
2 2 2 2 1 0 0 1 1 1 12 

NO 

Scoring system: 0=No criteria fulfilled or can’t tell; 1= some criteria fulfilled; 2= All criteria fulfilled.  
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Table 2 Summary of methodological limitations and transferability considerations of the included papers 
S

a
m

p
le

 

n
u

m
b

er
 

Paper   

C
A

S
P

 

q
u
al

it
y

 

S
C

O
R

E
 &

 

ra
ti

n
g
 Methodological and reporting limitations Transferability considerations of sample  

1 

Agard et al, 
2005(499) 

13 Low 

 

Lack of details provided about the rigour of the analysis process. 
Authors self-selected the data from interviews to transcribe.  

Data saturation not discussed. 

Relationship between researcher and participants was not adequately considered. 
Credibility of findings and the limitations of study design not addressed when reporting the findings. 

No details of informed consent or if participants were told about data confidentiality or their right to 

withdraw. 

No sampling strategy used but sample comprised of a good range of ages, genders, 
history of CVD events and age of diagnosis. 

All recruited from one clinic. 

All from Sweden. 

2 

DeAngelis 

et al, 

2017(500)  
13 Low 

Ethical issues not addressed.  

Group meetings may have resulted in lack of representative findings as certain individuals may have 

dominated the conversations or individuals may have felt unable to voice their own opinions. 

Lack of disconfirming cases presented 
No details of informed consent or if participants were told about data confidentiality or their right to 

withdraw. 

All very motivated and engaged individuals to volunteer for this group. 

Many receiving apheresis treatment. 

3 

Frich, 
2007(501) 

20 high 
Study limitations not addressed when reporting the findings.  

All motivated to seek treatment as active attendees of lipid clinic. 

Majority young (70% 10-39 years) and asymptomatic. 
Large (40) sample size. 

All from Norway. 

All recruited from one lipid clinic. 

Frich et al, 

2006(515) 
19 High 

Lack of disconfirming cases presented and discussion against the findings.  

Frich et al, 
2007(516)  

18 High 
Lack of disconfirming cases presented and discussion against the findings. 

Frich et al, 

2007(464)  
20 High 

Study limitations not addressed when reporting the findings.  

4 

Hallowell et 
al, 

2017(502) 

17 Medium 
Lack of details provided about the rigour of the analysis process  
Relationship between researcher and participants was not adequately considered All participants regularly attend lipid clinics and opted in for DNA testing.  

Relatively well education (42% university education).  

All participants from Scotland.  
No sampling strategy used so likely not representative. 

Half of patients from professional/skilled non-manual background. 

Ethnicity not provided but authors state majority white British. 
Recruited from two lipid clinics. 

Jenkins et 
al, 

2013b(504)  

15 Medium 
Credibility of findings and the limitations of study design not addressed when reporting the findings 
 Relationship between researcher and participants was not adequately considered. 

Jenkins et 

al, 
2013a(503)  

13 Low 

Lack of details provided about the rigour of the analysis process.  

Credibility of findings and the limitations of study design not addressed when reporting the findings. 
Relationship between researcher and participants was not adequately considered. 

5 

Hardcastle 

et al, 
2015(463) 

18 High 

Analysis carried out by one individual only with no independent verification of themes conducted.  

Relationship between researcher and participants was not adequately considered. 
 

Sample not randomly selected. 

Recruited from one clinic.  
All live in metropolitan Perth, Australia.   

6 

Hollands et 

al, 

2012(505) 

13 Low  

Lack of disconfirming cases presented and arguments against findings.  

Data saturation not discussed. 

Relationship between researcher and participants was not adequately considered. 
Credibility of findings and the limitations of study design not addressed when reporting the findings. 

Recruited across 11 lipid clinics. 

All from the U.K. 

All recently identified as being at risk of FH and during study received either clinical 
or DNA test results. 

Sample included in analysis includes participates with DNA positive and Non-DNA 
positive diagnosis. 

Majority (14/19) white British. 

7 

Hollman et 

al, 
2004(506)  

19 High 

Relationship between researcher and participants was not adequately considered. All Swedish. 

All recruited from one lipid clinic. 

8 

Keenan et 

al, 
2018(507) 

16 Medium 

Credibility of findings and the limitations of study design not addressed when reporting the findings. 

Relationship between researcher and participants was not adequately considered. 
Analysis carried out by one individual. 

All had consented to genetic testing. 

All from Scotland. 
All participants white, and majority highly educated. 

Majority of participants asymptomatic. 
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Patients were self-selected from HCP who excluded participants if they felt they were 
too vulnerable, which included if had experienced a recent bereavement.  

13 of parents had FH, 4 were spouses of those with FH 

9 

Kirkegaard 

et al, 
2014(508)  

17 Medium 

Lack of results to support conclusions drawn.  

Credibility of findings and the limitations of study design not addressed when reporting the findings. 
 

 

All asymptomatic. 

Only 2 FH patients and 1 relative of FH patient.  

10 

Mackie et 
al, 

2015(509) 

19 High 

No details of informed consent or if participants were told about data confidentiality or their right to 
withdraw.  

Most participants had private medical insurance, were white and all actively engaged 
with the healthcare system. 

All recruited from same healthcare system. 

All patients from Massachusetts, U.S.A. 
Sliwinski et 
al, 

2017(465)  

19 High 
No details of informed consent or if participants were told about data confidentiality or their right to 
withdraw. 

11 

Meulenkam

p et al, 2008 

(510)   

19 High 

Relationship between researcher and participants was not adequately considered-three interviewers 

carried out the interviews and the potential bias this may incur was not addressed 

All recruited from one health intuition. 

All engaged with healthcare system and willing to talk about their condition. 

11/16 were females. 

12 

Mortensen 

et al, 
2008(511) 11 Low 

Lack of details provided about the study methodology or rigour of analysis process. 

Data saturation not discussed. 
Relationship between researcher and participants was not adequately considered. 

Credibility of findings and the limitations of study design not addressed when reporting the findings. 

Ethical issues not addressed.  

Half participants were reaching treatment goals, half were not. 

All recruited from one genetic centre. 
All Danish. 

Only 1 female in the group of patients reaching treatment targets 

13 
Urke, 
2016(512)  20 High 

Coding and analysis of data was primarily independent, with the student’s supervisors only overseeing 
it. 

Sample comprised of non-attenders at clinic-not been seen for at least 2 years  
Wide geographical spread, but all participants from Norway 

Participants recruited from one clinic  

14 

Weiner, 
2006(513) 18 High 

Analysis by single researcher and potential bias not addressed 
Data saturation not discussed. 

Relationship between researcher and participants was not adequately considered. 

Quota sampling used but all were white and majority (28/31) white British, 65% 

were ≥46 years old and 50% from professional occupations. 
Participants recruited from one clinic. 

Half self-reported experiencing some form of CHD. 

All from North England, U.K. 
All attended lipid clinic for at least 1 year, most for substantially longer. 

Weiner and 

Durrington, 

2008(466) 
17 Medium 

Analysis by single researcher and potential bias not addressed.  

Data saturation not discussed. 

Relationship between researcher and participants was not adequately considered. 

Credibility of findings not addressed when reporting the findings. 

Weiner, 
2009(517) 

16 Medium 

Analysis by single researcher and potential bias not addressed. 
Data saturation not discussed. 

Relationship between researcher and participants was not adequately considered. 

Credibility of findings not addressed when reporting the findings. 

Weiner, 

2011(518)  
16 Medium 

Analysis by single researcher and potential bias not addressed. 

Data saturation not discussed. 

Relationship between researcher and participants was not adequately considered. 
Credibility of findings not addressed when reporting the findings. 

15 

Senior et al, 

2002 (514)  

12 Low 

Lack of details provided about the study methodology or rigour of analysis process.  

Ethical issues not addressed. 

Data saturation not discussed.  
Credibility of findings or limitations of study methodology not addressed when reporting findings. 

Relationship between researcher and participants was not adequately considered. 

All motivated to participate in research as recruited from ongoing trial. 

All lived in central London. 

All clinical diagnosis, but 5 had DNA diagnosis confirmed and 2 had negative DNA 
test. 
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Appendix 4.1 Rationale for the dietary and physical activity recommendations to be 

targeted in the intervention 

 

As described in chapter one, all clinical guidelines for the treatment of children and adults 

with FH include recommendations for dietary intakes and physical activity. The 

recommendations are very similar across guidelines, although small differences are apparent. 

The recommendations selected to be included as targets of the behavioural intervention in 

this research are summarized below:  

 

1. Total daily fat intake ≤30% of TEI 

2. Daily saturated fat intake of ≤10% TEI achieved via replacement with monounsaturated 

and polyunsaturated fats 

3. Daily dietary cholesterol intake ≤300mg 

4. Consumption of ≥ 5 portions of fruit and vegetables a day  

5. Age appropriate fibre intake: 10-year-olds= 20g/day; 11-16 year-olds = 25g/day and 

30g/day for ≥17 years 

6. Consumption of 2g of plant sterols or stanols per day  

7. Reduce time spent engaged in sedentary behaviors  

8. Age appropriate physical activity levels:  

• Adults aged 19-64 years: ≥ 150 minutes a week of moderate intensity physical 

activity or ≥ 75 minutes of vigorous intensity physical activity, or a mixture of the 

two. Additional activity focusing on improving muscle strength should be undertaken 

twice a week. 

• Children aged 5-18 years: ≥ 60 minutes of moderate-to-vigorous physical activity 

each day, with 3 of these sessions each week being of vigorous intensity and 

including activities that strengthen muscle and bone.  

These recommendations reflect the U.K. NICE guidelines, (58) as the developed intervention 

was to be delivered in an U.K. context, in the first instance. However, three additional 

recommendations were included for reasons described below:  

1) Consumption of 2g/day plant sterol or stanols  

While the U.K. NICE guidelines do not consider plant sterols and stanols to be an essential 

component of dietary treatment, (58) a recommendation for their intake was included in the 

intervention for the following reasons: the promising evidence to support the addition of plant 
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sterols or stanols to the cholesterol lowering diet in children and adults with FH; (250) the 

indication for use in individuals with FH from the age of six in EAS and AHA clinical 

guidelines for the management of high cholesterol; (30, 209, 308) recommendation for use in 

other and more recent clinical guidelines for the management of FH; (59, 85, 147, 166, 167) 

their inclusion in the resources produced by HEART UK: The cholesterol charity, (889) 

which are recommended for use in the recent U.K. guidelines for the management of FH in 

children. (185)  

2) Age appropriate fiber intakes  

All the clinical guidelines advocate a Mediterranean dietary pattern and the high fiber content 

of this dietary pattern may be of particular benefit to individuals with high cholesterol levels. 

(284-287) Therefore a specific recommendation for fiber intake was been included as a 

specific goal of dietary treatment in this research, using values derived from the guidelines 

for fiber intake for the general population in the U.K. (890)  

3) Reduce time spent engaged in sedentary behaviours 

Only the NICE guidelines specify the type or amount of physical activity to be included as 

part of lifestyle treatment which is based upon the advice for the general population. (58) 

However, the lifestyle treatment section of the NICE guidelines have not been updated since 

2008 and therefore do not include reflect the updated physical activity guidelines for the 

general population which now include advice to reduce sedentary behaviours. (238) This was 

therefore added as an additional recommendation to be targeted by the intervention.   

 

Additionally, while not stated in the U.K. NICE guidelines, (58) other clinical guidelines 

advocate reducing intake of trans fatty acids (TFA). (59, 85, 166)This was not selected as a 

recommendation to be targeted in the intervention in this research for two reasons. Firstly, 

intakes in the U.K. general population are below the maximum recommended intakes of 2% 

total energy intake. (272) Secondly, as most TFA are found in processed foods, it is 

recognised that reducing intakes of TFA requires interventions targeting the use of TFA by 

the food industry. (891, 892) It was therefore not deemed to be appropriate or required for the 

intervention to target intakes of TFA in the present research. Lastly, in light of the lack of 

research to support the effectiveness of the current recommendations, it was decided that the 

intervention would not target additional dietary components that have been investigated to a 

small extent, such as protein or omega-3 fatty acids. (250) 
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Appendix 4.2 The definitions of the BCT selected for inclusion in the intervention 

Table 1 List of the behaviour change techniques (BCT) to be included in the intervention and 

their definition. Reproduced from the BCT Taxonomy V1 (BCTTv1). (588) 

Behaviour change 

technique (BCT) 
Definition  

Action planning Prompt detailed planning of performance of the behaviour (must include at least one of 

context, frequency, duration and intensity). Context may be environmental (physical or 

social) or internal (physical, emotional or cognitive) 

Behaviour substitution Prompt substitution of the unwanted behaviour with a wanted or neutral behaviour 

 
Behavioural 

practice/rehearsal  
Prompt practice or rehearsal of the performance of the behaviour one or more times in a 

context or at a time when the performance may not be necessary, in order to increase 

habit and skill 

 
Biofeedback  Provide feedback about the body (e.g. physiological or biochemical state) using an 

external monitoring device as part of a behaviour change strategy 

 
Comparative imaging of 

future outcomes 
Prompt or advise the imagining and comparing of future outcomes of changed versus 

unchanged behaviour 
Credible sources Present verbal or visual communication from a credible source in favour of or against the 

behaviour 

 
Demonstration of the 

behaviour 
Provide an observable sample of the performance of the behaviour, directly in person or 

indirectly e.g. via film, pictures, for the person to aspire to or imitate 
Feedback on outcomes 

of behaviour 
Monitor and provide feedback on the outcome of performance of the behaviour 

Framing/re-framing  Suggest the deliberate adoption of a perspective or new perspective on behaviour (e.g. its 

purpose) in order to change cognitions or emotions about performing the behaviour 

 
Goal setting 

(behavioural)  
Set or agree on a goal defined in terms of the behaviour to be achieved 

Graded tasks Set easy-to-perform tasks, making them increasingly difficult, but achievable, until 

behaviour is performed 

 
Identification of self as 

a role model 
Inform that one's own behaviour may be an example to others 

Information about 

antecedents  
Provide information about antecedents (e.g. social and environmental situations and 

events, emotions, cognitions) that reliably predict performance of the behaviour 

 
Information about 

emotional 

consequences   

Provide information (e.g. written, verbal, visual) about emotional consequences of 

performing the behaviour Note: consequences can be related to emotional health 

disorders (e.g. depression, anxiety) and/or states of mind (e.g. low mood, stress) 

 
Information about 

health consequences  
Provide information (e.g. written, verbal, visual) about health consequences of 

performing the behaviour 

 
Instruction on how to 

perform behaviour 
Advise or agree on how to perform the behaviour 

Problem solving Analyse, or prompt the person to analyse, factors influencing the behaviour and generate 

or select strategies that include overcoming barriers and/or increasing facilitators 
Prompts and cues Introduce or define environmental or social stimulus with the purpose of prompting or 

cueing the behaviour. The prompt or cue would normally occur at the time or place of 

performance 

 
Restructuring the 

physical environment 
Change, or advise to change the physical environment in order to facilitate performance 

of the wanted behaviour or create barriers to the unwanted behaviour 
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Restructuring the social 

environment  
Change, or advise to change the social environment in order to facilitate performance of 

the wanted behaviour or create barriers to the unwanted behaviour 

 
Social support 

(emotional) 
Advise on, arrange, or provide emotional social support (e.g. from friends, relatives, 

colleagues, ‘buddies’ or staff) for performance of the behaviour 
Social support 

(practical) 
Advise on, arrange, or provide practical help (e.g. from friends, relatives, colleagues, 

‘buddies’ or staff) for performance of the behaviour 
Verbal persuasion about 

capabilities  
Tell the person that they can successfully perform the wanted behaviour, arguing against 

self-doubts and asserting that they can and will succeed 
Focus on past success  Advise to think about or list previous successes in performing the behaviour (or parts of 

it) 

 
Review behavioural 

goal(s) 
Review behaviour goal(s) jointly with the person and consider modifying goal(s) or 

behaviour change strategy in light of achievement. This may lead to re-setting the same 

goal, a small change in that goal or setting a new goal instead of (or in addition to) the 

first, or no change 

 
Self-monitoring of 

behaviour (prompt to) 
Establish a method for the person to monitor and record their behaviour(s) as part of a 

behaviour change strategy 
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Appendix 4.3 Checklist for initial session of intervention completed by dietitians 

 
Instructions for dietitian 

This checklist is intended to be used during the delivery of the initial session of the 

intervention. Please complete one per family member and follow the instructions below.   

 

Part 1: Delivery of session and checklist 

 

• Pages 2-8 provide a detailed outline of the information to be delivered during the initial 

session. A script is provided but remember to tailor the content to the needs of each 

individual participant. Suggested prompts are provided to encourage involvement of 

participants-especially the young persons. 

 

• The session is split into 8 sections and the aims of each are outlined in table 2 on page 2 

of this document. 

 

• Each section is comprised of several sub-sections. Please indicate (with a tick or cross) 

which sub-sections are delivered to each participant in the boxes provided on pages 3-8. 

•  If a sub-section or section is not delivered, please provide detailed reasons in Table 2 on 

page 8.  

• Each participant is to be given an intervention booklet during this session- to be handed 

out during section 3.  

• Please ensure you have a copy of the participants’ dietary intake that they recorded over 

four days in the week preceding this initial session.  

Part 2: Recording details of goals, barriers and session duration  

• Please complete details of goals set with participant in space provided on page 9 

• Please complete details of barriers and solutions discussed with participant in Table 3 on 

page 1o 

• Please complete length of session and mode of delivery in space provided 

• Please complete accompanying BCT checklist for initial session 

 

 

 

 

Please sign and date this checklist (page 11) and send a copy via email to chief investigator 

Fiona Kinnear (Fiona.kinnear@nhs.net). Please store original copy in the site file. 

 

 

 

 

 

 

 

 

mailto:Fiona.kinnear@nhs.net
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Part 1: Delivery of session and checklist 

Table 1: Sections of initial session and the aims for participants  

Section Aims for participants 

1. Introduction and 

overview  

-To understand the purpose of the intervention, what will be 

involved and what they will be asked to do 

2. Scientific rationale for 

intervention 

-To understand the importance of nutrition and physical activity 

(PA)in the management of FH and for their overall health.  

-To be aware of the importance placed on nutrition and PA by 

national and international guidelines for FH and the current 

recommendations in England that all FH patients should receive 

individualised advice about nutrition & PA 

-To understand that the earlier treatment for FH starts, the more 

effective it is and this is why it is important to optimise nutrition 

and PA from a young age 

3. Education about 

nutrition targets 

-To know what a healthy balanced diet looks like, including the 

food groups and the proportion each one should make to diet 

-To know what the 5 nutrition targets of the intervention are 

-To understand why each target is important for their health and 

for the management of their FH 

-To understand what foods to include/exclude and/or 

increase/decrease consumption of to achieve targets  

4. Education about PA 

targets 

-To know what they PA recommendations are for their age 

-To know what the different levels of PA are (low, moderate and 

high) and what types of PA fall into which group 

-To understand how they incorporate more PA into their lifestyle 

to help increase PA levels to recommended amounts (or more) in 

addition to reducing sedentary behaviours. 

5. Goal setting -To agree with dietitian upon SMART goals for each of the 

targets. These will be changes to their lifestyle that they agree to 

make over the following 12 weeks to achieve nutritional intakes 

and PA levels closer to the targets.   

6. Barriers and solutions -To identify potential barriers that may prevent them from 

meeting the goals set 

-To identify, through discussion with dietitian and other family 

member, solutions to these barriers 

7. Follow up 

arrangements  

-To understand what will happen over the following 12 weeks 

-To understand the purpose of the weekly reflection diaries and 

know how to fill them out 

-To know what will be discussed during these follow ups 

8. Wrap up  -An opportunity to ask any unanswered questions 

-To receive summary of all that was discussed in session  

-To receive encouragement and motivation from dietitian  
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Section 1: Introduction and overview of intervention  

  Complete

d 

 Welcome parent and child to the intervention part of the study  

A Explain the format of the intervention:  

• This 1-hour meeting with me today  

• 4 follow up follow phone-calls/ emails over the next 12 weeks  

• Explain what a dietitian is  

 

B Explain what will be involved in the intervention: 

• A discussion about the nutrition and PA recommendations for people 

with FH and why they are important 

• Working together to agree upon some goals that each of you can make to 

help reach the nutrition and PA targets over the next 12 weeks 

• Identifying barriers to achieving these goals and working together to find 

solutions to these 

• Reviewing and adjusting the goals at each follow up session 

 

C Explain the approach of the intervention: 

• This is not a restrictive, short-term diet plan. It is advice to help you live 

a healthier lifestyle by providing you with up to date and correct 

information and helping you to decide upon what long term changes you 

can make 

•  I’m not going to just tell you what you can and can’t eat. All the advice 

we discuss and goals we set together will be tailored to you and your 

needs and preferences  

• However, I would ask you to be open to trying new foods and activities 

as sometimes we need to do this to find out things we didn’t know we 

liked  

 

 

Section 2: Scientific rationale for the intervention  

  Completed 

A Discuss the benefits treating FH (medication & lifestyle together):  

• Unlike other causes of high cholesterol, as you have FH you need to 

take medication to help lower the amount of ‘bad’ LDL cholesterol 

• By lowering the amount of LDL cholesterol, you reduce your risk of 

developing heart problems when you are older, meaning you can live 

for longer and be in better health 

• We know that the best results are seen in people who start their 

treatment at a young age, so even though you might feel healthy now it 

is important to follow the treatment your doctor gives you  

 

B Discuss where nutrition and PA fits into treatment for FH:  

• Leading a healthy lifestyle (not smoking, being a healthy weight, eating 

well and being physically active) is NOT a replacement for medication 

• It can help directly by:  

o Helping reduce your ‘bad’ LDL cholesterol even further than 

medication alone. This is achieved through eating more of 

certain foods that we know decrease LDL cholesterol and eating 

less of foods that we know increases LDL cholesterol 
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o Can increase your ‘good’ HDL cholesterol (medication can’t 

increase this) 

o Delay how soon you will need to increase medication dose 

• It can also help manage your FH and it’s risks indirectly: 

o Help manage other risk factors for heart problems such as blood 

pressure and weight 

o Help you stay at a healthy weight which in turn can reduce 

the ‘bad’ LDL cholesterol 

• Research studies have found that among people with FH, the risk of 

developing a heart problem varies a lot. This research has found that the 

differences in the risk can be explained by the individual’s lifestyle. 

Those who are overweight or have high blood pressure are at higher 

risk 

o This highlights the importance of living a healthy lifestyle  

C Discuss other benefits of living a healthy lifestyle:  

• Being physically active can improve your mood and make you feel 

happier  

• Eating a nutritious diet can make you feel happier, have more energy, 

improve your skin and help you perform your best in school and work   

 

D Discuss the national and international guidelines for FH: 

• NICE, a committee of experts who review all the available evidence 

from research studies and translate it into recommendations for doctors, 

recognise the importance of nutrition and PA in the management of FH 

• NICE state that all individuals with FH should receive advice from a 

dietitian to help them live a lifestyle that matches the nutrition and PA 

guidelines they recommend 

• Similar organisations across the world has also reviewed all the 

evidence and concluded upon the same nutrition and PA guidelines 

 

E Emphasis the benefits of living a healthy lifestyle: 

• Even with medication, people with FH are still more likely to have 

heart problems earlier on than someone without FH 

• BUT there is evidence to show that for people with FH who start 

treatment early and live a healthy lifestyle, they can reduce this risk 

even further and expect to live as long as someone without FH 

 

F Discuss why we are having a family-based intervention: 

• FH runs in families and it makes sense for you all to make changes 

together 

• Children learn lots of nutrition and PA habits from their parents, so by 

asking parents to lead healthy lifestyles this can help children  

• Parents often do lots of the cooking for younger children, so it is also 

important that they are on board with the lifestyle changes 

• Family members can offer support to each other which makes it easier 

• As the targets (apart from one which we will discuss) are the same as 

the healthy lifestyle advice given to people without FH, other members 

of your family can take part too and you can all help each other out 
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Section 3: Education about nutrition targets 

For each nutritional target discussion, there is listed content that should be communicated, 

however it is not to be just read out to participants. The information is to be delivered in a 

conversational style with child and their parent, encouraging them to be involved by asking 

them what they know, what they think etc. Try to get them to give the answers first. 

  Completed 

A Give each participant an intervention booklet and explain that you will now 

go through what a healthy lifestyle looks like for people with FH- going 

through the nutritional and PA recommendations one by one.  

 

B Turn to page 2 and discuss the Eatwell plate. Direct the following questions 

at the child but encourage participation/ help from parent: 

• Have you seen the Eatwell plate before at school or elsewhere? 

• Would you be able to tell me a little about what it is? 

• Can you name one of the food groups?  

• What types of food do you think would be in this group?  

Depending on how well they appear to understand the concept, discuss with 

them the Eatwell plate and what it represents: 

• Represents what a healthy, balanced diet could look like. It shows how 

much food we eat should come from each food group 

• Explain each of food groups, including examples of common foods 

• Ask child what they ate for dinner last night and compare to the plate 

Explain how this links to FH lifestyle recommendations 

• The nutritional recommendations for FH are very similar to those 

recommended for people without FH 

• Everyone should use the Eatwell plate as a guide  

• For FH management there are five really important things that we would 

like to pay particular attention to and that is what we will discuss next 

 

C Turn to page 3 and discuss target 1: Fats 

Information to be communicated: 

• Low fat diet is preferable for people with FH  

• Research evidence about SFA increasing LDL cholesterol  

• How to read labels to identify low fat foods  

• The difference between saturated and unsaturated fats 

• How to read labels to identify foods low in saturated fats 

• What foods are high in saturated fats 

• What foods are high in unsaturated fats 

• Food swaps to reduce saturated fats and increase unsaturated  

Helpful prompts and questions: 

• Do you know what saturated and unsaturated fats are? 

• What foods contain saturated fats? And unsaturated fats? 

• Do you eat any of these foods containing unsaturated fats?  

• Can you think of any swaps to reduce saturated fats? 

 

D Turn to page 4 and discuss target 2: Dietary cholesterol 

Information to be communicated: 

• The difference between blood and dietary cholesterol   

• Research about dietary cholesterol and LDL cholesterol in FH patients 

• Such small amounts in foods, doesn’t have impact upon blood 

cholesterol in most people. However, it can increase blood cholesterol 
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levels in people with FH because they are not able to process cholesterol 

normally because of their faulty gene 

• Foods high in dietary cholesterol  

• How many of each you are able to eat per week   

Helpful prompts and questions: 

• Do you know what foods contain cholesterol? 

• Why do you think that people with FH can’t eat too many of these? 

E Turn to page 5 and discuss target 3: eating more fruits and vegetables 

Information to be communicated: 

• At least 5 portions of fruit and vegetables per day 

• What a ‘portion’ is 

• High in vitamins, minerals and fibre  

• Tips for increasing amount of F&V into diets 

Helpful prompts and questions: 

• What is your favourite fruit/vegetable? 

• Why do you think fruits and vegetables are good for us? 

 

F Turn to page 6 and discuss target 4: eating more fibre 

Information to be communicated: 

• There are two types of fibre and both are important for staying healthy 

• However soluble fibre may help directly reduce LDL cholesterol by 

‘trapping’ cholesterol found in other foods and stop it being absorbed 

• Foods high in soluble and insoluble fibre   

• Food swaps to increase fibre intake 

Helpful prompts and questions: 

• Do you know what the two types of fibre are?  

• Can you think of some foods that contain lots of fibre?  

 

G Turn to page 7 and discuss target 5: plant sterols/stanols 

Information to be communicated: 

• Plant stanols/sterols are found naturally in foods in small amounts. 

• They ‘compete’ with cholesterol and stop it being absorbed into the 

body which can reduce blood cholesterol 

• There is lots of research that it can reduce LDL levels of children and 

adults with FH even more than statins alone.  

• Easiest way to eat enough is to have a yogurt drink once per day 

• Must be taken every day and with main meal 

• Evidence to show they are safe in children aged 6 and above- but ONLY 

if have FH. Other children in family without FH should not have 

• Where they can be purchased and rough price estimate. Supermarket 

own brands 30p a bottle, brands about 60p a bottle.  

• Make sure to emphasis it is the cholesterol reducing yogurt drink, not 

the prebiotic/probiotic yogurt drinks  

Helpful prompts and questions:  

• Have you heard of plant sterols/stanols before? 

• Have you tried one of these yogurt drinks before?  

 

 Allow for any questions from participants.   

Section 4: Education about physical activity targets  
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The information is to be delivered in a conversational style with child and their parent, 

encouraging them to be involved by asking them what they know, what they think etc. Try to 

get them to give the answers first. 

  Completed 

 Explain that we are now going to discuss the PA recommendations for 

people with FH and ask to turn to page 8  
 

A Discuss benefits of PA for general health: 

• Lots of evidence to show people who are physically active have lower 

risk of heart disease, cancers and other diseases 

• PA can help you stay a healthy weight which reduces risk of developing 

any diseases 

• PA can improve your mood, energy levels and make you feel happier  

• It is also something you can do with your friends or family and bring 

you closer together 

Discuss benefits of PA for FH management: 

• People with FH are at higher risk of developing heart problems. As PA 

has been shown to reduce the risk of heart disease, it is extra important 

for people with FH to be physically active 

• In addition to the positives we already discussed, it can directly reduce 

your levels of LDL cholesterol and increase HDL cholesterol  

 

B Discuss the recommended levels of PA: 

Information to be communicated: 

• Recommended levels and types of PA for children and adults 

• What low, medium and high intensity means and examples of each 

• Importance of reducing sedentary time 

• That these are targets but no limit exists- the more PA and less sedentary 

time the better   

Useful prompts and questions: 

• Do you know how many minutes of physical activity is recommended? 

• What do you think might count as an activity that would be high 

intensity?  

• Do you play any sports? 

 

 

Section 5: Goal setting   

  Completed 

A • Encourage participant to set some specific goals for each of the 

nutritional targets (except for plant sterols/stanols) – best to be: 

o Specific, measurable, attainable, realistic, time-based  

o E.g., Have fruit for dessert 3 evenings of the week OR switch to 

wholegrain bread for lunchtime sandwiches during weekdays  

• Encourage discussion between parent and child to come to agreement 

upon these. For young children, the parents and childs’ goals may be the 

same whereas for older children who make some of their own food 

choices, they may have their own unique ones.  

 

B • Explain to participant that you would like them to use the ticklist on 

page 11 to record their intake of plant sterols/stanols drinks. Encourage 

dyad to: 

o Stick up ticklist on the fridge and record daily if they consume 

the drink 
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o Agree upon a time that they will take it (ideally with main meal 

of day) 

o Suggest a phone alarm reminder to be set 

C • Ask participants to record physical activity they already do each day in 

the goal setting section, this will highlight to young persons the days 

where they are not meeting the recommended 60 minutes and adults if 

they are achieving the 150 minutes per week 

• Encourage participant to set some specific goals for the days they are 

not meeting the recommendations. They should be: 

o Specific, measurable, attainable, realistic, time-based  

o E.g., walk to school 2 times per week instead of getting bus OR 

family walk every Saturday afternoon for 1 hour 

• Encourage participants to include some family-based goals that they can 

do together for instance a family walk or cycle ride.  

• If participant is already doing an activity on a certain day (i.e. football 

training on a Monday) then record that on the Monday section to 

encourage continuation of existing activity.  

• Goals relating to reducing sedentary behaviour may be set for all days 

 

 

Section 6: Barriers and solutions 

  Completed 

A • Discuss what barriers the participant thinks they could face when trying 

to achieve the goals they just wrote down.  

• Encourage participant to record barriers in the ‘barriers and solution’ 

page in the intervention booklet.  

• Parents and children encouraged to discuss together.  

 

B • Discuss some solutions to these barriers, involving both parent and 

child: What do you think you could do to stop XX from getting in the 

way of eating more fruits and vegetables? 

• Encourage participant to write down this solution in the ‘barriers and 

solution table’ in the intervention booklet.  

 

C • Ask participant to look back at this table when they are faced with these 

barriers over the upcoming 12 weeks. It may help to keep the table 

somewhere they see it regularly such as their bedroom or in the kitchen.  

 

 

Section 7: Further support and follow up arrangements  

  Completed 

A Provide participant with links to suitable websites that can offer recipe 

suggestions and further details of the recommendations i.e. HEART UK 

website and NHS change4life  

 

B Provide participant with information about their local council organisations 

and fitness centres which they could access to help increase PA levels  
 

C Discuss with participants the importance of involving family and friends in 

your goals so that they will help hold you accountable 
 

D • Discuss the importance of keeping track of your behaviour through self-

monitoring and reflecting: 

o Reflecting on our weeks helps us to be able to look back and see 

what we have done. It is easy to forget just what you have 

achieved when life is so busy 
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o This is important, so you can celebrate your successes or see if 

you want to do a little bit more 

• Direct participants to the reflection diaries in the intervention booklet 

and explain that we would like them to use that space to record how they 

are getting on with the goals that they have set.  

• Suggest they both agree upon a time once a week that suits to do this. 

• Explain that these will be useful for our follow up conversations. 

 • Agree upon dates and times for the 2, 4, 8 and 11-week follow ups. 

• Obtain phone number from participant to call them on 

• If they would prefer email contact then take email address from them.  

 

 

Section 8: Wrap up   

  Completed 

 Thank participant for their participation over the last hour  

A Recap what was covered: 

• What the nutritional and PA targets are 

• Their goals for achieving those 

• Their perceived barriers and solutions for these 

• Reflection diaries 

• Follow up phone call arrangements  

 

B Remind participant to contact anytime they would like outside of the follow 

ups if required 
 

 

Table 2: Reasons for any sections or sub-sections not delivered to participant 

 

Section (sub-section) Reasons not delivered 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part 2: Recording details of goals, barriers and session duration 

Please note- not all participants will have set three goals for the nutrition target. For the 

physical activity targets, just record the new (or revised) activity per day it is agreed to be 

performed on. If a more general goal, not specific to a certain day, then provide details.  
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Date of intervention: __ __ /__ __ / __ __ __ _    Duration (minutes): __ __   
 
Delivery method: (face to face or telephone): ______________________________ 

1. Goals for target 1: Reducing saturated fat and replacing it with unsaturated fats 

Goal 1: 

________________________________________________________________________ 

Goal 2: 

________________________________________________________________________ 

Goal 3: 

________________________________________________________________________ 

2. Goals for target 2: Reducing dietary cholesterol  

Goal 1: 

________________________________________________________________________ 

Goal 2: 

________________________________________________________________________ 

Goal 3: 

________________________________________________________________________ 

3. Goals for target 3: Increasing fruits and vegetables 

Goal 1: 

________________________________________________________________________ 

Goal 2: 

________________________________________________________________________ 

Goal 3: 

________________________________________________________________________ 

4. Goals for target 4: Increasing fibre intake  

Goal 1: 

________________________________________________________________________ 

Goal 2: 

________________________________________________________________________ 

Goal 3: 

________________________________________________________________________ 

5. Agreements for target 5: Drink 1 plant stanols/sterol drink per day 

Location of checklist: 

__________________________________________________________ 

Agreed time of day to have it:__________________________________________________ 

6. Goals for increasing physical activity  

Monday 

________________________________________________________________________ 

Tuesday: 

________________________________________________________________________ 

Wednesday_________________________________________________________________

_______ 

Thursday: 

________________________________________________________________________ 

Friday: 

________________________________________________________________________ 

Saturday 

________________________________________________________________________ 

Sunday:  

________________________________________________________________________ 
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7. Please record any barriers that participant identified, along with solutions in table 3:  

Table 3: Barriers and solutions  

Barrier Solutions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Agreed dates and times for follow up: 

Week 2 follow up: ____________________________________________________ 

Week 4 follow up: ____________________________________________________ 

Week 8 follow up:_____________________________________________________ 

Week 11 follow up: ___________________________________________________ 

9. Method of contact for follow up: 

Preferred method of contact: (please circle) 

Phone   Email     

Contact information provided: 

______________________________________________________ 

___________________________________________________________________________

______ 

10. Family or individual follow up 

Does the participant wish to receive individual follow up from the dietitian, or will the 

contact be as a family? Please provide details: 

______________________________________________________ 

___________________________________________________________________________

______ 

___________________________________________________________________________

______ 

11. Additional Session Notes: 
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Appendix 4.4 Checklist for intervention follow-up sessions completed by dietitians  

• The following checklist gives information of topics to be discussed with the participant 

during the 2, 4, 8 and 11-week check in with participants.  

• There are four sections, comprised of several sub-sections, to be covered, please record 

(tick or cross) which of these sections are delivered 

• Please record reasons for any sections or sub-sections not delivered in table 1 on page 4 

• Please use the space provided in each section (and sub-section) to record participants 

responses 

• Ensure the goals for each target agreed at previous session are recorded in sections 2 prior 

to commencing this follow-up 

• Please record date, duration and mode of delivery of intervention below  

 

1. Participant I.D. number: __ __  / __ __ __ / __ __  

 

2. Date of follow-up: __ __ / __ __ / __ __ __ __      

 

3. Follow-up number: 

Week 2 1        Week 4 2 Week 8 3   Week 11 4 

 

4.  Method of follow-up: Email 1   Telephone 2 

 

5. Who was present at follow up?   

 

Only this participant 1   With parent/child who is also in study  

   

6.  How long was the phone call follow up? (Record as n/a if over email) ___ ____ 

 

Checklist 

Section 1: Introduction and overview 

Sub-

secti

on 

Topics and responses   ✔

/X 

A Ask participant how they are and explain that the aim of this follow up is to: 

• Review the goals we set for each target at the previous session 

• Review the barriers and solutions recorded at previous session 

• Decide on next steps for between now and next session- this may be 

adding more goals, continuing with what they are doing currently or 

changing goals 

• Come up with solutions if having any difficulties with any of the goals  

• Answer any other questions they might have 

 

B Ask participant if they have been using the weekly reflective diaries and 

checklists.  

• Offer encouragement to continue with this, or encouragement to start.  

• Explain again why they may be useful- to help understand why certain 

goals are a struggle or easy to achieve and identify certain situations in 

which barriers arise.  

• Also by recording when they have managed to achieve their goals, they 

also provide motivation and encouragement to themselves when looking 

back. They are also really helpful for the follow up sessions to help them 
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remember how they have been getting on since previous session.  

Record general response: 

 

 

 

Section 2: Review of goals 

Sub-

section 

Topics and responses ✔/X 

A Ask participant about how they have been getting on with the goals they set 

for the fat target since we last spoke. Are they achieving or not achieving 

the goals? Would they like to continue with this goal or change it?  

Go through each goal in turn and record response in below table:  

Goal 

 

Progress since last follow 

up 

Next steps 

 

 

  

 

 

  

 

 

  

 

 

B Ask participant about how they have been getting on with the goals they set 

for the fruit and vegetable target since we last spoke. Are they achieving or 

not achieving the goals? Would they like to continue with this goal or 

change it?  

Go through each goal in turn and record response in below table:  

Goal 

 

Progress since last follow 

up 

Next steps 

 

 

  

 

 

  

 

 

  

 

 

C Ask participant about how they have been getting on with the goals they set 

for the fibre target since we last spoke. Are they achieving or not achieving 

the goals? Would they like to continue with this goal or change it?  

Go through each goal in turn and record response in below table:  

Goal 

 

Progress since last follow 

up 

Next steps 
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D Ask participant about how they have been getting on consuming 1 plant 

sterol/stanol yogurt drink each day. Are they achieving or not achieving? 

Goal 

 

Progress since last follow 

up 

Next steps 

  

 

 

 

 

E Ask participant about how they have been getting on with the goals they set 

for the cholesterol target since we last spoke. Are they achieving or not 

achieving the goals? Would they like to continue with this goal or change 

it?  

Go through each goal in turn and record response in below table:  

 

Goal 

 

Progress since last follow 

up 

Next steps 

 

 

  

 

 

  

 

 

 

 

 

 

 

F Ask participant about how they have been getting on with the goals they set 

for the physical activity targets since we last spoke. Are they achieving or 

not achieving the goals? Would they like to continue with this goal or 

change it?  

Go through each goal in turn and record response in below table:  

Goal 

 

Progress since last follow 

up 

Next steps 

 

 

  

 

 

  

 

 

  

   

 

 

 

  

 

 

  

 

 

  

 

 

 

G 

If successful congratulate participant and focus on successes OR If limited, 

focus on sessions that have been completed and congratulate them for that.  
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Section 3: Barriers and solutions  

Sub-

secti

on 

Topics and responses ✔

/X 

J Discuss what barriers the participant has faced over the past month and record in 

column 1. Please refer back to previous session to identify any barriers 

discussed them to raise as prompts. Ask what steps (if any) they have taken to 

overcome these and record in column 2. Brainstorm with participant other 

solutions to these barriers to try in future and record in column 3.  

 

Barrier What they have done What they will do next 

 

 

  

 

 

  

 

 

K Ask participant if they can think of any other barriers they might face between 

now and the next follow up session in addition to those already faced. Follow 

the steps outlined in section 10 and record below. 

Anticipated barrier Possible solutions 

 

 

 

 

 

 

Section 4: Follow up and further support  

Sub-

secti

on 

Topics and responses 
✔

/X 

A Any participant if they have any questions that they recorded in their reflection 

diaries, or any other questions or queries? Record any questions and answers 

given:  

 

Question Answer 

 

 

 

 

 

 

 

 

B Ask if anything else you can do to help participant achieve their goals? 

Record any requests participant makes and any information that was provided or 

will be provided over email in ‘additional session notes’ at the end of this 

checklist.  

 

C Remind participant of time and date of agreed next follow up OR arrange if not 

yet arranged.  

Record date and time below:  

 

Date Time Telephone or email 
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D Thank participant for their time and offer encourage to continue to achieve their 

goals and end by emphasising their successful changes and achievements.   

 

 

Table 2: Reasons for any sections or sub-sections not delivered to participant 

 

Section (sub-section) Reasons not delivered 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additional session notes 

 

 

Please sign below to confirm that you have checked this form is complete and that the data is  

accurate to the best of your knowledge.  

 

Name of person completing this form (please print):  ________________________  

Signature of person completing form: _____________________________ 

Date: ____________________ 
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Appendix 4.5 BCT checklist for initial session of intervention to be completed by dietitians  

Please indicate (tick or cross) if each of the BCT outlined in table below were included in the initial session. If any BCT is not delivered as 

intended (outlined in table) please include reasons for this in the space provided on page 2. Please complete one per individual.  
Date: __ __/ __ __ / __ __ Participant ID number: __ __ / __ __ __ / __ __  

Behaviour 

change 

technique 

How to be used within intervention Included? 

Action planning Individual will be prompted to develop specific planning of how they will achieve each goal set i.e. if increasing fibre intake then the food swap or additional 

food to be included in diet will be specified, along with what meal or snack they will include it in and how many times per day or week.   

 

Behaviour 

substitution 

Individuals encouraged to set goals that involve swapping something they currently do everyday with something that will help them achieve the guidelines to 

help establish new healthy habits i.e. walking to and from work instead of driving or always having a piece of fruit when they make their morning cup of tea 

instead of a biscuit. 

 

Behavioural 

practice/rehearsal  

Prompt individual to practice cooking during intervention and adults to encourage child to help them.   

Biofeedback  Individual to be provided with weight, body fat % and blood pressure before starting the intervention to prompt adoption of guidelines- either to improve 

these figures or maintain them.  

 

Comparative 

imaging of future 

outcomes 

Dietitian to prompt individual to think about what the possible health outcomes would be if they choose to follow guidelines compared to if they chose not to- 

with emphasis on what this would mean for their children or parents. 

 

Credible sources • Intervention delivered by a dietitian who will explain the training they have undertaken to gain that title- to help individual recognise that their advice is 

credible. All individuals will also be informed that their doctor is aware and supportive of them receiving the intervention as they view it as being part of 

their clinical care.  

• Individual to be receive verbal and written advice about the guidelines which will include information about where the guidelines have come from- 

national committees across several countries who have reviewed all the available scientific evidence and come to same conclusion about the guidelines 

that individuals with FH should be following.  

 

Demonstration of 

the behaviour 

Individual to be signposted to resources which can aid with demonstration of the behaviour i.e. step by step recipe videos or pictorial guides and parents 

encouraged to demonstrate cooking skills to child. 

 

Feedback on 

outcomes of 

behaviour 

Individual to receive feedback about how their dietary intakes and physical activity levels compare to the guidelines at the start and end of the intervention as 

evidence of their capability of adhering to the guidelines to promote maintenance of behaviours after intervention ended.  

Note- the follow-up information will be delivered at research contact 3. Provide initial information in initial session.  

 

Framing/re-

framing  
• Guidelines communicated to individual as being specifically for individuals with FH as opposed to general healthy lifestyle guidelines provided to all 

individuals. The inclusion of two specific dietary guidelines for individuals with FH such as eating foods fortified with plant stanols/sterols and reducing 

dietary cholesterol intakes will help individuals to buy into the idea that following the guidelines is part of their identity of having FH. The benefits of 

following the guidelines in the management of their FH will be emphasised, in addition to general overall health benefits. 

• Dietary guidelines to be communicated as a healthy lifestyle rather than a restrictive diet, with all foods permitted. Emphasis will be put on foods to add 

into the diet (fruits, vegetables, fibre rich foods, plant sterols/stanols) to help individual view dietary choices are positive and enjoyable.  

• Physical activity to be communicated positively, with emphasis placed upon finding activities that the individual enjoys doing, either alone or with 

friends or family, rather than it being a chore they have to try and fit into their day without enjoying it. 

• Individual prompted to view the guidelines as behaviours that can help reduce their risk of developing symptoms as their family members have, or reduce 

the likelihood of experiencing further symptoms. They are something the individual can do to help take control of their health. 
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Goal setting 

(behavioural)  
• Individual prompted to set their own goals which they feel are achievable-which take into consideration their food preferences, fitness levels, readiness to 

change and lifestyles. The goals will be SMART. Parents will be encouraged to help child with setting their goals. 

 

Graded tasks • Child to be prompted to help with food preparation, starting with simple task such as preparing vegetables, progressing to more complex tasks until able 

to prepare full meal. 

• Adults to be prompted to start cooking meals- starting with simple recipes and progressing to more complex ones. 

 

Identification of 

self as a role 

model 

• Parents encouraged to view themselves as role models for their children and make their behaviours part of everyday life for their children to help them 

foster adoption of healthy habits from a young age. Dietitian to communicate the benefits engaging in the behaviours could bring to these significant 

others.   

• Children also encouraged to view themselves as role models for their parents, other siblings and friends.  

 

Information 

about 

antecedents  

Individual prompted to consider specific contexts in which they find it hard to adhere to dietary guidelines and identify triggers for this behaviour. The 

findings will be addressed in action planning and problem-solving session of the intervention.  

 

Information 

about emotional 

consequences   

• Dietitian to discuss with individual the potential improvement in their mood that they could experience if they choose to engage in dietary behaviours. 

• Dietitian to emphasis to individual that if they find foods that they enjoy that fit the guidelines, they will also experience the same enjoyment of these 

foods. 

 

Information 

about health 

consequences  

• The intervention starts with explanation from dietitian about the importance of lifestyle guidelines in the management of FH. It will be explained that 

despite use of medication, many individuals with FH may still be at higher risk of cardiovascular disease and adherence to lifestyle guidelines can help 

reduce this risk. The benefits to their overall health will also be communicated.  

• Individuals to be informed about the ‘silent’ nature of cholesterol and the importance of keeping cholesterol low for your whole life, before any 

symptoms occur.  

 

Instruction on 

how to perform 

behaviour 

• Individuals will receive detailed instructions about food swaps and cooking methods. The advice given will provide instructions to individual about how 

they can achieve the desired behaviours in their current context i.e. cheaper options for suggested food swaps, suggested food swaps one they can obtain 

in the current place they shop, easy and quick options for meals if individual has limited time to cook and suggestions of physical activity they can fit into 

their current routines such as walking instead of bus/car.   

• The dietary intake data will be analysed ahead of intervention to establish any existing eating habits that are indicative of misinformation i.e. cooking 

with coconut oil.  

 

Problem solving During intervention ‘barriers and solutions’ section, dietitian will encourage individual to think of situations in which they feel they will struggle to engage in 

the desired behaviours (i.e. social situations) and think of solutions to overcome these.  

 

Prompts and cues • Individual advised to leave intervention booklet in a place they regularly eat to prompt them to engage in the dietary goals. 

• Set reminders on phones/fitness monitors to move regularly. 

 

Restructuring the 

physical 

environment 

• Advise individual to keep food choices they enjoy eating, that are in line with the guidelines, in the house/at work/in car to encourage consumption of 

these  

• Individuals encouraged to socialise with friends and family in places that facilitate engagement of desired behaviours i.e. meet in the park or choose 

restaurants in which there are suitable options for them.  

 

Restructuring the 

social 

environment  

The intervention is delivered at a family-based level with parent and child making dietary and physical activity choices together. Any other family members 

will also be encouraged to make the changes aswell to facilitate a home environment that encourages adherence to the dietary and physical activity guidelines. 

 

Social support 

(emotional) 
• Dietitian to provide emotional support during intervention- discussing with them what else is going on in their life and how this is influencing their 

ability to adhere to guidelines. 

• Individual also encouraged to seek support from the family member(s) they are taking part in the intervention with- to view it as a ‘team effort’ and 

provide support and encouragement to each other. 
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• Dietitian to encourage parent and child to provide support to each other throughout the intervention and encourage each other to engage in the guidelines. 

• Individuals also encouraged to seek the emotional support of friends and family. 

Social support 

(practical) 
• Dietitian to provide practical support during the session- helping individual to identify methods to help encourage the behaviour i.e. online recipes or 

suggestions on how they could obtain practical support from friends or having their parent prepare help make their lunch.  

• The dietitian will encourage the whole family (both with and without FH) to engage in the dietary and physical activity guidelines to provide support to 

the individuals. 

• Individuals encouraged to seek support from family members (including those not taking part in intervention) and friends i.e. arranging to go to the gym 

with a friend or having partner/sibling help with food shopping or meal preparation.  

 

Verbal 

persuasion about 

capabilities  

Dietitian to encourage individual and tell them that they are capable of changing their behaviours.  

Self-monitoring 

of behaviour 

(prompt) 

Individuals asked to complete weekly reflection diaries in which they record whether they have been able to meet the goals set for lifestyle behaviours.  

They will also be asked to keep checklists of plant stanol/sterol drink consumption.  

 

 

Additional notes for session (reasons for BCT modified or not delivered)  
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Appendix 4.6 BCT checklist for intervention follow-up sessions completed by dietitians 

Please indicate (tick or cross) if each of the BCT outlined in table below were included in the follow-up session. If any BCT is not delivered as 

intended (outlined in table) please include reasons for this. Please also record details of any additional BCT delivered- referring to the BCT 

Taxonomy for names. Please complete one per individual.  
Date: __ __/ __ __ / __ __ Session type (follow up number)___________        participant ID number: __ __ / __ __ __ / __ __  
Compulsory BCT for inclusion in follow up 

Behaviour change 

technique  

Instructions for use within intervention  Included? 

Action planning • Individual will be prompted to develop specific planning of how they will continue to, or start to, achieve each goal set at previous and current session i.e. 

if increasing fibre intake then the food swap or additional food to be included in diet will be specified, along with what meal or snack they will include it in 

and how many times per day or week.   

• Follow up sessions are opportunity to review action plans set a previous session and identify what has worked and what needs more planning.  

 

Problem solving • During ‘barriers and solutions’ section, dietitian will review with individual the barriers and solutions they discussed at previous session. Together they 

will identify what they will do next if barrier still preventing them from achieving goal. 

• Dietitian will encourage individual to think of other situations in which they feel they will struggle to engage in the desired behaviours between now and 

next follow up session and think of solutions to overcome these.  

 

Social support 

(emotional) 
• Dietitian to provide emotional support during follow-up sessions- discussing with them what else is going on in their life and how this is influencing their 

ability to adhere to guidelines. 

• Individuals encouraged to seek the emotional support of friends and family 

• Individual encouraged to seek support from the family member(s) they are taking part in the intervention with- to view it as a ‘team effort’ and provide 

support and encouragement to each other to engage in the guidelines 

 

Social support 

(practical) 
• Dietitian provide practical support during follow-up sessions- helping individual to identify methods to help encourage the behaviour i.e. links to online 

resources or suggestions on how they could obtain practical support from friends or family i.e. having their parent prepare help make their lunch  

• Individuals encouraged to seek support from family members (including those not taking part in intervention) and friends i.e. arranging to go to the gym 

with a friend or having partner/sibling help with food shopping or meal preparation.  

 

Verbal persuasion 

about capabilities  

Dietitian to encourage individual and tell them that they are capable of changing their behaviours.  

Focus on past success Dietitian to focus on any successful changes individuals have made and use these to provide encouragement and motivation to individual to carry on and make 

more changes.   

 

Review behavioural 

goal(s) 

At each follow-up session, dietitian and individual will review the goals set at previous session or follow-up. Together they will agree to either: keep goal the 

same, modify the goal or create new goal. These decisions will be based upon individuals levels of achievement and willingness to change. 

 

Self-monitoring of 

behaviour (prompt to) 

Individuals asked to complete weekly reflection diaries in which they record whether they have been able to meet the goals set for lifestyle behaviours which 

will be discussed during follow-ups. They will also be asked to keep checklists of plant stanol drink consumption which will be reviewed at each follow up 

session.  

 

Self-monitoring of 

behaviour (as 

reported by 

individuals)  

Individuals self-reported completion of the weekly self-reflection diaries and plant stanol checklist.   

 

Additional session notes (please record details of BCT that were not delivered as intended or additional BCT delivered 
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Appendix 4.7 Intervention booklet for participants aged 10-13 years 

Nutrition & Physical 
Activity Plan 

 
 
 
  
 

 
 
 
 
 
 
 

 
 
 
 

Research study: Nutrition and Physical Activity 
Intervention for Families with Familial 

Hypercholesterolaemia (FH) 
 
This booklet belongs to: 
…………………………………………………………. 
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What does good nutrition look like? 
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Fats 
How much fat should you eat?  
Everyone needs some fat in their diet- but it is important that you don’t have too 

much. This is important to help lower how much cholesterol you have in your 

blood.  

What types of fat should you eat?  

There are two different groups of fat in the foods you eat- saturated and 

unsaturated. The saturated fats are the fats which can increase your blood 

cholesterol levels. Some foods contain more saturated fat than others, and you 

should try and eat less of these. You can replace these foods with other tasty 

options that provide healthier unsaturated fats.  

Choose more: 
 

Choose less: 
 

Fruit, nuts and seeds 
 

Chocolate 

Crumpets and fruit or malt loaf 
 

Pastries and cakes 

Oatcakes or plain biscuits 
 

Chocolate covered biscuits 

Low fat or baked crisps & plain popcorn 
 

Crisps 

Chicken, fish, turkey, Quorn and tofu 
 

Sausages, burgers, bacon and ham 

Red or green top milk 
 

Blue top milk 

Low fat yogurt and cheeses 
 

Full fat yogurt and cheeses 

Vegetable based margarine Butter 
 
Remember, it is all about balance. You can eat foods which are high in saturated 
fats- but try not to eat these foods every day.  
 
 
 
 
 
 
 

Target 1: Eat fewer foods high in saturated 
fat. Replace them with foods lower in 

saturated fat or containing more 
unsaturated fats 
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Cholesterol in food 
Cholesterol in blood and cholesterol in food- what is the difference?  
Cholesterol in blood: your liver makes most the cholesterol found in your blood. 

It is needed for lots of important jobs in your body to keep you healthy and 

strong. However, having too much cholesterol in your blood is bad for your heart.  

Cholesterol in foods: certain foods also contain cholesterol and some of this ends 

up in your blood.  

How much cholesterol should you eat?  
The cholesterol in foods doesn’t make too much of a difference to your blood 
cholesterol levels. Making sure you don’t eat too much saturated fat is more 
important. However, as FH increases how much cholesterol is in the blood, it is 
important not to eat too much cholesterol in foods.  
If you eat a healthy, balanced diet low in saturated fat, then the foods you eat will 
not contain that much cholesterol. However there are some foods that contain 
large amounts of cholesterol and you should try not to eat too many of these.  
What foods are high in cholesterol?  

 
 

Top tips: 
1. Follow the top tips for reducing saturated fat intake 
2. Eat organ meats or shellfish no more than once a week 
3. Eat no more than 3-4 eggs per week 
 
 

 
 
 

Egg yolks 
Shellfish 

Prawns, lobster, crab, 
squid & octopus  

Organ meats 
Liver, kidney, heart, tripe 

& sweetbreads 

Target 2: Limit how many high 
cholesterol foods you eat each 

week 
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Fruits and vegetables 
Fruits and vegetables contain lots of vitamins, minerals and fibre.  
 
You should be trying to eat AT LEAST 5 portions of 
fruits and vegetables each day- the more the better!  
 
Top tip: It is best to eat 5 different types each day. See 
how many different colours you can eat each day! 
1 portion counts as: 

 
 

 
 
 

There are so many different types of fruits and vegetables to try! Make it your 
mission to find a new favourite type. 

 
 
 
 

 
 
 

Target 3: Increase the number of portions 
of fruit and vegetables you eat each day  
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Fibre 
Fibre is really important and can help lower the amount of cholesterol in your 

blood. You should try and eat lots of foods containing fibre every day.  

 Which foods contain fibre?  

              

 

 

      

 

 

How many foods high in fibre can you find in the wordsearch? 

Beans 
Lentils 
Fruits 
Nuts 
Oats 
Peas 

Popcorn 
Seeds 

Vegetables 
Wholegrains 

 
 
 
 
 
 
 

 
 
 
 
 
 

 

Fruits and 
vegetables  

Beans- including 
baked, kidney, 

butter and 
cannellini beans!  

Lentils  

Chickpeas  
Peas 

Wholegrain (or 
‘brown’) bread, 
pasta, noodles 

& rice  

Wholegrain 
breakfast 

cereals  

Porridge 
and 

oatcakes  

Target 4: Increase how many foods 
high in fibre you eat every day  
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Plant stanol or sterols 

What are they? 

Plant stanols and sterols are found naturally in plants in small amounts. If you 

have a certain amount, they can lower the amount of cholesterol in your blood.   

 

What foods are they in? 

They are found in foods you eat everyday but not in big amounts. The easiest way 

to take the recommended amount per day, is to have a ‘fortified’ yoghurt drink. 

These are little bottles of drinking yoghurt which have plant stanols or sterols 

added in to them.   

 

What do they taste like?  

They taste the same as the normal yoghurt you eat. There are also 

lots of flavours to try.  

Are they safe?  

There has been lots of research carried out which has found they are safe to use 

by people with FH. Sometimes these drinks can lower the amount of certain 

vitamins in your blood- but you can help stop this by eating lots fruits and 

vegetables.  

Top tips:  Have the yoghurt with a meal- it works best this way 
Remember to have one every day- it works best if taken daily  

 
 
 

 

 
 
 
 

Target 5: Have 1 plant stanol or 
sterol yoghurt drink each day  
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Physical activity 
Being physically active is important for everyone. When you have FH it is very 

important. Physical activity may lower the amount of bad cholesterol in your 

blood. It could also increase a certain type of cholesterol called HDL cholesterol 

which is the ‘good’ type of cholesterol.  

 
Moderate intensity (all activity) = you feel warmer and breath harder, but you 
can talk to your friends 
Vigorous intensity (at least 3 times a week) = you feel warmer, breath much 
harder, heart beats fast and you would find it hard to talk to your friends  
 
 
 
 
 
 
 
 

Target 6: Increase how much moderate and 
vigorous activity you do each day and 
reduce how many minutes you spend 
sitting down 
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My targets and goals 

Target 1: Reduce saturated fats and increase unsaturated fats 

Target 2: Limit how many foods high in dietary cholesterol you eat each week  
My agreed goals Any changes at weeks 2, 4, 8 or 11?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

My agreed goals Any changes at weeks 2, 4, 8 or 11?  
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Target 3: Increase the number of portions of fruits and vegetables you eat each day  

My agreed goals Any changes at weeks 2, 4, 8 or 11? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Target 4: Increase how many insoluble and soluble fibre-rich foods you eat each 
day 

My agreed goals Any changes at weeks 2, 4, 8 or 11? 
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Target 5: 1 Plant stanol or sterol yoghurt each day  
A reminder to stick on fridge: Tick off each day after you have your plant stanol or sterol drink!  
Please remember to bring in to the research dietitian at the end of the 12 weeks.  

Remember it is best to have it with your evening meal! It is also important to have 
EVERY day for most benefit! 

Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

1 
       

2 
       

3 
       

4 
       

5 
       

6 
       

7 
       

8 
       

9 
       

10 
       

11 
       

12 
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Target 6: Increasing how physically active you are and reducing sedentary time 
Day What I currently do What I will add in 

Monday 

 

 

 

 

 

 

 

Tuesday 

 

 

 

 

 

 

Wednesday 

 

 

 

 

 

Thursday 

 

 

 

 

 

Friday 

 

 

 

 

 

Saturday 

 

 

 

 

 

Sunday 
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Barriers and solutions worksheet 

Barrier Possible solution(s)  
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Reflection diaries  
Use the space below to reflect on how you have been getting on with making the agreed changes you agreed with the dietitian in this booklet. It might be easiest to schedule in a time 
each week to do this with your parent/or child. You can use these notes to discuss progress with dietitian during the follow up phone calls or emails. There is one diary for each week. 
The plant sterol/stanol target progress will be recorded on the ticklist!  
Week 1 Reflection diary 

Targets What I have done well this week?  What did I find difficult this week?  Any questions for 
dietitian?   

Reducing 
saturated fat  

 
 
 
 

  

Reducing 
foods high in 
cholesterol 

 
 
 
 
 

  

Increasing 
fruits and 
vegetables  

 
 
 
 
 

  

Increasing 
fibre rich foods 

 
 
 
 
 

  

Increasing 
physical 
activity  
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Dates for your diary  
2 week check in Phonecall:  
………………........................................................................................................................... 
4 week check-in phonecall: 
 
………………........................................................................................................................... 
8 week check-in phonecall: 
 
………………........................................................................................................................... 
11 week check-in phonecall: 
 
………………........................................................................................................................... 
End of study clinic visit (remember you and your child must be fasted 
for at least 6 hours)  
 
………………………………………………………………………………………………………… 
 
Recording everything you eat and drink for 4 days between:  
 
………………………………………............................................................................................ 
 
Recording physical activity for 7 days between:  
 
………………………………………………………………………………………………………… 
Get in touch: 
If you have any questions then you can call or email the research dietitian [site to enter 
name of research dietitian] on:  

 [site to enter telephone number]   [site to enter email 

address]                      
 

Remember to check out the following websites for more useful tips: 

www.heartuk.org.uk/cholesterol-and-diet  

www.nhs.uk/change4lifE 

www.nhs.uk/oneyou/active10  

 

 

 

 
 

 

 

http://www.heartuk.org.uk/cholesterol-and-diet
http://www.nhs.uk/change4lifE
http://www.nhs.uk/oneyou/active10
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Appendix 4.8 Intervention booklet for participants aged 14 years and above  

Nutrition & 
Physical Activity 

Plan 

 
 
 
 
 

 
 
 
 
 

 
 
 

Research study: Nutrition and Physical Activity Intervention for Families with 
Familial Hypercholesterolaemia (FH) 

 
Name of participant: 
………………………………………………………………………………………………… 
If you have any questions then you can call or email the [Site to enter name of research 
dietitian] on:  

 [site to enter telephone number]                [site to enter email address]                      
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What does good nutrition look like?  
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Fats 

How much fat should you eat?  
Everyone needs some fat in their diet- but it is important that you don’t have too much. 

Looking at labels on foods can help you choose foods low in fat. Looking at the ‘per 

100g’ section of the label is the best option:  

 

 

 

What types of fat should you eat?  
There are two different types of fat in the foods you eat- saturated and unsaturated. The 

saturated fats are the fats which can increase your blood cholesterol levels. You should 

try to eat fewer foods containing high levels of saturated fat and replace with foods rich 

in unsaturated fats.  

Foods containing saturated fats:  

Processed meats like sausages, fatty meats, whole milk and cream, hard cheeses, 

butter, lard, ghee, suet, palm and coconut oil.  

Processed foods like cakes, biscuits, pastries and crisps 

Foods containing unsaturated fats:  

Olive, sesame, soya, corn and rapeseed oils 

Vegetable oil based margarines and spreads 

Nuts, seeds, avocados 

Oily fish like salmon, sardines and mackerel 

Eat less…. Swap it for ……. 
Butter, ghee, lard, coconut and palm oil Vegetable spreads and oils such as olive, rapeseed, sunflower and 

soya 
Fatty meats and processed meats like sausages 
and bacon 

Eat more chicken, turkey, fish or vegetarian options such as soya 
mince 
Trim all visible fat from all meats 
Have meat free days 

Full fat milk, cheese, yogurt, cream and cream 
fraiche 

Low fat options such as semi-skimmed or skimmed milk, low fat 
cheese and yogurts, soya alternatives  

Cakes, crisps, chocolate, biscuits, pastries, pies or 
desserts with lots of cream or butter 

Low fat yogurts, plain biscuits, fruit, low fat crisps, hot cross buns, 
nuts and seeds  

Fried foods or foods roasted in butter or lard Use vegetable oils for cooking or try methods such as steaming, 
boiling or grilling 

Mayonnaise, creamy salad dressings and sauces 
like ranch dressing or cheese sauce for pasta 

Use light mayonnaise, dressings made with olive or rapeseed oils, 
tomato based sauces for pasta 

 
 
 

 
Dietary Cholesterol 

Target 1: Reduce how many foods high in saturated fat you 
eat and replace with foods rich in unsaturated fats 
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Dietary cholesterol 
Blood cholesterol and dietary cholesterol  
Did you know that most of the cholesterol in your blood is actually produced by your 
liver? It is needed for many processes in your body to keep you healthy but too much 
can cause heart disease. Small amounts of cholesterol are also found in some of the 
foods that you eat. This dietary cholesterol has only a small effect on your blood 
cholesterol levels. How much saturated fat you eat has more effect upon your blood 
cholesterol levels. However, as having FH causes your blood cholesterol levels to be 
higher than usual, it is important to make sure that you don’t eat too much dietary 
cholesterol.   

How much cholesterol should you eat?  
For people with FH, it is recommended that you eat less than 300mg of dietary 
cholesterol per day. By choosing foods low in saturated fat and eating a healthy 
balanced diet, it is unlikely you will eat more than this. However, there are some foods 
that are low in saturated fat but contain a large amount of dietary cholesterol. If you 
normally eat lots of these foods then you could be having too much dietary cholesterol.  

What foods contain cholesterol?  
All foods from animals (meat and dairy) contain some cholesterol. By choosing foods 
low in saturated fat you will avoid eating too much cholesterol from these sources. 
However, there are a few foods that are low in saturated fat but high in dietary 
cholesterol:  
    

                                             
 
 

Top tips: 
1.Follow the top tips for reducing saturated fat intake 
2. Eat organ meats or shellfish no more than once a week 
3. Eat no more than 3-4 eggs per week 

 
 
 

 

 
 

Egg yolks 
1 yolk= 180mg 

Shellfish 
Prawns, lobster, crab, 

squid & octopus  

Organ meats 
Liver, kidney, heart, tripe 

& sweetbreads 

Target 2: Limit how many foods high in dietary cholesterol 
you eat per week  
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Fruits and vegetables 
Fruits and vegetables are high in vitamins, minerals and fibre. You should be trying to 
eat AT LEAST 5 portions of fruits and vegetables each day- the more the better! Try to 
eat of variety of different types every day to help increase the variety of vitamins and 
minerals you get. Fresh, frozen, canned and dried- they all count! 

1 portion counts as: 

 
Top tips for fitting in more fruit and vegetables:  

 

 

 
 

Breakfast Lunch Dinner Snacks 

Top cereal with dried 
fruit or berries 

Add salad to your 
sandwich or wrap 

Always serve 
meals with salad 

or cooked 
vegetables 

Fresh fruit 

Have a banana with a 
cereal bar on the go 

Vegetable soups 

Bulk out stews, 
casseroles and 

curries with 
vegetables 

Dip vegetables into 
hummus or salsa or 

guacamole 

A small glass of fruit 
juice 

Add fruit to 
yogurt 

Add vegetables 
into pasta sauces 

or into side dishes 
like potatoes or 

rice 

Sugar free jelly or low 
fat custard with fruit 

Target 3: Increase the number of portions of fruits and 
vegetables you eat each day  
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Fibre 
Fibre is a really important nutrient which can help lower blood cholesterol. Good 

sources include fruits, vegetables, pulses, beans and wholegrain varieties of bread, 

pasta, noodles and breakfast cereals. There are two different types of fibre: soluble and 

insoluble. Both are important for your health and blood cholesterol levels, but soluble 

fibre in particular has been found to lower blood cholesterol.  

Top tips to increase soluble fibre intake: 

Soluble fibre 

rich food 

groups 

What foods can I find this 

in? Ideas for how to add it into your daily diet 

Oats 
Porridge oats 

Oat based cereal i.e. oatabix  
Oatcakes 

Bowl of porridge or oat based breakfast cereal 

Oatcakes topped with low fat cream cheese  

Homemade flapjacks made with oats 

Beans 
Baked, kidney, butter, 

haricots, cannellini, flageolet, 
pinto, broad & borlotti beans 

Baked beans on toast or a baked potato 

Use beans in meals such as chilli, fajitas & curries 

Add to casseroles and soups 

Lentils Green, red, yellow and brown Add to soups 

Use in place of meat in curries and casseroles 

Peas Garden and sugar-snap 

Frozen peas are a great stand-by to have to serve with 

dinners or add to pasta or rice dishes 

Snack on raw sugar-snap peas- try with a low fat dip like 

salsa 

Fruits and 
vegetables 

Broccoli, sweet potato, 
aubergine, apple, strawberries 

and prunes are particularly 
rich sources 

Have baked sweet potato or oven cooked chips 

Add prunes to your cereal, porridge or yogurt 

Snack on apples and strawberries 

Nuts and 
seeds 

Almonds, peanuts, cashews, 
pecans, flaxseeds, chai seeds 

Sprinkle tablespoon of chai seeds or flaxseeds on 
cereal/porridge 

A handful of nuts makes a great portable snack 

 

Top tips to increase insoluble fibre intake: 

 

 
 
 

Insoluble fibre rich foods Top tips 
All fruits and vegetables Keep the skin on fruits and vegetables when possible 

Wholegrains 

Choose brown pasta, bread, rice & noodles (Ensure it says ‘wholegrain’ in 

ingredients) 

If the family only like white bread- try the ‘50/50’ versions first 

Choose wholegrain versions of breakfast cereals 

Popcorn 
Pop kernels yourself or choose plain versions. Avoid sweet or buttery 
options 

Dried fruit Naturally sweet, a small handful of dried fruit can satisfy your sweet tooth  

Target 4: Increase how many insoluble and soluble fibre-rich foods 
you eat each day  
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Plant stanol or sterols 

What are they? 
Plant stanols and sterols are found naturally in plants. They have been found to lower 

blood cholesterol levels.  

How do they work?  

They compete with cholesterol for absorption which means less cholesterol is absorbed 

into the body from the gut. The body in turn removes more cholesterol from the blood, 

to make up from the smaller amount it gets from the gut. This results in lower blood 

cholesterol levels. 

Are they safe? 

They have been extensively researched and approved for use in adults and children 

with FH. Some children may experience a slight decrease in the levels of some 

micronutrients in their blood. However, this can be avoided by eating plenty of fruits 

and vegetables. They are not recommended for children who don’t have FH, so please 

make sure they do not drink them.  

How much should you have?   

The research suggests you have between 1.5g and 2.4g each day, with no benefit of 

having more than this. Most importantly- they must be taken every day, and alongside 

meals, to have the cholesterol lowering effect.  

What foods are they in? 

The easiest way to make sure you consume the recommended amount 

per day is to have 1 fortified mini yoghurt drink per day. There is a 

range of branded and own brand (e.g. supermarket own brand) 

options. They are found in the chilled sections of large supermarkets. 

There are many different flavours to try.  

How expensive are they? 

The own brand options cost approximately 30p per bottle. The branded options are 

between 50-60p per bottle.  

 
 
 
 

  

Target 5: Have 1 plant stanol or sterol yoghurt drink every day 
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Physical activity 
What are the benefits? 

Being physically active is important for everyone. There is lots of research to show that 

it reduces the risk of diseases such as coronary heart disease. For people with FH, who 

have a higher risk of developing coronary heart disease, these benefits are especially 

important. Physical activity may reduce LDL cholesterol and increase HDL cholesterol- 

which is the ‘good’ type of cholesterol.  

How much do you need to do?  
Adults should be aiming to fit in 150 minutes of moderate activity each week. This can 

be split into small 10 minute bouts spread across the week. Alternatively, you can aim 

to achieve 75 minutes of vigorous intensity exercise. Or you could have a combination of 

both levels of intensity.  

Children and young adults should be aiming for at least 60 minutes of moderate to 

vigorous activity on every day of the week. On 3 of these days the activity should be 

vigorous intensity. 

For adults and children, it is important to reduce the amount of time you spend sitting 

down. Research has found this to be associated with bad health outcomes even if you 

manage to meet the above recommendations! 

These recommendations are the MINIMUM amount- the more physical activity you 
can manage the better! 

What counts? 

Moderate intensity physical activity = you feel warmer and breath harder, but you can 
still hold a conversation 
Fast walking  Cycling   Gardening Housework  Walking the 
dog Dancing   
Vigorous intensity physical activity = you feel warmer, breath much harder, heart 

beats fast and you would find it difficult to speak to someone 

Running  Swimming Football Netball           Rugby       Hockey           
Walking fast uphill 

How can I do more? 

 
 
 
 
 
 
 

Could you fit in 
10 minute brisk 
walk at lunch?  

Try out a new 
sport  

Replacing short 
bus/car journeys 

with walking 

Weekend family 
walks or bike 

rides  

Join local 
sports 

team/club 

YouTube 
workouts  
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My targets and goals 
Target 1: Reduce saturated fats and increase unsaturated fats 

My agreed goals Any changes at weeks 2, 4, 8 or 11?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Target 2: Limit how many foods high in dietary cholesterol you eat each week  
 

My agreed goals Any changes at weeks 2, 4, 8 or 11?  
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Target 3: Increase the number of portions of fruits and vegetables you eat each day  

My agreed goals Any changes at weeks 2, 4, 8 or 11? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Target 4: Increase how many insoluble and soluble fibre-rich foods you eat each day 

My agreed goals Any changes at weeks 2, 4, 8 or 11? 
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Target 5: 1 Plant stanol or sterol yoghurt each day  
A reminder to stick on fridge: Tick off each day after you have your plant stanol or sterol drink!  
Please remember to bring in to the research dietitian at the end of the 12 weeks.  

Remember it is best to have it with your evening meal! It is also important to have EVERY day 
for most benefit! 

 

Week Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

1 
       

2 
       

3 
       

4 
       

5 
       

6 
       

7 
       

8 
       

9 
       

10 
       

11 
       

12 
       



 

 
 

421 

 
Target 6: Increasing how physically active you are and reduce time spent being sedentary  

 

Day What I currently do What I will add in 

Monday 

 

 

 

 

 

 

 

Tuesday 

 

 

 

 

 

 

Wednesday 

 

 

 

 

 

Thursday 

 

 

 

 

 

Friday 

 

 

 

 

 

Saturday 

 

 

 

 

 

Sunday 
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Barriers and solutions worksheet 

Barrier Possible solution(s)  
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Reflection diaries  
Use the space below to reflect on how you have been getting on with making the agreed changes you agreed with the dietitian in this booklet. It might be easiest to schedule in a time 
each week to do this with your parent/or child. You can use these notes to discuss progress with dietitian during the follow up phone calls or emails. There is one diary for each week. 
The plant sterol/stanol target progress will be recorded on the ticklist!  
Week 1 Reflection diary 

Targets What I have done well this week?  What did I find difficult this week?  Any questions for 
dietitian?   

Reducing 
saturated fat  

 
 
 
 

  

Reducing 
foods high in 
cholesterol 

 
 
 
 
 

  

Increasing 
fruits and 
vegetables  

 
 
 
 
 

  

Increasing 
fibre rich foods 

 
 
 
 
 

  

Increasing 
physical 
activity  
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Dates for your diary  
2 week check in Phonecall:  
………………........................................................................................................................... 
4 week check-in phonecall: 
 
………………........................................................................................................................... 
8 week check-in phonecall: 
 
………………........................................................................................................................... 
11 week check-in phonecall: 
 
………………........................................................................................................................... 
End of study clinic visit (remember you and your child must be fasted 
for at least 6 hours)  
 
………………………………………………………………………………………………………… 
 
Recording everything you eat and drink for 4 days between:  
 
………………………………………............................................................................................ 
 
Recording physical activity for 7 days between:  
 
………………………………………………………………………………………………………… 
Get in touch: 
If you have any questions then you can call or email the research dietitian [site to enter 
name of research dietitian] on:  

 [site to enter telephone number]   [site to enter email 

address]                      
 

Remember to check out the following websites for more useful tips: 

www.heartuk.org.uk/cholesterol-and-diet  

www.nhs.uk/change4lifE 

www.nhs.uk/oneyou/active10  

 

 

 

http://www.heartuk.org.uk/cholesterol-and-diet
http://www.nhs.uk/change4lifE
http://www.nhs.uk/oneyou/active10
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Appendix 5.1 CONSORT 2010 checklist of information to include when reporting a pilot or feasibility trial 

Table 1 CONSORT 2010 statement: extension to randomised pilot and feasibility trials. (667) 
 

Section/Topic 
Item 
No 

Checklist item 
Reported 
in section 

# 

Title and abstract 

 1a Identification as a pilot or feasibility randomised trial in the title 5.3.1 and 
Appendix 
1.4 

1b Structured summary of pilot trial design, methods, results, and conclusions (for specific guidance see 
CONSORT abstract extension for pilot trials) 

Not 
appropriate 
for thesis 

Introduction 

Background and 
objectives 

2a Scientific background and explanation of rationale for future definitive trial, and reasons for 
randomised pilot trial 

Chapters 1 
and 2, 5.3.2  

2b Specific objectives or research questions for pilot trial 5.3.5 and 
table 5.1  

Methods 

Trial design 3a Description of pilot trial design (such as parallel, factorial) including allocation ratio 5.4.2 

3b Important changes to methods after pilot trial commencement (such as eligibility criteria), with 
reasons 

5.4.3; 
5.4.4.1; 
5.4.5.3  

Participants 4a Eligibility criteria for participants 5.4.4 

4b Settings and locations where the data were collected 5.4.3 

 4c How participants were identified and consented 5.4.5  

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when 
they were actually administered 

5.4.8 and 
chapter 4  

Outcomes 6a Completely defined prespecified assessments or measurements to address each pilot trial objective 
specified in 2b, including how and when they were assessed 

5.4.9 and 
figure 5.2  

6b Any changes to pilot trial assessments or measurements after the pilot trial commenced, with reasons n/a 

 6c If applicable, prespecified criteria used to judge whether, or how, to proceed with future definitive trial Table 5.1 
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Sample size 7a Rationale for numbers in the pilot trial 5.4.6  

7b When applicable, explanation of any interim analyses and stopping guidelines n/a 

Randomisation:    

Sequence  
generation 

8a Method used to generate the random allocation sequence 5.4.7 

8b Type of randomisation(s); details of any restriction (such as blocking and block size) 5.4.7  

Allocation 
concealment 
mechanism 

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered 
containers), describing any steps taken to conceal the sequence until interventions were assigned 

5.4.7 

Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned 
participants to interventions 

5.4.7 

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, 
those assessing outcomes) and how 

5.4.7 

11b If relevant, description of the similarity of interventions 5.4.8  

Statistical 
methods 

12 Methods used to address each pilot trial objective whether qualitative or quantitative 5.4.9.4.2 
and 5.4.10 

Results 

Participant flow 
(a diagram is 
strongly 
recommended) 

13a For each group, the numbers of participants who were approached and/or assessed for eligibility, 
randomly assigned, received intended treatment, and were assessed for each objective 

5.5.1 and 
Figure 5.3 

13b For each group, losses and exclusions after randomisation, together with reasons 5.5.1 and 
Figure 5.3 

Recruitment 14a Dates defining the periods of recruitment and follow-up 5.5  

14b Why the pilot trial ended or was stopped 5.5 

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group Table 5.7  

Numbers 
analysed 

16 For each objective, number of participants (denominator) included in each analysis. If relevant, these 
numbers 
should be by randomised group 

Specified in 
all results 
tables  

Outcomes and 
estimation 

17 For each objective, results including expressions of uncertainty (such as 95% confidence interval) for 
any 
estimates. If relevant, these results should be by randomised group 

Specified in 
all relevant 
results 
tables 

Ancillary 
analyses 

18 Results of any other analyses performed that could be used to inform the future definitive trial 5.5.5.4  

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) n/a 

 19a If relevant, other important unintended consequences n/a 



 

 
 

427 

Discussion 

Limitations 20 Pilot trial limitations, addressing sources of potential bias and remaining uncertainty about feasibility 5.6 and 
table 5.18 

Generalisability 21 Generalisability (applicability) of pilot trial methods and findings to future definitive trial and other 
studies 

5.6 and 
table 5.18 

Interpretation 22 Interpretation consistent with pilot trial objectives and findings, balancing potential benefits and 
harms, and 
considering other relevant evidence 

5.6 and 
table 5.18 

 22a Implications for progression from pilot to future definitive trial, including any proposed amendments 5.6 and 
table 5.18 

Other information 
 

Registration 23 Registration number for pilot trial and name of trial registry 5.4.1.1 

Protocol 24 Where the pilot trial protocol can be accessed, if available Appendix 
1.4 

Funding 25 Sources of funding and other support (such as supply of drugs), role of funders Appendix 
1.4 

 26 Ethical approval or approval by research review committee, confirmed with reference number 5.4.1.2 
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Appendix 5.2 Completed COREQ (COnsolidated criteria for REporting Qualitative 

research) Checklist  

 

Table 1: COREQ (COnsolidated criteria for REporting Qualitative research) Checklist. (492) 
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Appendix 5.3 Finalised protocol for feasibility trial  

 

 

 

 

Feasibility of a family-based nutrition and physical 

activity intervention in young people with familial 

hypercholesterolaemia 

Short title: Nutrition and Physical Activity Intervention for Families with FH 

R&D Ref: CH/2018/6583 

Ethics Ref: 18/SW/0121 

IRAS Project ID: 239039 

Protocol version: 5.0 

Protocol date: 08/03/2019 

Chief Investigator:  

Fiona Kinnear, Research Dietitian  

NIHR Bristol Biomedical Research Centre (Nutrition Theme), Level 3 University Hospitals 

Bristol Education Centre, Upper Maudlin Street, Bristol BS2 8AE. 

Fiona.kinnear@bristol.ac.uk 

Co-Investigators:   

Professor Julian Hamilton Shield, Professor of Diabetes & Metabolic 

Endocrinology/Consultant Paediatrician, NIHR Bristol Biomedical Research Centre 

(Nutrition Theme), Level 3 University Hospitals Bristol Education Centre, Upper Maudlin 

Street, Bristol BS2 8AE 

Dr Fiona Lithander, Senior Research Associate, NIHR Bristol Biomedical Research Centre 

(Nutrition Theme) Level 3 University Hospitals Bristol Education Centre, Upper Maudlin 

Street, Bristol BS2 8AE 

Dr. Aidan Searle, Senior Research Associate, NIHR Bristol Biomedical Research Centre 

(Nutrition Theme) Level 3 University Hospitals Bristol Education Centre, Upper Maudlin 

Street, Bristol BS2 8AE 

Dr. Graham Bayly, Consultant Biochemist, Department of Clinical Biochemistry, Bristol 

Royal Infirmary, University Hospitals Bristol NHS Foundation Trust, Bristol BS2 8HW  
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Professor David Stensel, Professor of Exercise Metabolism, School of Sport, Exercise and 

Health Sciences, Loughborough University, Epinal Way, Loughborough LE11 3TU  

Dr. Alice Thackray, Research Associate in Exercise Metabolism, School of Sport, Exercise 

and Health Sciences, Loughborough University, Epinal Way, Loughborough LE11 3TU  

Dr. Clare Edmonds, Consultant Paediatrician, Royal United Hospital NHS Foundation Trust, 

Coombe Park, Bath BA1 3NG  

Dr Paul Downie, Royal United Hospital NHS Foundation Trust, Coombe Park, Bath BA1 

3NG  

Sponsor: University of Bristol 

Funders:  NIHR  

Glossary/Abbreviations 

CHD   Coronary heart disease 

CVD   Cardiovascular disease  

CRF  Case report form 

FH   Familial hypercholesterolaemia  

LDL-C  Low density lipoprotein cholesterol  

PA  Physical activity  

PIS  Participant information sheet 

QOL   Quality of life  

REC  Research ethics committee 

RCT  Randomised controlled trial 

UHBristol University Hospitals Bristol NHS Foundation Trust 

UoB  University of Bristol  

 

Lay Summary 

Familial hypercholesterolaemia (FH) is a common genetic disorder, characterised by raised 

levels of low density lipoprotein cholesterol (LDL-C) from birth. The lifelong exposure to 

these high LDL-C levels puts individuals at an increased risk of premature cardiovascular 

disease (CVD) and associated mortality.  

Lifelong treatment with medication is recommended for all patients. This has reduced the 

incidence of CVD in people with FH, however they still remain at higher risk than the 

general population. Lifestyle factors can also influence LDL-C levels and other CVD risk 

factors and therefore lifestyle advice is considered importance for people with FH. However, 

there is limited evidence to support the effectiveness of the current nutritional and physical 

activity (PA) guidelines upon LDL-C levels in people with FH. The need for trials to 

investigate the effectiveness of nutrition and PA interventions in the FH population has been 

widely recognised and recommended.  
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This study is designed to investigate if a family-based intervention based upon the current 

NICE nutrition and PA recommendations for people with FH can be implemented and 

accepted by young people and their affected parent. Families will be randomised to receive a 

12-week nutrition and PA intervention or to a control group who will receive usual care, 

which is medication only. Nutrition intake, PA levels and blood lipidomic markers will be 

measured at baseline and at 12-week follow up. 

  

The primary objective of this study is to investigate the feasibility of the intervention and 

research methods which will be assessed through measurement of recruitment to the study, 

attendance at study visits and acceptability of the intervention- determined via interviews. 

Secondary objectives include measuring blood lipidomic markers, dietary intakes and PA 

levels before the intervention and at 12-week follow up and comparing any changes between 

the control and intervention groups. 

 

1. Background and rationale 

Familial Hypercholesterolaemia  

Familial hypercholesterolaemia (FH) is an autosomal dominant hereditary disorder, 

characterised by markedly elevated levels of low density lipoprotein cholesterol (LDL-C) 

from birth. (1) FH is most commonly caused by defects in the genes coding for proteins 

involved in the hepatic clearance of LDL-C, resulting in the accumulation of LDL-C in the 

plasma.(893, 894) In this study, the term FH refers only to the more common heterozygous 

presentation of FH which has been estimated to affect 1 in 250 of the U.K. adult 

population.(7) As high cholesterol is relatively symptomless, it has been estimated less than 

15% of adults (880) and only 600 of the 56 000 children with FH in the U.K. have been 

diagnosed. (HEART UK, 2018) The lifelong exposure to elevated LDL-C levels confers a 

substantially increased risk of premature coronary heart disease (CHD) and associated 

mortality (895) with several markers of atherosclerotic development found to be significantly 

higher compared to healthy controls, in children as young as 5 years. (51)  

Management of FH 

FH is not a curable condition- however it can be successfully managed. Current guidance 

advises life-long lipid lowering drug therapy for all adult patients upon diagnosis. (58, 59) In 

the U.K., the use of statins in children is to be considered from the age of 10 years- using 

clinical judgement based on baseline LDL-C levels, family history of CHD and presence of 

other cardiovascular disease (CVD) risk factors. (NICE, 2008) The introduction of statin 
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treatment has significantly delayed the age of onset of coronary artery disease (896) and has 

reduced coronary mortality (897, 898) and CHD incidence. (222, 584, 899) Furthermore, the 

most substantial reduction in risk is evident in primary prevention, highlighting the 

importance of identifying and treating FH early. (221, 584)  

 

Lifestyle advice is considered to be a crucial component of the management of FH for adults 

and children. Both national and international guidelines emphasise the importance of 

following lifestyle advice which aims to encourage maintenance of a healthy weight, 

smoking avoidance, participation in regular physical activity (PA), limited alcohol 

consumption and adherence to a healthy, balanced diet. (58, 900) While considered 

important, it is recognised that lifestyle changes should be considered an adjuvant to 

pharmacological treatment and not a replacement. In addition to the direct beneficial effects 

lifestyle factors may have upon blood cholesterol levels, they are considered important for 

the FH population due to the potential beneficial effect they exert upon other CVD risk 

factors. This is of great importance to the FH population as while statin treatment has 

significantly reduced the risk of CVD mortality, individuals with FH still remain at higher 

risk compared to the general population (221, 535, 901) and stand to benefit from minimising 

exposure to identified modifiable CVD risk factors. Risk factors such as hypertension, low 

HDL cholesterol, diabetes, smoking, abdominal obesity and high BMIs have been found to 

be significantly and independently associated with an increased CVD risk in FH adults.(114, 

149, 432, 901-903) Establishing healthy lifestyle habits in children with FH could reduce the 

likelihood of developing these additional CVD risk factors in later life.  

Nutritional recommendations for patients with FH  

Individualised nutritional advice from a healthcare professional (HCP) with specific expertise 

in nutrition is recommended for all individuals with FH. (58, 59) The nutritional advice 

recommended is primarily based upon dietary fat modification. For adults and children with 

FH, a ‘cholesterol lowering’ diet based upon the following principles is recommended (58, 

59, 85, 904-907):  

• A total fat intake of ≤25-30% of total energy intake (TEI) 

• Saturated fatty acid (SFA) intake of ≤7-10% of TEI 

• Replacement of SFA with monounsaturated (MUFA) and polyunsaturated fatty acids 

(PUFA) 

• Dietary cholesterol intakes of ≤200-300mg/day  
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These guidelines are given in the context of a healthy background diet as advised for the 

general population including fibre rich foods, wholegrains, a minimum of five portions of 

fruits and vegetables per day and 2 portions of fish (1 of which to be oily) a week. Diets 

based upon these principles have been demonstrated to be safe and effective in lowering the 

LDL-C levels in children and adults with high baseline cholesterol levels (652, 908-911) and 

are recommended for individuals with dyslipidaemia resulting from other causes both 

nationally (NICE, 2010) and internationally. (740, 905, 912, 913) 

Several other dietary therapies believed to have a LDL-C lowering effect have also been 

considered for recommendation in the management of FH; these include increasing intakes of 

soluble fibre, soya protein, omega-3 fatty acids and plant phytosterols and phytostanols 

(henceforth to be referred to as stanols/sterols). Of these, only stanols/sterols are considered 

to have sufficient clinical evidence to be routinely advocated in the management of FH with 

daily consumption of 2g stanols/sterols advised to be considered for use in children and 

adults with FH, in European and American guidelines. (59, 85, 308, 905) However, due to a 

lack of evidence to support a long term health benefit resulting from reduction in LDL-C 

levels achieved with daily stanol/sterol consumption (250), they are not routinely 

recommended in the U.K. (58) Nonetheless, NICE recommendations acknowledge patients 

may be taking them and advise communicating to patients who wish to take them that they 

must be taken daily to have an effect. Furthermore, other reputable sources of information for 

patients with FH in the UK, such as HEART UK and the British Heart Foundation (BHF) 

charities acknowledge the potential benefits of plant stanols/sterols for individuals with FH in 

the dietary advice they provide. (HEART UK, 2018; BHF, 2018)  

Physical activity recommendations for patients with FH  

International and national guidelines emphasise the importance of physical activity in the 

management of FH, and recommend individuals should follow guidance provided for the 

general healthy population. (58, 59, 85, 904-907) In the U.K., this advice, as advised by the 

Department of Health (DOH) (DOH, 2011) is:  

1. Adults and young people are to minimise time spent being sedentary.  

2. Adults (19-64 years old) are to achieve a minimum of 150 minutes a week of moderate 

intensity PA or 75 minutes of vigorous intensity PA, or a mixture of the two. Additionally 

activity focussing upon improving muscle strength should be undertaken twice a week.  

3. Young people (5-18 years old) are to achieve a minimum of 60 minutes of at least 

moderate intensity PA each day, with 3 of these sessions each week being of vigorous 

activity and including activities that strengthen muscle and bone.  
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Rationale for this trial   

Despite national and international guidance emphasising the importance of nutrition and PA 

in the management of patients with FH, there is very limited information about the 

effectiveness of the recommended advice upon blood cholesterol levels or long term health 

outcomes in individuals with FH. The current recommendations are largely based upon the 

rationale that despite treatment, FH patients remain at high CVD risk (901) and as such 

should follow nutritional and PA guidance created for high risk individuals. Comprehensive 

systematic reviews of the available literature have concluded that there is insufficient data to 

make any conclusions about the effectiveness of any nutrition intervention in adults or 

children with FH. (250, 251) To date, there have been no clinical trials investigating the 

effect of a PA intervention in adults or children with FH. (251) The need for well-designed 

randomised controlled trials (RCT) to investigate the effectiveness of diet and PA in the FH 

population has been widely recognised and recommended in many reviews. (59, 167, 250, 

251) As pharmacological treatment is now recommended for all individuals with FH from the 

age of 10 years (58) any study carried out should include a control group receiving this 

standard care. This is especially important for interventions carried out in young people with 

FH, as all identified studies to date which have reported the effects of nutrition interventions 

have been conducted in young people not receiving statin treatment. (250)  

 

There is also a lack research reporting the uptake and adherence of nutritional and PA 

recommendations in the FH population. However, from the limited available data, it appears 

it may be sub-optimal with as little as 49% of adults reporting following the recommended 

lifestyle advice.(442) Additionally, overweight and obesity had been reported in cohorts of 

adults and children with FH, suggesting that the advice is not being followed by all. (399, 

432, 914) As FH is a lifelong condition, it is important that any nutrition or PA advice given 

is achievable in the long term. While it has been shown that adherence to nutrition protocols 

are feasible within short term clinical trials carried out in FH children and adults, there is a 

lack of evidence to suggest such lifestyle changes would be practicable within the free living 

FH population and sustained in the long term. The intensive protocols used in the clinical 

trials and the provision of the dietary supplements being investigated, such as plant 

sterols/stanols, are unlikely to be practical in the standard treatment provided to patients, 

given the substantial time and resources this would require from the NHS. It is yet to be 

established if it is feasible and acceptable for individuals with FH to follow recommendations 

in real life settings in which they receive more realistic input from a dietitian and are asked to 
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purchase their own dietary supplements. To date, there has been one longer term lifestyle 

based RCT carried out in a cohort of 340 adults with FH in the Netherlands which aimed to 

improve cardiovascular risk factors through individualised lifestyle advice and counselling 

over 12 months. The intervention targeted the uptake and adherence of healthy lifestyle 

habits including adhering to recommendations for physical activity and saturated fat intakes. 

Small improvements were observed for all lifestyle factors in those in the intervention group 

compared to those receiving usual care, although no statistically significant findings were 

reported. Additionally, weak, but positive, associations between each individual lifestyle 

component and LDL-C reduction were reported for the intervention group. (431) However, 

only fruit, vegetable, total and saturated fat intakes were targeted and assessed as outcomes 

and while the amounts of moderate and vigorous PA levels were measured, sedentary time 

was not. Furthermore, the self-reported measures of PA collected in this study may not 

accurately reflect true levels of PA. (915) Therefore the effectiveness of a lifestyle 

intervention targeting all components of diet and PA recommended for the management of 

FH, which utilises comprehensive and objective outcome measurements, has yet to be carried 

out in adults or children with FH.  

 

As FH is an inherited condition and a family based approach to treatment has been 

advocated. (58, 59, 907) this study will take a family centred approach. The evidence 

regarding the effectiveness of involving parents in dietary or PA interventions in children 

remains inconclusive (916-918) due to a lack of high quality trials directly addressing the 

question. However as parents are likely to have an influence upon the foods eaten as a family 

at home, and out of home for younger children, it appears appropriate to involve them in any 

intervention. Furthermore, in the largest study to date investigating the effectiveness of a low 

fat diet in children with high cholesterol, maternal willingness to implement the diet was 

significantly associated with lower saturated intakes in their offspring.(825) Additionally, the 

delivery of interventions to children with FH could help establish good lifestyle habits which 

could be hypothesised to prevent the development of additional CVD risk factors known to 

exist in adults with FH. (114, 149, 432, 901-903) 

Overall, considering the current lack of evidence, further research is necessary. The findings 

from this feasibility study will inform the development of a full scale trial, as advised in the 

British Medical Research Councils’ (MRC) framework for the development and evaluation of 

complex interventions. (239, 664) 
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This study will take a mixed method approach with both quantitative and qualitative research 

methods utilised. This approach is being increasingly adopted in health services research in 

recognition of its ability to more effectively address the complexity of health research 

questions. (919, 920) Qualitative research can provide an insight into patients understanding, 

perceptions and beliefs of their condition and its management. This can enable the 

development of an understanding into how and why patients display certain behaviours and 

an awareness of factors influencing their decisions to adhere to treatment. (460) An 

understanding of these factors can be used to tailor interventions to match the individual 

needs of each study participant. (921) It can also be used to explain the results of a trial (670) 

and to help understand how and why an intervention was effective or ineffective and if the 

intervention will be successful in a wider context. (239, 922, 923) Furthermore, it can 

improve the design and conduct of future RCTs. (239, 672) 

The qualitative data collected in this study will be used in two ways: 

1. To understand and characterise the barriers and facilitators to achieving nutritional 

and physical activity guidelines in adult and children with FH 

2. To inform the future development of a full scale trial  

2. Aims & objectives 

The objectives and associated measurements outlined below refer to both the child and their 

affected parent.  

Primary Objective 

To investigate the feasibility and acceptability of the research procedures and a family-based 

nutrition and PA intervention in young people and their affected parent with FH. Feasibility 

and acceptability will be assessed through measurement of:  

• Recruitment to the study 

• Attendance at research visits 

• Retention rates 

• Adherence to the research procedure methods 

• Acceptability of the dietary and PA intervention  

• Health related quality of life (QOL) 

Secondary Objective 

To investigate the effectiveness of a family-based nutrition and PA intervention in young 

people and their affected parent with FH. Effectiveness will be assessed through 

measurement of:  
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• Changes in nutritional intake and PA levels between the control and intervention group 

• Changes in blood metabolomic (primarily lipidomic) measures between the control and 

intervention group 

• Changes in nutritional intake and PA levels pre and post 12-week intervention in the 

intervention group 

• Changes in blood metabolomic (primarily lipidomic) measures pre and post 12-week 

intervention in the intervention group 

3. Study population 

3.1 Subject selection 

In this family-based intervention, young person(s) aged 10-18 years and their affected parent 

or guardian (henceforth to be referred to as parent) with FH will be invited to participate. It is 

anticipated the majority of participants will be recruited as a young person and parent dyad, 

however there are families in which there is more than one young person diagnosed with FH. 

Therefore, the term ‘family unit’ will be used in reference to each family recruited into the 

study. A family unit will be comprised of at least 1 adult and 1 young person with FH, but 

there could also be additional young family members with FH.  

3.2 Sample size 

This is an exploratory feasibility study and therefore no power calculation has been used to 

determine sample size; it is not designed or powered to address the effectiveness of the 

intervention being evaluated. (664, 680, 681) Sample sizes of between 24 and 50 have been 

recommended for feasibility studies wishing to provide an estimation of a standard deviation 

for use in the sample size calculation to inform a larger RCT. (680, 682, 683) The target 

sample size of 24 family units in this study has been based upon this recommendation, 

current local known populations with FH and an allowance for participant dropout.  

3.3 Recruitment 

Participants will be recruited from the Paediatric lipid clinic services at the Bristol Royal 

Hospital for Children and the Royal United Hospitals Bath. These young people will be 

identified by a member of the hospital FH care team through review of medical records. 

Medical records will be searched routinely every 3 months of the study duration to identify 

any newly diagnosed individuals by a member of the hospital FH care team. 

A study invitation letter and an age appropriate participant information sheet (PIS) will be 

sent to the families of young people who are identified and deemed to meet the inclusion 

criteria from information obtained from medical records. A PIS will also be included for the 
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parent of the identified individual. The invitation letter will include the contact details (phone 

and email address) of the Chief Investigator (Fiona Kinnear) who is also a research dietitian 

and they will be asked to contact her if they are interested to hear more about the study. A 

further study invite will be sent to those who have not yet responded after a time period of at 

least 4 weeks after the original letter was sent. This will be carried out by a member of the 

hospital FH care team.  

The study will be described, and a PIS provided, to young people attending either paediatric 

or adult lipid clinics at either hospital site who are identified as being eligible for 

participation in the study. This will be carried out by a member of the hospital FH care team. 

This will be carried out at both paediatric and adult clinics because young adults often 

transition to adult services before the age of 18 years of age and the study aims to recruit 

patients aged 10-18 years of age. Adult FH patients attending adult lipid clinics at either 

hospital site who are identified as having offspring who meet the inclusion criteria will also 

have the study described to them and will be given a PIS. This will be carried out by a 

member of the hospital FH care team. The research dietitian will be available at these clinics 

for patients who express interest in the study and want to find out more information. They 

will be provided with all relevant information, both verbally and with written patient 

information sheets, and asked to contact the research dietitian the following day or 

arrangements will be made for research dietitian, or another member of the research team, to 

phone or email the individual no less than 24 hours later. When the research dietitian is 

unable to be present on the day of the adult or paediatric clinics, patients who expressed 

interest in the study and gave verbal consent to the hospital FH care team, will be contacted 

by the research dietitian, or another member of the research team, after a minimum of 24 

hours, via telephone or email at their preference.  

A letter to the hospital clinician responsible for the FH care of each recruited participant will 

be sent a letter informing them of the involvement of their patient in the study. A copy of the 

adult PIS will be enclosed in this letter.  

3.4 Inclusion criteria 

Patients aged 10-18 years and their parent (≥18 years) with a genetically confirmed clinical 

diagnosis of heterozygous FH who receive their care from the paediatric or adult lipid clinics 

at Bristol University Hospitals or Royal United Hospitals Bath NHS Trust Foundations will 

be invited to join the study.   
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3.5 Exclusion criteria 

Pregnant female patients, or those planning pregnancy, and individuals who are unable to 

give informed consent are not eligible for participation. Patients with a diagnosis of 

homozygous FH and patients not established on lipid lowering medication for at least 1 

month prior to recruitment to the study are not eligible for participation.  

3.6 Other considerations  

If an affected parent of a young person with FH wishes to participate but the young person 

does not, the adult will not be included as a participant. This is due to this feasibility study 

being focussed primarily upon recruitment and retention of young people and the 

acceptability and effectiveness of a family-based intervention. If a young person with FH 

wishes to join the study but their affected parent is deceased or does not themselves want, or 

is not eligible, to participate, then the young person will still be able to participate. In this 

instance, a non-affected parent or main carer of the young person will be invited to take part 

to facilitate the family-based aspect of the study. This non-affected parent or main carer will 

not be required to have bloods taken but can take part in all other aspects of the study.  

Individuals who do not wish to,or cannot take part in the full research study can be offered 

the option to take part in the questionnaire and qualitative components of the study only. This 

involves completing two questionnaires and/or taking part in a qualitative interview. This will 

be in situations in which the participant does not want, or cannot, take part in the full study 

due a specific reason such as not wishing to have bloods taken or living too far away from the 

hospital to attend three research visits. Full details of the questionnaire and qualitative 

component of the study are provided in section 4.9. 

3.7 Informed consent 

All participants are required to give written informed consent to participate in this study. 

Informed consent will be sought when patients attend the hospital for a routine clinic 

appointment or at the first research visit, prior to commencing any data collection. For 

participants taking part in the qualitative and questionnaire components of study, written 

informed consent may also be gathered via consent and/or assent forms sent to them in the 

post, with a prepaid addressed envelope to send completed forms back to member of research 

team. A member of the research team will be responsible for the consent process. At the point 

that consent is obtained, the participant will have had the relevant information and time to 

discuss the information with family, friends and their FH hospital doctor for a minimum of 

one week. However, in accordance with the HRA’s guidance on applying a proportionate 

approach to the process of seeking consent (HRA, 2017) participants will be able to provide 
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assent and/or consent for the questionnaire and qualitative components of the study at the 

time of receiving the PIS when attending their clinic appointment. This is to accommodate 

that the PIS for this study may have only been given to participants when they attend their 

annual lipid clinic appointment. There will be an opportunity to discuss any remaining 

questions the participant may have with a member of the research team prior to signing the 

consent form. For individuals under 16 years of age, their parent/carer will be the main point 

of contact and will be required to give informed consent. However, participant assent will 

also be obtained from young people under the age of 16 where appropriate. A copy of the 

signed consent form will be filed in the participants’ medical records to ensure that the 

hospital FH care teams are aware of their involvement in the study. Participants will also be 

provided with a copy of the signed consent or assent form.  

 

3.8 Withdrawal of subjects 

Each participant will have the right to withdraw from the study at any time. The study design 

aims to minimise attrition by not overburdening participants but if there is significant attrition 

(loss of more than 15 individuals) over the study period then additional individuals with 

similar characteristics to those lost will be recruited.  

Participants will be withdrawn from the study if their hospital FH care team feel that their 

participation is in any way negatively affecting their clinical status. This includes participants 

who become pregnant during the study as they will be required by necessity to stop statin 

treatment. A member of the hospital FH care team will inform the research dietitian of these 

cases.  

In all cases, data collected up until the point of withdrawal will be included in the analyses, 

unless the participant expresses a wish for their data to be destroyed. If a reason for 

withdrawal is given this will be documented in the participants CRF.  

4. Study details 

4.1 Study design 

Two arm randomised controlled feasibility study to evaluate the feasibility and acceptability 

of a family based nutrition and physical activity intervention in young people with FH and 

their affected parent. The flowchart below displays an overview of the study design:  

Overview of study design: 
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Recruitment:  

-Email/post invitation letter and age appropriate patient information sheet to eligible young person participants 

identified from review of medical records, and their affected parent 

-In person invitation and age appropriate patient information sheet to potential young person participants and their 

affected parents identified during lipid clinics   

Book research contact 1  Does not wish to take part or does not meet eligibility 

criteria 
Research contact 1: 

• Informed consent and/or assent  

• Information gathered about smoking status, medication and other relevant demographic information 

• Each individual participant provided with: 

o Detailed instructions regarding recording of their nutritional intake and PA levels 

o Actigraph and ActivPal PA sensors, PA sensor guidance and log book  

o Log in details for INTAKE24 and laptop if required  

• Book research contact 2 for approximately 1 weeks’ time (asked to bring in PA sensors and log books to 

this)  

All participants record PA for 7 days and nutrition intake for 4 days 

Research dietitian downloads and analyses data from returned sensors and online INTAKE24 database 

Research contact 2: 

• Following data collected from each individual participant:  

o One blood sample 

o Height, weight and body composition 

o Blood pressure 

o Quality of life measure 

o Self-reported PA levels; knowledge and beliefs about treatment for FH 

• Family units informed of which group they have been randomised to 

• Research contact 3 booked for 12 weeks’ time & arrangements made for delivery of PA sensors in 11th week  

• Control group participants:  

o Informed they are to continue receiving usual care but will be given option to receive the PA and nutrition 

intervention at the end of the study 

• Intervention group participants: 

o Receive 1-hour individualised PA and nutrition intervention as a family unit with research dietitian  

o Agreed changes recorded in intervention booklet: taken home by each participant for use in 12 week period 

 

Control group 

No changes made to PA or nutrition 

intake 

No contact from research dietitian 

Intervention group 

Individuals made agreed changes to PA and nutrition 

intake 

Email or phone contact at week 2, 4, 8 and 12 from 

research dietitian to offer support & encouragement 

12 week 

intervention 

period 

 

All participants record PA for 7 days and nutrition intake for 4 days in Week 12 of intervention period 

Research dietitian downloads and analyses data from returned sensors and online INTAKE24 database 

Research contact 3: 

• Following data collected from each individual participant and/or medical records:  

o One blood sample and blood pressure  

o Height, weight and body composition 

o Blood pressure 

o Quality of life measure and self-reported PA levels; knowledge and beliefs about treatment for FH 

o Smoking status, changes in demographic information or medication  

• Conduct qualitative interview with sub-sample of participants to collect data regarding the acceptability of study 

processes (intervention and control group) and the intervention (intervention group only)  

Participant contacts research dietitian for more information and further eligibility screening carried out 

 



 

 
 

443 

4.2 Study outcomes 

Primary outcomes: 

• Recruitment to the trial 

• Attendance at research visits 

• Retention rate 

• Adherence to research procedure methods including data collection  

• Acceptability of the dietary and PA intervention  

 

Secondary outcomes: 

• Blood metabolomic (primarily lipidomic) markers pre and post intervention  

• Energy content and nutrient composition (macro- and micro-nutrient) of dietary intake 

pre and post intervention 

• PA levels (minutes of moderate and vigorous PA) and sedentary activity (minutes of 

sedentary time) pre and post intervention    

• Health related quality of life (QOL) pre and post intervention  

 

Tertiary outcomes: 

• Blood dietary biomarkers of compliance  

• Body composition pre and post intervention  

 

4.3 Randomisation 

Family units will be randomly assigned to one of two groups to receive either usual care 

(control group) or the nutrition and PA intervention (intervention group). 1:1 randomisation 

of family units to intervention or control will be carried out according to prepared 

randomised lists, stratified by study site (University Hospitals Bristol or Royal United 

Hospitals Bath), anticipating a 50:50 split. These randomised lists will be prepared by a 

NIHR Bristol biomedical research centre (BRC) (nutrition theme) member of staff. These 

lists will be managed by this member of staff independent to the individuals in the research 

team conducting the study. No member of the research team will have access to these lists. 

Family units will be notified of their assigned group at research contact 2.  
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4.4 Research contacts 

The study comprises of three research contact sessions per participant. All contacts will take 

place at Royal United Hospitals Bath or University Hospitals Bristol NHS Foundation Trust 

sites. A detailed account of what will take place and the data collected at each research 

contact are detailed below:  

4.4.1 Research Contact 1 – Consent/assent, participant demographics and instructions for 

recording nutrition/PA 

The study will be explained in depth to participants and any questions answered before 

consent and/or assent will be taken by a member of the research team. Information regarding 

smoking status and other demographic information will be obtained from all participants 

during a brief interview with a member of the research team. Participants will also be given 

detailed instructions, guidance and interactive demonstrations of the tools to be used for the 

collection of nutrition and PA data which they will record themselves at home inbetween 

research contact 1 and 2.  

Nutrition intake 

Nutrition intake will be recorded over 4 non-consecutive days (including one weekend day) 

using INTAKE24, an online 24-hour recall tool. INTAKE24 is a validated, self-completed 

computerised dietary recall system based on multiple-pass 24-hour recall developed by 

Newcastle University specifically for young people. It is a secure tool, accessed by 

individually issued log-on details. No personal data is collected and participants are identified 

by a unique user number. (Newcastle University, 2018) It has been found to produce mean 

daily energy and nutrient intakes comparable with interviewer-led 24-hour recalls in young 

people aged 11-24 years, at a significantly lower cost. (697) This method offers several 

benefits over traditional paper based methods, such as pre-programmed completeness checks, 

prompts and food photographs to improve data capture. The automated coding system 

ensures consistency of coding and removes the risk of data entry errors. Furthermore, newer 

technology based methods of dietary assessment have been demonstrated to be preferred by 

young people and adults compared to traditional methods. (699-702) 

All participants will receive their own individual log in code for INTAKE24 but parents of 

younger individuals will be encouraged to oversee the recording of data. Participants will be 

asked to access the tool once a day for 4 non-consecutive days which is to include 1 weekend 

day. The tool can be accessed by desktop, laptop, tablet and mobile devices and takes an 

average of 20 minutes to complete. A laptop and internet dongle device can be loaned to 
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participants if they require this to access the online tool. These will be provided on loan from 

the NIHR Bristol BRC nutrition theme department.  

PA levels and sedentary time  

PA and sedentary time will be recorded over 7 consecutive days. Sedentary time will be 

measured using an activPAL3 sensor worn on the front of the thigh. It contains a tri-axial 

accelerometer which responds to signals related to gravitational forces and provides 

information on thigh inclination. (719) This allows for precise differentiation between 

postures in prolonged free-living activities (720) which has been found to allow for valid 

measures of time spent sitting, standing and walking in adults (717, 721), adolescents (716)  

and children. (718, 722) The activPAL3 will be made waterproof using a nitrile sleeve and 

waterproof hypoallergenic medical dressing to attach to the leg. This will enable participants 

to wear it continuously for 24 hours/day over 7 days. PA will be measured using an 

ActiGraph GT3X+ sensor, worn on an elasticated belt on the waist above the midline of the 

right thigh. This is a tri-axial device that detects the frequency and amplitude of acceleration 

in three axes. During data processing, age and sex-specific cut points will be applied to 

defined sedentary time, light PA, moderate PA and vigorous PA.  

Participants will be advised to wear both devices continuously over a seven day period, 

except for water based activities. They will also be asked to complete a daily log book during 

this period in which they will record details of their activity during waking hours. Detailed 

instructions will also be included in the daily log book to help guide participants during the 

recording period. Participants will be asked to bring in both sensors and the log book to 

research contact 2. This 7 day period will over-lap with the 4 days where participants will 

also be recording nutritional intake data. Research Contact 1 is anticipated to take 

approximately 2 hours.  

4.4.2. Research Contact 2 – Baseline measurements, randomisation and delivery of 

intervention  

Research Contact 2 will be conducted approximately 1-2 weeks after research contact 1. 

Participants will be asked to arrive fasted (for at least 6 hours) to this visit. While participants 

will be familiar with having to arrive fasted to their routine visits with their FH hospital 

doctor, they will be reminded about what they must abstain from, and for how long. Where 

possible, appointments will be arranged for the morning to reduce the burden of the fast for 

the participant.  
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Baseline measurements  

A member of the research team will measure the height, weight and blood pressure of each 

participant. Body composition will also be measured if bioimpedance scales are available. A 

blood sample will be collected from each participant by a member of the research or hospital 

FH care teams with the required training in phlebotomy. A local anaesthetic cream or spray 

can be provided at the participants request. An age appropriate QOL questionnaire will be 

completed by each participant. For children and young people participants this will be an age 

appropriate PedsQL inventory. For adults a EuroQol Group EQ-5D-3L health questionnaire 

will be used as recommended by NICE. (NICE, 2017) Each participant will also complete 

age appropriate self-report questionnaires to gather information regarding PA levels. For 

adults, the International Physical Activity Questionnaire (IPAQ) will be used which is 

validated self-report tool for measuring PA in adults aged 18-64 years old. (725) The 

Physical Activity Questionnaire for Older Children (PAQ-C) and Adolescents (PAQ-A) will 

be used with participants ages 10-14 years and 15-18 years old respectively. (Kowalski et al, 

2004) An age appropriate knowledge and beliefs questionnaire developed for use in this 

research study will also be completed by each participant. The questionnaire has been 

developed from using existing questionnaires and literature reviews. It has been evaluated 

and refined after receiving feedback from focus group held with other researchers and 

clinicians. The questionnaire will be available as a paper document or online using the Bristol 

Online Survey which is fully compliant with all UK data protection laws and approved for 

inclusion in research studies sponsored by The University of Bristol.  

Randomisation 

Family units will then be informed about which group they have been randomised into-either 

the control or intervention group. Family units in the control group will be informed they are 

to continue with their usual care and will be instructed to not make any changes to their 

nutrition or PA levels for the next 12 weeks. They will be informed that they will have the 

option to receive the PA and nutrition intervention at the end of this 12-week period.  

Delivery of Intervention 

Family units in the intervention group will receive an individualised family-based nutrition 

and PA intervention with the research dietitian lasting approximately 1 hour. Details of the 

contents and method of delivery of this intervention are described in section 4.6. Following 

Research Contact 2 the intervention will be implemented for 12 weeks. Participants in the 

intervention group will have their intervention booklets to guide their dietary modification 

and will be contacted by the research dietitian on pre-arranged dates two weeks into the 
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implementation period then every 4 weeks after this with further contact provided as required 

by participants. This contact will be via email, text message or telephone dependent on the 

preference of the participants. Participants will also be encouraged to contact the research 

dietitian at any time during the intervention if they need further assistance or have any 

questions. Participants in the control group will not be contacted during the 12 weeks- except 

when receiving their PA sensors and log books as detailed below.  

 

All participants in control and intervention groups will be re-issued with PA sensors and log 

books prior to the 12th week of the intervention period and instructed to record their PA levels 

and nutrition intake, as per methods described in research contact 1, during the 12th week of 

the intervention. A member of the research team or hospital FH care team will visit the 

families at their homes, when possible, to provide the sensors and log books, otherwise they 

will be sent in the post. University of Bristol and NHS University Hospitals Lone working 

policies will be adhered to at all times.Research Contact 2 is anticipated to take 

approximately 1 hour for those in the control group and 2 hours for those in the intervention 

group.  

 

4.4.3. Research Contact 3 - Follow-up and qualitative interviews  

A member of the research team will measure the weight, height, body composition and blood 

pressure of each participant. A blood sample will be collected from each participant by a 

member of the research or hospital FH care teams with the required training in phlebotomy. 

A local anaesthetic cream or spray can be provided at the participants request. As with 

research contact 2, participants will be instructed to arrive to this appointment fasted.  An age 

appropriate QOL questionnaire, self-reported PA questionnaire and knowledge and beliefs 

questionnaire will again be completed by each participant via the methods described for 

research contact 2.  

A qualitative interview will be conducted by a member of the research team with a sub-

sample of the study participants. This interview aims to evaluate the acceptability of the 

dietary and PA intervention (intervention group only) and research methods (control and 

intervention groups). If it was not possible to conduct the qualitative interview at research 

contact 3, the participant will be offered the option to arrange an interview over the phone at 

a later date. Further details of this qualitative work are provided in section 4.5.  

Research Contact 3 is anticipated to take approximately 1-2 hours. 
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4.5 Details of qualitative component of study  

Qualitative data will be collected at research contact 3 for participants who have taken part in 

the full research study. Participants taking part in the questionnaire and qualitative 

components of the study, will be invited to either attend a single research contact visit at the 

hospital they receive their usual care at or take part in a telephone interview. The data will be 

collected through semi-structured face to face or telephone interviews between a member of 

the research team and a sub-sample of study participants. When giving consent or assent for 

the study, participants who are taking part in the full research study will be made aware that 

they may or may not be asked to take part in the qualitative interviews and that this part of 

the study is optional. All participants will also be told that refusing to participate in any part 

or all of the study will have no impact on the care they receive.  

The aim of the qualitative interviews is to determine the acceptability of the research methods 

and intervention, gain an understanding of the experiences and beliefs of patients with FH 

regarding their condition and its treatment and to inform the development of a future large 

scale RCT. The sub-sample selected for interview will comprise up to 30 individual 

participants based on sample sizes in previous similar studies. (924-929) It will also include 

participants who did not want to take part in the full research study, but consented to the 

questionnaire and qualitative component of the study. We will continue to recruit participants 

until data saturation has been reached. (Fusch and Ness, 2015) In this study data saturation 

will be considered to have been reached when no new information arises from the data. (930)  

A purposive sampling approach, using a maximum variation method, will be taken to select 

participants for the sub-sample according to individual characteristics, opinions and 

experiences relevant to this study. (677, 678) These will include, but not be limited to: age, 

gender, study site, intervention or control group experience, month of recruitment, opinions 

relating to their condition or the study methods and level of adherence to research methods 

and/or intervention.  

Face to face and telephone interviews will take place between a member of the research team 

and each participant, however children/young people can be interviewed with their parent if 

they wish.  Separate topic guides have been developed for parent participants and 

children/young person participants to provide some structure to the interviews.  These have 

been informed by a review of the current available literature and hypotheses generated by the 

research team and will contain open-ended questions. Topic guides will be modified 

iteratively so that new topics raised by participants will be added to the relevant guide while 

retaining all original questions.  
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The data collected from this interview will be analysed to investigate the acceptability of 

research methods and intervention used in this study. Further questions will also be included 

in these interviews to explore the experiences and beliefs of this population group in relation 

to their condition and it’s recommended treatment.  

This interview is expected to last 30 minutes for participants in the control group, and 1 hour 

for those in the intervention group and those participants taking part in the questionnaire and 

qualitative components of the study. It will be audio-recorded using an encrypted audio-

recording device. 

4.6 Details of the physical activity and nutrition intervention  

Family units in the intervention group will receive a tailored nutrition and PA intervention 

with the research dietitian. The nutrition component of the intervention aims to help family 

units to achieve the following daily intake guidelines: 

1. Total fat intake ≤30% of total energy intake (TEI) 

2. Saturated fat intake of ≤10% TEI 

3. Replacement of saturated fats with mono and poly-unsaturated fats 

3. Dietary cholesterol intake ≤300mg 

4.  Consumption of ≥ 5 portions of fruit and vegetables 

5. Age appropriate fibre intake (10 year olds= 20g/day; 11-16 year olds= 25g/day and 

30g/day for ≥17 year olds) 

6. 2g of stanol/sterols 

 

The PA component of the intervention aims to help family units achieve the recommended 

population PA guidelines which were previously described in section 1 (Pages 8&9).  

 

These guidelines are targets and will be used to guide the consultation and educate the family 

units. The dietitian will work with the family units to agree upon changes they will make to 

their nutrition and PA over the 12-week intervention to achieve intakes closer to the 

recommended targets than they were achieving at baseline. However, the advice delivered 

from the dietitian will take into consideration the individuals’ baseline dietary and PA data 

alongside insights gained from qualitative interviews conducted with a sub-sample of the 

study participants. For example, if a participant is achieving nutritional intakes very different 

to the target levels and has a limited understanding of the current recommendations, the 

dietitian would spend more time on the educational aspect of the intervention and focus on 

only one or two of the targets initially. Conversely, if a participant is aware of the current 
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recommendations and already achieves nutritional intakes and PA levels similar to the 

targets, then the dietitian would focus upon all the targets, identifying areas where further 

improvement could still be achieved. Individual circumstances such as work or school 

schedules, food preferences, religious beliefs, available space for cooking and financial 

situations will also be taken into consideration by the dietitian. Intervention booklets, one for 

participants aged 10-13 years and one for participants aged ≥ 14 years, have been created for 

use at research contact 2 to record the agreed changes and provide a summary of the 

information covered in the consultation for the family units to refer to at home during the 12-

week intervention period. The agreed changes to PA or nutrition may be most appropriately 

recorded as targets for the family unit as one, or for individual members, or a mixture of the 

two. This will depend on individual circumstances such as age of the child, frequency of 

meals eaten together and differences in baseline nutritional and PA levels. In-depth dietary 

planning will be conducted, in addition to the provision of behaviour change advice and 

practical advice to address any challenges that implementing nutrition or PA change may 

provoke. Family members including parents or siblings/offspring who do not have FH will be 

invited to join this consultation with the dietitian if they wish.  

 

The dietitian will pre-arrange follow up consultations, to be conducted via telephone, text or 

email at the preference of the participant, to take place during weeks 2, 4, 8 and 11 of the 

intervention period. Further contact will be provided as required by participants. These 

contacts are an opportunity for the participants to ask any questions to the dietitian and to 

evaluate their progress. This will be carried out with reference to the agreed changes recorded 

in the intervention booklet. Participants will be asked questions regarding how they are 

findings making each specific change and to give examples of how they have incorporated 

the change into their lifestyle. If they haven’t been able to make one of the agreed changes, 

the dietitian will discuss with them why this is and if they can try other approaches to achieve 

the change. If it is apparent it will not be feasible then the dietitian and participant will 

together agree on a modification to the initially agreed change. If participants report success 

in making all the initially agreed changes, the dietitian will work with them to identify further 

changes that they feel are achievable going forward.  

 

4.7 Healthcare professionals’ (HCPs) perspectives on the intervention  

 It is recognised that in any future larger scale trial, there would need to be more than one 

dietitian involved across different sites. Furthermore, involving a registered dietitian may not 
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always been feasible due to disparities in the availability of dietetic support in lipid clinics 

across the U.K. (Kinnear et al., 2018) It would therefore be beneficial to seek the feedback of 

other healthcare professionals (HCPs) who may potentially be involved with delivering the 

intervention in a future larger full scale trial such as specialist nurses, clinicians and other 

dietitians.  

 

Data collection 

This information will be collected via a qualitative focus group and telephone qualitative 

interviews- both carried out by a member of the research team. The focus group will happen 

during the HEART UK annual medical and scientific conference 2019. It will be held in a 

meeting room booked out for this purpose and is expected to last one hour.  The individual 

qualitative interviews will be held over the phone at a time convenient for each HCP between 

July and December 2019 and are expected to last between 30 and 60 minutes. A topic guide 

has been created for use in the focus group and qualitative interviews. The focus group and 

qualitative interviews will audio-recorded using an encrypted portable recording device. 

Written consent will be obtained from all HCPs prior to collection of any data. Prior to focus 

group or qualitative interview, the HCP will be sent details of the behaviour change lifestyle 

intervention to read over ahead of time.  

Recruitment and sampling approach 

HCPs who have signed up to the lipid interest group of HEART UK charity (which requires 

you to be a registered HCP) will receive a study invite email and a participant information 

sheet and asked to get in contact with member of research team if they wish to take part. This 

will done by the Nurse Project Manager at HEART UK who oversees this group. Other HCPs 

known to the research team, who currently provide care to individuals with FH in lipid clinics 

across U.K., will also be emailed a study invite email and a participant information sheet. 

This will also be carried out by the Nurse Project Manager at HEART UK.  

The sample selected for the focus group will be comprised of up to 8 individual participants 

based on sample sizes commonly used for focus groups. (Guest et al., 2016) Any participants 

unable to attend the focus group, or those wishing to take part after the focus group sample 

has reached eight persons, will be offered the opportunity to take part in a telephone 

qualitative interview. This recruitment will continue until data saturation has been reached. 

(Fusch and Ness, 2015) In this study data saturation will be considered to have been reached 

when no new information arises from the data. (Greg et al., 2006)  
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A purposive sampling approach, using a maximum variation method, will be taken to select 

participants for the focus group according to individual characteristics and experiences 

relevant to this study. (Palinkas et al., 2015, Robinson, 2014) These will include, but not be 

limited to: place of employment, profession, age and gender.  

Data analysis  

The audio recording of the focus group and telephone qualitative interviews will be 

transcribed by a member of the research team or using a University of Bristol approved 

transcription company. Audio-recordings and transcriptions will be compared by a member 

of the research team to ensure accuracy. Each HCP will be assigned a unique study number 

and in any subsequent publication of the data will only be referred to by that number and 

their current position i.e. consultant or dietitian. No names or other identifying information 

will be published alongside the data. Thematic analysis will be used to analyse the data. The 

results will be used in two ways: to assist with interpretation of the intervention efficacy and 

acceptability results from the feasibility study and to refine and improve the intervention 

content and delivery for use in future research studies. 

4.8 Tissue collection 

Blood samples will be collected by venepuncture from the parent and the child by a member 

of the research or hospital FH care teams with the required training in phlebotomy at research 

contacts 2 and 3. Samples will be analysed for routine markers of cardiovascular risk such as 

full lipid profile (total cholesterol, high density lipoprotein cholesterol, triglycerides), 

relevant metabolomic markers (primarily lipidomic), associated metabolic markers of 

interest, and biomarkers of compliance to dietary intervention for instance cholesteryl ester 

fatty acid composition, vitamin C, lycopene and other relevant biomarkers of compliance. A 

maximum of 25ml whole blood will be drawn from each participant at research contacts 2 

and 3 into relevant vacutainers. Once collected, the following will occur: 

• Samples will be sent to the laboratory of the hospital in which they were collected 

(Bristol Royal Infirmary or Royal United Hospital Bath) and will be processed 

according to the laboratory Standard Operating Procedures and under the supervision 

of the laboratory team.  

• Once centrifuged, the sample will be split whereby some of the sample will be 

analysed (immediately or at a later date) in the hospital laboratory for routine markers 

of cardiovascular risk for instance full lipid profile. The remainder of the sample will 
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be stored at -80C as plasma or serum in anonymously labelled microtubes in the 

hospital laboratory prior to transport to the University of Bristol.  

• Transport of sample: Samples that have been collected in the Bristol Royal Infirmary 

will be appropriately contained in dry ice and transported by foot.  Samples collected 

in RUH will be transported in dry ice by an appropriate transport company. Samples 

will be transported to the University of Bristol MRC IEU Metabolomics Facility in 

the School of Chemistry, Cantock’s Close, Bristol (where instruments are based for 

metabolomic analyses) or the University of Bristol Medical School, Oakfield House, 

Bristol for storage prior to analyses. Transport will be carried our according to the 

Standard Operating Procedure (Appendix 1) and under the supervision of Dr Matt 

Goodwin at the University of Bristol Medical School. Those samples stored in the 

University of Bristol Medical School, Oakfield House, Bristol will be transported in 

dry ice by Dr Goodwin when the analyser is available for analyses. 

• Samples to be analysed for associated metabolic markers of interest and biomarkers 

of compliance to the dietary intervention will be analysed at a relevant laboratory. 

The research team is currently in discussions with University of Bristol colleagues to 

locate the appropriate collaborators with the specific expertise. Transport and analyses 

of the samples for these analytes will be carried out according to relevant Standard 

Operating Procedures. 

All blood samples will be collected, stored and analysed in accordance with the Human 

Tissue Act 2004. The volume of blood collected from child participants is within the safe 

limits advised by the World Health Organisation (WHO) for use in child health research. 

(743) 

4.9 Questionnaire and qualitative components of the study  

Individuals who state they do not wish to participate in the full study, because of a specific 

reason such as too many other commitments or living too far away, will be offered 

opportunity to take part in the questionnaire and qualitative components of the study. This 

involves filling out two questionnaires (an age appropriate IPAQ questionnaire & the 

knowledge and beliefs questionnaire) and/or partaking in a qualitative interview.  

Potential participants will be provided with an age appropriate PIS detailing the questionnaire 

and qualitative components of study in one of two ways: 

1. In clinic when they attend their annual lipid clinic appointment 
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2. Via email or in the post, along with a research study invite letter, if this contact 

information has been provided to member of research team by the participant when 

discussing participation in the full study  

Informed consent and/or assent (from individuals aged under 16 years) will be obtained in 

one of following ways: 

1. Individuals will have the questionnaire and qualitative component of the study explained to 

them in person when they attend the lipid clinic for their regular appointment and have been 

given an age appropriate PIS. A member of the research team will then collect consent and/or 

assent from the individuals during this visit to the hospital.  

2. Individuals will have an age appropriate PIS sent to them, along with a consent and/or 

assent form to fill out and return to the research team in a prepaid stamped addressed 

envelope. Only after this signed consent and/or assent form has been received by a member 

of the research team will individuals be provided with log-in details to access 

questionnaires/sent paper copies to complete and return to study team in prepaid stamped 

addressed envelopes.  

Participants will complete the questionnaires in one of following ways: 

1. On a computer or on paper while attending the hospital for their lipid clinic  

2. At home at a time that suits them. They will be given log in details to complete online or 

will be provided with paper copies along with a stamped and addressed envelope to send 

back when completed 

For those participants who give consent to take part in qualitative interview, they will be 

contacted by member of research team either in person at clinic, or over the telephone, to 

arrange a suitable date for the qualitative interview which can be done in person at the 

hospital they usually receive care at, or over the telephone. 

5. Data  

5.1 Data collection  

5.1.1 Quantitative data 

Details of all quantitative data collected during this study are displayed in Table 1. 
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Table 1: Details of quantitative data collected during the study 

Data Source or 

method of 

data 

collection 

Who 

collected by 

How often 

collected 

When collected Tool used for 

collection 

Informed consent 

and/or assent 

In person 

meeting 

Member of 

research or 

hospital FH 

care teams 

Once Research contact 

1or during routine 

visit to lipid clinic  

Consent or assent 

form developed for 

study 

Nutrition intake INTAKE24 

online 

dietary recall 

system 

Participant   Daily for 4 

days at two 

time points 

Between research 

contact 1 and 2 & 

between research 

contact 2 and 3 

INTAKE24 online 

dietary recall 

system 

Self-reported PA 

levels 

Patient 

questionnaire   

Participant Twice Research contact 2 

and 3 for 

participants in full 

study  

During routine visit 

to lipid clinic or at 

home for 

participants taking 

part in 

questionnaire and 

qualitative study 

IPAQ for adults, 

PAQ-C for children 

10-14 years and 

PAQ-A for older 

children 15-18 

years.   

Objectively 

measured PA 

levels 

ActiGraph 

GT3X+ 

sensors 

Participant  Daily for 7 

days at two 

time points 

Between research 

contact 1 and 2 & 

between research 

contact 2 and 3 

ActiGraph 

GT3X+ sensor 

Objectively 

measured 

sedentary time 

activPAL3 

sensor 

Participant  Daily for 7 

days at two 

time points 

Between research 

contact 1 and 2 & 

between research 

contact 2 and 3 

activPAL3 

sensor 

Self-reported 

daily activities 

(required for 

analysis of 

objective 

measures)  

Patient 

completed 

log book 

Participant Daily for 7 

days at two 

time points 

Between research 

contact 1 and 2 & 

between research 

contact 2 and 3 

Log book 

developed for this 

study 

Participant 

characteristics, 

demographic 

information & 

smoking status 

In person 

meeting 

Member of 

research or 

hospital FH 

care teams 

Once 

(smoking 

status twice) 

Research contact 2 

(smoking status at 

research contact 3 

as well)  

Case Record Form 

(CRF) developed 

for study  

Quality of life 

score 

Patient 

questionnaire 

Participant  Twice  Research contact 2 

and 3 

Age appropriate 

PedsQL QOL 

inventory or 

EUROQOL 5D-3L 

health questionnaire 

for participants >18 

years 

Beliefs and 

knowledge about 

FH treatment 

recommendations 

Patient 

questionnaire  

Participant  Twice if 

taking part in 

full trial; 

once if 

taking part in 

questionnaire 

and 

qualitative 

study 

Research contact 2 

and 3 for 

participants in full 

study  

During routine visit 

to lipid clinic or at 

home for 

participants taking 

part in 

Age appropriate 

Knowledge and 

beliefs 

questionnaire 
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questionnaire and 

qualitative study 

Weight Measurement 

made in 

clinic 

Member of 

research or 

hospital FH 

care teams 

Twice Research contact 2 

and 3 

Tanita body 

composition 

analyser or medical 

scales.  

Height Measurement 

made in 

clinic 

Member of 

research or 

hospital FH 

care teams 

Twice Research contact 2 

and 3 

Stadiometer  

Body 

composition 

Measurement 

made in 

clinic 

Member of 

research or 

hospital FH 

care teams 

Twice Research contact 2 

and 3 

Tanita body 

composition 

analyser 

Blood pressure  Measurement 

made in 

clinic 

Member of 

research or 

hospital FH 

care teams 

Twice Research contact 2 

and 3 

Mean of three 

measures by a 

sphygmomanometer 

Blood 

metabolomics & 

objective 

markers of 

dietary intake 

Blood 

sample 

Member of 

research or 

hospital FH 

care teams 

with the 

required 

training in 

phlebotomy.  

Twice Research contact 2 

and 3 

Phlebotomy 

equipment  

 

 

5.1.2 Qualitative data 

Qualitative data will be collected at research contact 3, or if by telephone then a later date, 

from a sub sample of the study participants who gave consent and/or assent to this component 

of the study. Participants who are only taking part in the qualitative component of the study 

will be invited to attend a single research contact visit at the hospital they receive their usual 

care at, or will be offered the option to carry out interview over the telephone. Face to face or 

telephone semi structured interviews will be conducted by a member of the research team 

with each participant. Further details of these interviews are provided in section 4.5. The 

interviews will be audio-recorded using an encrypted portable recording device and 

subsequently transcribed by a member of the research team or using a University of Bristol 

approved transcription company. Audio-recordings and transcriptions will be compared by a 

member of the research team to ensure accuracy.  

5.2 Data handing  

All quantitative participant data will be collected on anonymised purpose-designed case 

record forms (CRF). The audio-recorded qualitative data collected will be transcribed by the 

a member of the research team, or an individual from a University of Bristol approved 

transcription company, and stored using NVivo (NVivo10, QSR International, 2012) data 

management software. Data from the activPAL sensor will be downloaded using activPAL 
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Professional v.7.2.29 software and data from the ActiGraph GT3X+ sensor will be 

downloaded using ActiLife software. Both will be processed manually using Microsoft Excel 

software. All data will be anonymised, with participants identified by a unique study number.  

5.3 Analyses of data  

Data collected from young people and children will be analysed separately to the data for 

adult parent participants. 

5.3.1 Quantitative data  

Recruitment, attendance at visits, adherence to research methodology and retention rate data 

will be descriptively analysed. The other quantitative variables of interest (macro and micro 

nutrient intake, physical activity amounts, blood metabolomic measures and QOL scores) are 

continuous. Therefore, where possible, groups will be summarised by means and standard 

deviations (S.D.) for: i) pre-intervention ii) post-intervention and iii) for the changes over the 

intervention period. This will be carried out for individuals in the control and intervention 

groups.  

Comparisons will be made between the post-intervention means in the intervention and 

control groups with or without adjustment for the baseline values and stratification, as 

appropriate. 95% confidence intervals (C.I.) will be reported for mean differences. 

Comparisons may be made between the intervention and control groups in respect of the 

mean changes from baseline if this is found to improve precision. (750) 

5.3.2 Qualitative data 

Data collected from the audio-recorded qualitative interviews will be fully transcribed and 

the transcripts analysed using thematic analysis. (688, 689) NVivo (NVivo10, QSR 

International, 2012) data management software will be used to manage this analysis. 

Thematic analysis involves coding the interview transcripts, using an inductive approach. 

This step will be carried out by two members of the research team independently. They will 

then discuss their findings and come to a consensus regarding the codes assigned. Once all 

transcripts have been coded, the research team members will work in collaboration to group 

codes into themes associated with the research objectives of this study. A descriptive, 

narrative approach will then be taken to describe the findings, using anonymised participant 

quotes to illustrate any identified themes.  

Data collected from the audio-recorded qualitative interviews and focus groups with HCPs 

will be analysed separately from the data collected from study participants. It will be 

analysed using the same methods.  

 

 



 

 
 

458 

6. Safety 

6.1 Informing study participants of possible benefits and known risks 

The information from this feasibility pilot study will inform future studies which will be 

adequately powered to establish if a family-based nutrition and PA intervention can improve 

blood lipidomics in young people and adults with FH as compared to those receiving 

pharmacological treatment alone.  

All potential participants will be provided with age-appropriate written participant 

information. This will provide information on why the research is being conducted, what it 

will involve, the possible benefits and any known risks of taking part in the study. The 

opportunity to discuss the study before deciding on participation will be afforded to all either 

through direct contact or telephone contact with a member of the research team as the 

participant/family wish. A member of the research team or hospital FH care teams will 

inform participants if any new information comes to light that may affect their willingness to 

take part in the study. 

6.2 Adverse events and safety reporting 

Details of any adverse events which arise whilst the participant is taking part in the study will 

be recorded and reported as per the definitions and reporting guidance outlined below: 

 

6.2.1 Definitions 

An adverse event is any untoward medical occurrence in a clinical study participant. An 

adverse event does not necessarily have to have a causal relationship with the study treatment 

or procedure. Adverse events are classified according to severity: 

a) Non-serious adverse event (AE) – includes discomfort or slight worsening of 

symptoms 

b) Serious adverse event (SAE) – may be particularly harmful, dangerous or require 

hospitalisation 

An event/reaction is classed as a SAE if it: 

1) results in death 

2) is life-threatening 

3) requires hospitalisation, or prolongation of existing hospitalisation 

4) results in persistent or significant disability or incapacity 

5) consists of a congenital anomaly/birth defect 

6) is otherwise considered medically significant by the investigator 
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6.2.2. Reporting 

All adverse events 

All AEs will be reported by the Chief Investigator from the time a signed and dated informed 

consent form is obtained until completion of the last study-related procedure. Those 

occurrences meeting the definition of SAEs must be reported using the Serious Adverse 

Event Form (available from UH Bristol), including SAEs spontaneously reported to the 

Investigator within 30 days after the participant has completed the study (including post study 

follow-up). UH Bristol, on behalf of the Sponsor, will evaluate any safety information that is 

spontaneously reported by a CI beyond the time frame specified in the protocol.  

All AEs, regardless of seriousness, severity, or presumed relationship to study drug, must be 

recorded in the source document and the CRF, together with any measures taken. CIs must 

record in the CRF their opinion concerning the relationship of the adverse event to study 

therapy.  UH Bristol, on behalf of the Sponsor, assumes responsibility for appropriate 

reporting of adverse events to the regulatory authorities. 

Serious adverse events (SAEs) 

All SAEs must be reported to the UH Bristol contact (fax 0117 3420239 or 

research@uhbristol.nhs.uk) by investigational staff within 24 hours of their knowledge of the 

event.  

All SAEs that have not resolved by the end of the study, or that have not resolved upon 

discontinuation of the participant’s participation in the study, must be followed until any of 

the following occurs:  

• the event resolves  

• the event stabilizes  

• the event returns to baseline, if a baseline value is available  

• the event can be attributed to agents other than the study drug or to factors unrelated 

to study conduct  

• when it becomes unlikely that any additional information can be obtained (participant 

or health care practitioner refusal to provide additional information, lost to follow-up 

after demonstration of due diligence with follow-up efforts)  

 

The death of a participant is considered an SAE, as is any event requiring hospitalization (or 

prolongation of hospitalization) that occurs during the course of a participant’s participation. 

Exceptions to this are hospitalizations for: 

• social reasons in absence of an adverse event  

mailto:research@uhbristol.nhs.uk
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• the in-clinic protocol procedures  

• surgery or procedure planned before entry into the study (must be documented in the 

CRF)  

 

7. Regulatory Issues 

7.1 NHS Ethical Review 

Ethical review of the study protocol and all other study related essential documents (e.g. 

Patient Information Leaflet, consent/assent forms) will be carried out by a UK NHS NRES 

REC. All members of the research team are trained in and will adhere to Good Clinical 

Practice. 

7.2 Site-specific information (NHS sites) 

This study will involve two NHS sites (Bristol Royal Infirmary and Royal United Hospitals 

Bath). All site-specific information will be reviewed by NHS HRA NRES and contracts 

confirmed prior to the study commencing.  

 

8. Research Governance  

8.1 Study sponsorship and Indemnity 

This study will be sponsored by the University of Bristol. The University has Public Liability 

Insurance to cover the liability of the University to research participants. The University of 

Bristol will be responsible for and administer the financial aspects of the grant.  

The study will be conducted in accordance with: 

• International Conference for Harmonisation of Good Clinical Practice (ICH GCP) 

• Research Governance Framework for Health and Social Care 

• The Human Tissue Act 2004  

8.2 Sponsor and HRA approval 

All trial documents and any amendments to these will be approved by the Sponsor 

(University of Bristol) prior to submission to the NHS REC and HRA. 

 

All study participants will be recruited from NHS sites and therefore confirmation of capacity 

and capability from the local NHS Trusts (University Hospitals Bristol NHS Foundation 

Trust and Royal United Hospitals Bath NHS Foundation Trust) is required prior to study 

commencement. Any amendments to the trial documents approved by the REC will be 

submitted to the NHS University Hospitals Bristol R&D and Royal United Hospitals Bath 

NHS Foundation Trust for information or confirmation of continued capacity and capability 

as directed by the HRA categorisation.   
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8.3 Monitoring  

University of Bristol, as Sponsor of this study, has a Service Level Agreement in place with 

University Hospitals Bristol NHS Foundation Trust. As part of this agreement, University 

Hospitals Bristol NHS Foundation Trust will undertake monitoring of research projects 

where University of Bristol is fulfilling the responsibilities of Research Sponsor. A minimum 

of 10% of projects will be monitored. 

8.4 Confidentiality  

Confidentiality will be ensured through the application of the University of Bristol 

information security and data handling policies. These are compliant with the Data Protection 

Act 1998 and conform to the security standards of the NHS IG toolkit.  

All participant information (i.e. names, addresses, dates of birth etc.) will be stored separately 

from data collected during the study (i.e. dietary intake, blood lipidomics) and participants 

will be identified by a unique study number. Personal identifiable paper records will be stored 

separately from anonymised paper records and CRFs. All paper records will be stored in 

secure storage facilities in either the University Hospitals Bristol NHS or Royal United Bath 

Hospital NHS trust sites. No personal data will leave University Hospitals Bristol NHS 

Trust/University of Bristol property or Royal United Bath Hospital NHS trust sites. Study 

data collected at either NHS trust sites will be collected on anonymised paper CRFs before 

being scanned and electronically transferred using secure NHS email account from a 

computer located at these sites. When transferring this data from NHS computer to a 

University of Bristol computer for storage and analysis, the data will be encrypted. Electronic 

data will be stored securely using password protected databases on a University of Bristol 

computer in the NIHR Biomedical Research Centre (Nutrition Theme), Level 3 University 

Hospitals Bristol NHS Trust Education and Research Centre. This is a secure site within the 

Trust. The University of Bristol computer hard drive is also encrypted.  

9. Study Management 

9.1 Finance 

This study is funded by the NIHR. Study participants will not receive payment for 

participating in this study. Study participants will however be reimbursed for any travel 

expenses or parking costs they incur because of participating in the study.   

9.2 Day to day management 

Day-to-day management of the study will be the responsibility of the chief investigator Fiona 

Kinnear (research dietitian), under the supervision of the Co-Investigators, Professor Julian 
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Hamilton-Shield and Dr. Fiona Lithander. Study progress will be discussed at the chief 

investigators’ monthly supervision meetings within the NIHR BRC. 

9.3 Protocol amendments  

Any amendments to the protocol will be submitted to the REC and HRA for approval. The 

Sponsor (University of Bristol) will also be notified. Protocol amendments may be substantial 

(requiring full review and favourable ethical opinion from the REC) or minor (not requiring 

review). Only once the amendment has been approved by the REC and HRA and has 

received confirmation of continued capacity and capability from NHS sites (or acknowledged 

in the case of a minor amendment) will the amended protocol be implemented. 

9.4 End of the study 

For the purpose of REC approval, the study end date is deemed to be the date of last data 

collection. The study will be reported to the REC within 90 days, or 15 days if it is stopped 

early.  

10. Patient and Public involvement  

Two events have taken place with patient and public involvement: 

1. Seven individuals, three young people and four adults, with FH under the care of the 

University Hospitals Bristol NHS foundation Trust have participated in the development 

work underpinning this research. They gave feedback about the initial design of the 

intervention and data collection methods. These individuals, plus others who could not attend 

the evening PPI event, have advised that they are willing to continue to support this research 

in an advisory capacity.  

2. Ten young people (aged 11-17 years of age) from the Bristol Young Persons Advisory 

Group (YPAG) also participated in the development work underpinning this research. This 

group is comprised of young people who are interested healthcare and research who meet 

regularly in Bristol to help researchers with their projects. This group reviewed and gave 

feedback on the participant facing documents, data collection methods and details of the 

intervention involved with this study.   

11. Reporting and Dissemination  

Summaries of preliminary findings will be produced for study participants and the NIHR. 

The individual results for each participant will be recorded in their medical records.  

Manuscripts reporting the findings will be produced for publication in high impact factor, 

relevant, peer-reviewed journals (e.g. paediatric, cardiology and nutrition journals). 

Preliminary work will be disseminated locally through the NIHR Bristol Biomedical 

Research Centre’s ‘Present and Discuss’ programme and seminar series and will be 

submitted for presentation at conferences identified to be relevant.  
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As this is a feasibility study, the results will be used to inform and develop a larger RCT 

which will be adequately powered to detect clinically significant changes in blood 

metabolomics (primarily lipidomics).  

12. Patient facing documents  

• Study invitation letter 

• Participant information sheet (PIS) for participants aged 10-12 years 

• Participant information sheet (PIS) for participants aged 13-18 years 

• Participant information sheet (PIS) for parent participants  

• Participant information sheet (PIS) for participants aged 10-18 years taking part in questionnaire 

and qualitative study only  

• Participant information sheet (PIS) for parent participants taking part in questionnaire and 

qualitative study only 

• Assent form for participants aged <16 years taking part in questionnaire and qualitative study 

only  

• Consent form for participants aged ≥ 16 years taking part in questionnaire and qualitative study 

only  

• Consent form for parents of child participants taking part in questionnaire and qualitative study 

only  

• Study invite letter for questionnaire and qualitative component of the study  

• Assent form for participants aged <16 years  

• Consent form for participants aged ≥ 16 years 

• Consent form for parents of child participants  

• IPAQ questionnaire for self-reported PA in adult participants 

• PAQ-C questionnaire for self-reported PA in child participants aged 10-14 years 

• PAQ-A questionnaire for self-reported PA in young adult participants aged 15-18 years 

• Physical activity log book and instructions   

• PedsQL inventory to be used for children aged 10-12 years  

• PedsQL inventory to be used for children aged 13-18 years  

• EuroQol Group EQ-5D-3L health questionnaire to be used for parent participants >18 years 

• Intervention booklet for participants aged 10-13 years  

• Intervention booklet for participants aged 14 years and above 

• Results of study letter for participants  

• Email invite for HCPs 

• Participant information sheet (PIS) for HCPs taking part in focus group or qualitative interviews 

• Consent form for HCPs taking part in focus group or qualitative interviews 

 

13. Other documents to be used in study  

• Topic guide for qualitative interview (parents) 

• Topic guide for qualitative interview (children and young people) 

• Topic guide for qualitative interview (for parents only taking part in questionnaire and qualitative 

study) 

• Topic guide for qualitative interview (for children and young people only taking part in 

questionnaire and qualitative study) 

• Topic guide for HCP insights qualitative focus group/interviews  

• Letter for clinician  
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Appendix 4.4 Standard operating procedures (SOPs) for implementation of study 

across sites  

 
1. Screening phonecall or meeting 

• Potential participants will have either: 

-Received study invitation letter and PIS in the post and are phoning to find out more details, as instructed to in 

the study invitation letter 

-Been informed about the study by a member of their clinical care team and been given a PIS and instruction to 

phone to find out more information 

-Been informed about the study by a member of their clinical care team and been given a PIS and instructed to 

speak to member of research team in person  

• The individuals you speak to may be one of the following: 

-Parent of child/young adult who was sent study invite letter/spoken to by member of clinical care team who 

themselves does not have FH and therefore has not been invited to take part. It would be the other parent of the 

child/young adult who was invited to take part.  

-Parent of child/young adult who was sent study invite letter/ spoken to by member of clinical care team who 

themselves does have FH and has also therefore been invited to take part 

-Child/young adult who was sent study invite letter/ spoken to by member of clinical care team 

In all cases please follow procedure below.   

Please remember a potential participant must be given at least 24 hours after receiving the PIS to give their 

consent to participate in the study. However, discussing the study with the patient and arranging a suitable 

date for research contact 1 date can be made during this 24 hour timeframe.  

Please ensure a CRF for screening phonecall/meeting is filled out for each individual potential participant.  

1. Introduce yourself and explain your role within the study research team. Thank individual for getting in 

touch/coming to speak to you.  

2. Ask individual for their name and to explain what they know about the study so far, and ask why they have to 

decided to get in touch to request more information.  

3. Ensure you establish which hospital site they are a patient at (RUH or UH Bristol) and how they found out 

about the study- from clinic or recruitment letter or other.  

4. Establish if the individual is a child/young adult or a parent: 

a. If a parent:  

-is this the parent who has FH and would be a potential participant, or is it parent and/or partner of 

family member with FH?  

-How many children with FH are in the family who are interested in taking part/finding out more about 

the study? 

b. If child/young adult: 

-Does their parent know they are interested in taking part in the study and know that they are now 

speaking to a member of the research team?  

-Is their parent with FH also interested in taking part/finding out more about the study? 

5. Provide a brief overview of the purpose of the study and what the potential participant will be asked to do at 

each of the research contact visits and at home inbetween visits. 

6. Answer any questions they may have about the study. 

7. If you do not know any of the answers to their questions, inform individual you will ask another member of 

the research team and provide the answer to them as soon as possible.  

8. Ask individual if they are still interested in taking part in the study (or for their child to take part) 

a. If no, thank individual for getting in contact and explain that the study will be running until April 

2020 if they change their mind and they are free to get in contact anytime  

b. If yes, ask individual if they are happy to answer some questions to help you make sure they, and/or 

their child are eligible to participate in the study.  

9. Please ask the eligibility questions outlined in CRF for screening visit/meeting for each potential 

participant. Explain to individual that you will have to ask each potential participant (or their parent on their 

behalf) the same set of questions  

a. If child/young adult patient, it may be more appropriate for their parent to help with providing 

answers 

b. If parent patient, you can give them the option to provide answers for their child or to arrange for 

child/young adult to contact to answer the questions 
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c. If potential participant, or their parent, does not know the answers to the questions explain that this is 

not a problem and if it is ok with them, you will ask a member of their clinical care team to provide the 

answer 

10. If unsure if potential participant meets eligibility criteria i.e. if some questions not been answered, inform 

individual you are speaking to that you will find out further information and get back in touch shortly to discuss 

further. Ensure you obtain contact details from individual and permission to contact them.  

11. If potential participant does not meet eligibility criteria, thank them for expressing interest. If you think they 

will become eligible during the study duration, obtain permission and contact details to contact them once they 

have become eligible.  

12. If potential participant meets eligibility criteria, then proceed to arranging suitable dates and locations for 

research contacts 1 and 2 and 3. Remind participant about what each of these visits will involve- referring to the 

patient information sheets. Explain to participant that the first two research contacts need to be at least 7 days, 

and no more than 9 days apart if possible, and that between these visits they will be asked to wear the physical 

activity monitors and record what they are eating and drinking (as detailed in the patient information sheets).  

13. All potential participants from the same family should be offered the same dates so they attend together. 

Please consult with chief investigator about what dates, times and locations are available for RC1 and RC2 and 

RC3- if you are not sure at the time, then please inform participant you will phone/email them to arrange dates 

and times once you know.  

14. Ensure all questions in screening call/meeting CRF are completed. Contact member of individuals clinical 

care team to gather any information that participant was not able to provide.  

15. Please complete the participant screening log (located in site file) for all participants- even those who failed 

screening. Please inform chief investigator so that the master log can also be updated.  

15. Sign and date screening call/meeting CRF for each participant and ensure all instructions provided on the 1st 

page of CRF have been followed and completed.  

 

 

2. Research contact 1 (RC1) 

Pre-contact preparation: 

• Generate participant I.D. number for each participant (please refer to SOP for participant I.D. number 

generation). This is only to be recorded on the RC1 CRF after consent has been obtained. It is needed for 

setting up the PA monitors prior to RC1.  

• Have intake24 username and password prepared for each individual. Please refer to the intake24 password 

and username allocation log in the site file. Please ensure you record the participant I.D. that the username 

and password has been assigned to, and the date, to indicate to others that they are in use.  

• Have fully charged laptop, connected to hospital wi-fi in order to be able to access the intake24 website 

• Have fully charged ActivPAL and ActiGraph PA monitor and associated equipment prepared for each 

individual participant. Please follow the SOP for ‘physical activity monitors set up’. 

• Have PA monitoring log book and intake24 booklet to give to each participant  

• Are aware of the arranged date of RC2 for this participant so you can remind them.  

Research contact 1 SOP:  

The following guidelines assume that a child-parent dyad is attending RC1. Please modify to suit other 

circumstances i.e. if 2 children and 1 parent.   

1. Greet participants and thank them for coming for the appointment. Ask if they have any receipts for travel 

and/or parking tickets. Offer participant the choice to collect all together at end of study, or after each research 

contact visit. Please place receipts in envelope with participant I.D. on front and give to chief investigator.  

2. Take informed assent and/or informed consent (please follow SOP for informed consent or informed assent). 

Participant I.D. can then be recorded on the CRF.  

3. Explain to participants that you now need to ask them a few questions to gather some demographic 

information about them 

4. Ask the following questions to each participant individually (parent’s may wish to assist with younger 

children’s answers) 

a. What ethic group would you identify with? (Provide options listed in RC1 CRF) Obtain more 

detailed information about the ethnic group selected if possible using the options listed under each 

group on the RC1 CRF 

b. Do you currently smoke? (Follow prompts on CRF in response to their answer) 

c. What qualifications do you have? (provide options listed on RC1 CRF and give option for 

participant to provide answers not listed). For children and young adults there is option to tick 

‘currently at school or college’  



 

 
 

466 

d. What is your main occupation? (for children/young adults there is option to say student, for all other 

participants, that are employed, there is space on RC1 CRF to document their current occupation.) 

e. Do you have any other illnesses or allergies? 

f. Do you take any other medication?  

5. Complete the ‘patient characteristics-information to be collected from patient’ section on each participants 

RC1 CRF using the answers provided to the above questions 

6. Explain that we need to gather baseline information about their current nutritional intake and physical activity 

levels, before the study starts. Explain that we would like them to record their nutritional intake and physical 

activity levels at home at some point before they return for research contact 2.  

7. Deliver INTAKE24 tutorial to participants. Please refer to SOP for intake24 tutorial. When they are watching 

the tutorial video is a good time to go to the office and make a copy of their consent forms to give them.  

8. Deliver physical activity tutorial to participants. Please refer to SOP for physical activity tutorial. 

9. Remind participant of their research contact 2 visit date, time and location. (The location may be different 

from where they receive usual care, or where RC1 took place).  

10. Request participants that they arrive for RC2 having fasted for a minimum of 6 hours. Explain that this 

means no food or liquid apart from water. Encourage participants to ensure they have drunk enough water on 

the morning of RC2 (as helps with blood sample).  

11. Request that participants arrive for RC2 having avoiding strenuous physical activity (such as running, 

sports, heavy lifting) for at least 12 hours. Explain that this does not include walking.  

12. Request participants remember to bring their physical activity monitors and log books with them to RC2.  

14. Ensure ‘research contact 2 information’ section of RC1 CRF is complete for each participant  

15. Thank participants for coming to the appointment and remind them to contact the research team if they have 

any questions before the next appointment. The contact details are provided in their physical activity logs.  

16. Complete ‘patient characteristics- information to be collected from care team or medical records’ section of 

RC1 CRF by asking members of patient’s care team or looking at patient’s medical records.  

17. Sign and date RC1 CRF for each participant and ensure all instructions provided on the 1st page of CRF 

have been followed and completed.  

18. For each participant, please complete and send a ‘letter to clinician’ letter to the clinician that provides their 

FH care. Ensure an adult patient information sheet is included in this letter.  

19. Please update qualitative interview log (located in site file) to document whether participant has consented 

to take part in qualitative interviews 

20. Please ensure the relevant fields in PA monitor log (located in site file) has been filled in for each 

participant.  

 

3. Research contact 2 (RC2) 

Pre-contact preparation: 

• Consult the PA monitor log (located in site file) to find out the serial number of the PA monitors each 

participant was given at RC1.  

• Look at the master randomisation log (electronically stored in study master file) to find out randomisation 

result for the participants (control or intervention arm)  

• Have all required equipment for blood collection including labelled vacutainers and microtubes 

• Have copy of age appropriate QOL and PA questionnaire for each participant and black pens 

• If family has been randomised to intervention then also: 

o Have age appropriate health & beliefs questionnaire for each participant 

o Have copy of analysed available data from participants collected in INTAKE24- please see dietetic 

intervention SOP for further information 

o Have age appropriate intervention booklets for each participant and the CRFs and checklists 

Research contact 2 SOP: (please note the order it is carried out with be dictated by what time the 

outpatient blood sample has been booked in for) 

The following guidelines assume that a child-parent dyad is attending RC2. Please modify to suit other 

circumstances i.e. if 2 children and 1 parent.  

1. Greet participants and thank them for coming for the appointment 

2. Ask participant the questions in the ‘any changes since research contact 1’ section of RC2 CRF. Record 

answer in this section of the RC2 CRF. 

3. Ask the participant the questions listed in the ‘nutritional intake and physical activity monitoring’ section of 

RC2 CRF and record answers on the CRF. 

4. Collect physical activity monitors and activity logs from participant. Place the physical activity log and the 

Actigraph and ActivPAL monitors into an envelope- one per participant. Please put a label on the envelope 
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which states the date, patient ID number, and research contact number (2). Document collection and the serial 

numbers of the monitors in the ‘nutritional intake and physical activity monitoring’ section of RC2 CRF and in 

the PA monitor log (located in the site file)  

5. Ensure the ‘nutritional intake and physical activity monitoring’ section of RC2 CRF is complete. 

6. Take participant to the relevant outpatient department for their blood test. Please follow the SOP for venous 

blood sample collection and the SOP for venous blood sample handling. 

7. Take anthropometry measurements. Please follow the SOP for height measurement and the SOP for body 

weight and composition measurement. 

8. Take blood pressure measurement. Please follow the SOP for blood pressure measurement.  

9. Ask participant to complete the quality of life and physical activity questionnaires. Please follow the SOP for 

patient questionnaire administration.  

10. INTERVENTION GROUP ONLY: Ask participants to complete the knowledge and beliefs questionnaire. 

Please follow the SOP for knowledge and beliefs questionnaire administration.  

11. Explain to the participant that we will need them to record their physical activity and nutritional intake 

again, like they did before this appointment, at the end of the study before they come back for their final 

appointment. Explain that ideally we would like them to do this in 12th and final week of the intervention. 

Provide the dates that would be for that participant and ask them to confirm that is suitable.  

12. Explain that due to the battery life of the physical activity monitors we need to arrange for the participants to 

receive the monitors the day before this agreed start date in the post. Ask participant their preferred choice of 

location to receive monitors- as they will need to be signed for.   

13. Ensure each participant provides a contact email address or phone number for a member of the research 

team to use to contact them prior to the arranged date of delivery of the physical activity monitors in the 11 th 

week of intervention or control period. This will be to ensure the participant is still available to receive the 

monitors (to sign for postal delivery) and to go over the instructions for wearing the monitors for participants 

not receiving monitors in person.  

14. Record the agreed dates of physical activity and nutritional intake monitoring and contact email address or 

phone number in the RC2 CRF in the ‘nutritional and physical activity monitoring during intervention’ section. 

Ask participant to make a note of these dates in their diary or phone calendar.  

15. Request participants that they arrive for RC3 having fasted for a minimum of 6 hours. Explain that this 

means no food or liquid apart from water. Remind patient of the agreed date of RC3 and ensure they are still 

able to make that.  

16. Request that participants arrive for RC3 having avoiding strenuous physical activity (such as running, 

sports, heavy lifting) for at least 12 hours. Explain that this does not include walking.  

17. Remind participants they will need to bring their completed physical activity logs and monitors to this 

research contact.  

18. Ensure ‘research contact 3 information’ section of RC2 CRF is complete for each participant  

19. Inform the participant which group they, and their family members, have been randomised to (control or 

intervention group).  

Please follow the instructions below dependant on the group participant has been randomised to. 

1.Control Group Participants 

A. Explain that their participation in the study is just as important as those in the intervention group. Explain 

that to ensure the study results are accurate, it is really important that they keep their nutritional intake and 

activity levels similar to their usual levels over the 12 weeks of the study period.  

B. Remind participant that this does not mean that they will not receive the intervention- they will be given 

option to receive it at the end of the 12 weeks if they wish.  

C. Ask participants if they have any questions and answer these. 

D. Thank participants for attending and inform them you will be in contact a week before the arranged delivery 

of the physical activity monitors to confirm the pre-arranged date and time still suits.  

2. Intervention Group Participants  

A. Explain that they, and their families, have been randomised to receive the intervention. This will involve 

them now meeting with the dietitian to discuss their nutritional intake and physical activity levels and agree 

upon some changes to make over the next 12 weeks of the intervention period.  

B. Participant should now receive the dietetic intervention. Please follow SOP for dietetic intervention 

C. Ensure sections A and B in the ‘dietetic intervention’ CRF has been completed  

20. For ALL participants, please ensure the RC2 CRF is complete and instructions for its completion and 

storage, on the 1st page, have been followed. 
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4. Research contact 3 (RC3) 

Pre-contact preparation: 

• Consult the PA monitor log (located in site file) to find out what monitor number of actigraph and actipal 

each participant was given in week 11 of intervention/control period.  

• Consult the qualitative interview log (located in site file) to check if participant has consented and been 

selected to be in the sub-sample to conduct qualitative interview with  

• Have all required equipment for blood collection including labelled vacutainers and microtubes 

• Have copy of age appropriate QOL and PA questionnaire for each participant and black pens 

• If participants were in control group then also: 

o Have age appropriate health & beliefs questionnaire for each participant 

o Have copy of analysed available data from participants collected in INTAKE24- please see dietetic 

intervention SOP for further information 

o Have age appropriate intervention booklets for each participant and the CRFs and checklists 

Research contact 3 SOP: (please note the order it is carried out with be dictated by what time the 

outpatient blood sample has been booked in for)  

The following guidelines assume that a child-parent dyad is attending RC3. Please modify to suit other 

circumstances i.e. if 2 children and 1 parent.  

1. Greet participants and thank them for coming for the appointment 

2. Ask participant the questions in the ‘any changes since research contact 2’ section of RC3 CRF. Record 

answer in this section of the RC3 CRF. 

3. Ask the participant the questions listed in the ‘nutritional intake and physical activity monitoring’ section of 

RC3 CRF and record answers on the CRF. 

4. Collect physical activity monitors and activity logs from participant. Place the physical activity log and the 

Actigraph and ActivPAL monitors into an envelope- one per participant. Please put a label on the envelope 

which states the date, patient ID number, and research contact number (3). Document collection and monitor 

number in the ‘nutritional intake and physical activity monitoring’ section of RC3 CRF. 

5. Ensure the ‘nutritional intake and physical activity monitoring’ section of RC3 CRF is complete. 

6. Please complete the relevant fields for each participant in the PA monitor log (located in the site file)  

7. Take participant to the relevant outpatient department for their blood test. Please follow the SOP for venous 

blood sample collection and the SOP for venous blood sample handling.  

8. Take anthropometry measurements. Please follow the SOP for height measurement and the SOP for body 

weight and composition measurement. 

9. Take blood pressure measurement. Please follow the SOP for blood pressure measurement.  

10. Ask participant to complete the quality of life and physical activity questionnaires. Please follow the SOP 

for patient questionnaire administration.  

11. Please provide the following follow up information to participant, dependent on the group they were 

randomised to. Please ensure the relevant ‘follow up’ section on RC3 CRF is completed for each participant.  

Control group 

a. Ask participants to complete the knowledge and beliefs questionnaire. Please follow the SOP for knowledge 

and beliefs questionnaire administration. 

b. Ask participant if they would like to receive the nutrition and physical activity intervention. Explain that this 

would involve an hour long meeting with the dietitian and the ability to contact for further advice over the 

following 3 months after.  

c. if they would like to receive the intervention, please proceed to arrange a suitable date, time and location for 

participant to meet with Fiona Kinnear (research dietitian).  

d. If no suitable date can be arranged at the time, or the participant is unsure whether they would like to receive 

the intervention, please provide contact details of the research dietitian (Fiona Kinnear) for them to contact once 

they have decided or can confirm their availability. 

e. Inform participant that they will receive in the post a summary of the results of the study, and their individual 

results, once the study has been completed. 

Intervention group 

a. Inform participant that they will now go back to receiving the usual care they did before taking part in the 

study 

b. Inform participant that they can continue with the changes they had made to their nutrition and physical 

activity if they wish 
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c. Inform participant that they will receive in the post a summary of the results of the study, and their individual 

results, once the study has been completed. 

For participants selected to take part in qualitative interviews 

a. Please follow SOP for qualitative interview. 

b. Ensure qualitative interview research contact CRF is completed 

c. After completion of interview, inform participant they are now finished the study. Thank them for their 

participation.  

For participants not selected to take part in qualitative interviews 

a. Inform participant they are now finished the study. Thank them for their participation. 

11. For ALL participants, please ensure the RC3 CRF is complete and instructions for its completion and 

storage, on the 1st page, have been followed. 

12. For ALL participants, please ensure the master participant I.D. log has been updated (notify chief 

investigator if you do not have access) 

 

7. Participant  I.D. number generation  

1. A unique participant I.D. number is to be generated for each participant after consent and/or assent has been 

obtained.   

2. The number will be 7 numbers long and in format of:  

__  __ / __ __ __ / __ / __ 

3. The first section of two digits indicate site: 01= UH Bristol or 02= RUH Bath  

4. The second section of three digits indicate family number: e.g. 0 0 1 would be first family recruited to site 

5. The third section of one digit indicates family member type: 1 = parent or 2 = child/Young adult 

6. The fourth section of one digit indicates family member number (to allow for multiple children in one 

family): 1= first child, 2= second child. Please note for parent participants, this number will always be 1.  

7. An example of a parent participant recruited at Bristol: 01 / 004 / 1 / 1 

8. An example of a child participant recruited at Bath, who has a sister already assigned study I.D. number: 

02/005/2/2 

9. Please ensure you refer to the master study I.D. list (electronically stored in master file) before assigning the 

study I.D. number to ensure it is unique. Please chose consecutive family number following on from last 

recorded in the master file list.  

10. Once generated, please ensure it is recorded in the master study I.D. log (electronically stored in master file) 

and the chief investigator is notified.  

11. Record participant I.D. number on RC1 CRF (or questionnaire & qualitative research contact CRF if 

participant only taking part in the questionnaire & qualitative component of the study) and all subsequent 

documents in which data regarding participant is captured-only after consent has been given.  

12. If participant does not give consent at RC1 or the questionnaire & qualitative research contact and does not 

therefore recruit into the study, then the participant I.D. number will not be used. Please ensure the master 

participant I.D. list is updated if this occurs (by notifying the chief investigator)  

 

8. Taking informed consent from participants aged 16 years of age and over  

1. Confirm with participant that they have read and understood the patient information sheet 

2. Ask participant if they have any questions  

3. Ask the participant if they feel they have had enough time to fully understand what they are being asked to 

do and are happy to take part 

4. Provide participant with black pen and young adult/ adult participant consent form 

5. Ask participant to read over the form carefully and fill in the sections as indicated 

6. Remain nearby while participant is completing form in case they have any questions 

7. When participant had finished form, ensure all sections are complete and they have signed and dated the 

form 

8. Print and sign your own name in the ‘name of person taking consent’ section on the form 

9. Make 2 copies of this form. One is to be added to the participants medical records (along with a copy of age 

appropriate PIS) and one to be given to the patient  

10. Please keep original copy of form at the site- please file in the site file.  
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11. Please complete participant recruitment log (located in site file) and notify chief investigator so that master 

recruitment log and master participant I.D. list can be updated.  

12. Please complete the ‘informed consent/assent’ section in the CRF for research contact 1 or questionnaire & 

qualitative research contact. 

 

9. Taking informed assent from participants aged under 16 years of age and informed consent from 

parent 

Confirm with child participant that they have read and understood the patient information sheet 

1. Ask child participant if they have any questions  

2. Ask the child participant if they feel they have had enough time to fully understand what they are being 

asked to do and are happy to take part 

3. Provide child participant with black pen and assent form 

4. Ask participant to read over the form carefully and fill in the sections as indicated 

5. Remain nearby while child participant is completing form in case they have any questions 

6. When child participant had finished form, ensure all sections are complete and they have signed and dated 

the form 

7. Print and sign your own name in the ‘name of person taking assent’ section on the form 

8. Make 2 copies of this form. One is to be added to the child participants medical records (along with a copy 

of the parent PIS) and one to be given to the child participant. Please keep original copy of form at the site- 

please file in the site file.  

9. Obtain informed consent from the parent on behalf of their child  following the following steps: 

a. Please Confirm with participant that they have read and understood the patient information sheet 

b. Ask participant if they have any questions  

c. Ask the participant if they feel they have had enough time to fully understand what their child is 

being asked to do and that they are happy to take part 

d. Provide participant with black pen and parent consent form 

e. Ask participant to read over the form carefully and fill in the sections as indicated 

f. Remain nearby while participant is completing form in case they have any questions 

g. When participant had finished form, ensure all sections are complete and they have signed and 

dated the form 

h. Ask child participant to also sign and date the form 

i. Print and sign your own name in the ‘name of person taking consent’ section on form 

j. Make 2 copies of this form. One is to be added to the child participants medical records and one is 

to be given to the parent of the child participant  

k. Please keep original copy of form at the site  

10. Please complete participant recruitment log (located in site file) and notify chief investigator so that master 

recruitment log and master participant I.D. list can be updated.  

11. Complete the ‘informed consent/assent’ section in the CRF for research contact 1 or questionnaire & 

qualitative research contact CRF.  
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10. Randomisation of participants   

Randomisation will be carried out centrally rather than at each individual site. The randomisation list is handled 

by a non-member of the study research team.  

The chief investigator will request this individual to conduct the randomisation of each family unit and the result 

will be recorded in the online master file. 

This will only be carried out after research contact 1, by which time the participants will have consented 

into the study.  

Please contact chief investigator to find out what group a participant has been randomised into or consult the 

master randomisation list located in the master file.  

Please ensure the treatment allocation log (located in site file) has been updated for each participant after you 

have found out randomisation result.  

Participants are only to be informed of their randomisation result at research contact 2 

 

 

11. Physical activity monitor set up 

The following set of instructions should be carried out for each individual participant before RC1 and before 

posting the monitors to participant in the 11th week of intervention/control period. It should be carried out as 

close to RC1 or posting of monitors to individuals as possible- due to the battery life of the devices.  

A. ActivPAL monitors 

1. Collect and record the serial number in the PA monitor log (located in site file) against the participant I.D. 

number of the individual it is being given to. Please also record the date that they are being either given to 

participant at RC1 or being sent in post to participant.  

2. Using the USB cable, connect the assigned ActivPAL to the computer and open up the ActivPAL3 software 

package. Click on file → connect to activpal 

3. A box should appear like below:  

4. Charge until battery is 100% (whole battery box in above screen in filled green and it says ‘battery good’.  

5. Click on set up button and box will appear 

6. Fill in as follows: 

• Set multiple devices box to be left unchecked 

• Start condition: future time 

• Recording identifier: should match the 2 digit number on the back of the ActivPAL 

• Start at should be 00:00 on the 1st day of the 7 day recording period 

o When programming devices to give participants at RC1, the 1st day of recording 

will be the day after the date of RC1  

o When programming devices to give participants during the intervention/control 

period, the 1st day date will have been agreed at RC2 and available in the PA 

monitor log  

• Ensure the record is set for 7 days 

• Stop at: will have been automatically generated. It is likely that this date will be after the last 

day of agreed recording but this is ok  

7. Please ensure the ‘device time’ field matches the current U.K. time.  

8. Then press program and a box will appear that says device can be ejected. Eject device from computer and 

place into a flexible sleeve, ensuring that device enters sleeve USB end first. Draw stickman on the sleeve over 

the figure of a man on the device.  

9. Pull excess material of sleeve upwards, twist and hold down over the front of device (the side with stickman  

drawn on) like shown below, ensuring the device is securely within the sleeve, with no gaps.  

10. Please also ensure the back of device is as smooth as possible with no creases. Peel back one side of BSN 

medical adhesive dressing and then place the ActivPAL monitor onto the adhesive dressing. 

11. Wrap the dressing around the monitor. 

12. Then remove the plastic outer covering of the dressing, to reveal the thin coating that is now surrounding the 

device. 

13. Remove any excess material using scissors, but ensure monitor is securely enclosed with no gaps. Material 

near edges of device can be folded into itself- it will stick. This will ensure no gaps are left.  

14. Device is now ready to be given to participant at RC1 or put into padded envelope to send in post.   

15. Please ensure the relevant fields in PA monitor log are completed  
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B. Actigraph monitors 

1. Collect actigraph monitor and record the 2 digit serial number (on the back of device on white label) and 

record in the PA monitor log (located in site file) against the participant I.D. number of the individual it is being 

given to. Please also record the date that they are being sent in post to participant or given out at RC1.  

2. Refer to the PA monitor log to find out the agreed 7 days of recording that has been arranged with participant 

in the 12th week of the intervention/control period, or if it is for giving to participant following RC1 it will be 

the 7 days after RC1 date.  

3. Using USB cable connect Actigraph to the computer and open up ActiLife software. 

4. Press the ‘identify’ button and the device should be picked up by the software  

5. Select the wear time validation button and select following options: Troiano (2007) and ‘default’ circle to be 

selected.  

6. Click back to ‘devices’ window and check that the battery is at 100%, then select the initialize button. 

7. Please fill in the following: 

• Start time: select date of 1st agreed day of recording and 00:00 (midnight) 

• Leave stop time box unchecked 

• Ensure ‘use local computer time’ is selected and that is the current U.K. time 

• Sample rate: select 100 Hz 

• LED options: select ‘data collection LED’ only 

• Recording options: idle sleep mode to be ‘enabled’  

8. Then press ‘enter subject info’ button  

 

9. Fill in the fields as follows: (Please note serial number field cannot be edited. Ignore this number. It is not 

relevant to this study) 

• Enter the participant I.D. number in the ‘subject name’ field 

• Leave all other fields empty  

10. Then press ‘initialize 1 device’ button. It can be ejected from computer once the status bar field states 

‘finished initialising.   

11. Attach device to elasticated waist belt. It is now ready to be given to participant at RC1 or put into padded 

envelope to be sent to participant.  

12. Please ensure the relevant fields in PA monitor log (located in site file) are completed  

 

12. Venous blood sample collection (RC2 and RC3) 

Background information  

Blood samples will be collected from all participants by venepuncture using the syringe and vacutainer method 

at research contact 2 and at research contact 3 by a healthcare professional with the relevant training in 

phlebotomy. At both research contact 2 and 3, a maximum of 25ml of whole blood should be collected into a 

syringe, before being transferred into 4 individual vacutainer tubes as follows: 

1 X serum  5ml yellow top SST 

1 x serum 10ml red top SST 

2 x plasma 6ml green top lithium heparin tube 

Local site clinical guidelines are to be adhered to at all times. Copies of these are available in the site file.  

Venous blood sample handling SOP for trained phlebotomist  

1. Offer paediatric patients the use of anaesthetic cream  

2. Following local NHS trust guidelines, draw 25ml (maximum) of whole blood. 

3. Blood should be transferred from syringes to vacutainers, or drawn directly into vacutainers in the 

following order: 

• 1x 10ml SST  

• 1x 5ml SST  

•  2x 6ml plasma heparin 

(Please note that as 25ml maximum whole blood to be drawn, even if full blood collection is successful, one of 

the 6ml plasma herapin vacutainers will not be full) 



 

 
 

473 

4. Gently invert tubes:  

• 5 inversions for the two SST vacutainers  

• 8 inversions for the two plasma heparin vacutainers 

5. Place the 4 vacutainers in a container and provide to member of the FH research team who will then follow 

the SOP for blood sample handling  

13. Venous blood sample handling for member of FH research team (RC2 and RC3) 

Background information  

Blood samples will be collected from all participants by venepuncture using the syringe and vacutainer method 

at research contact 2 and at research contact 3 by a healthcare professional with the relevant training in 

phlebotomy. A member of the research study team will then collect the vacutainers of collected blood and carry 

out the steps outline below.  

1. Complete hospital lab request form 

2. Complete relevant section in RC2 or RC3 CRF- including details of how much blood was successfully taken 

and any reasons why blood collection was not successful.  

2. Label each vacutainer with participant ID number, research contact type (2 or 3), date and time collected and 

collection type (i.e. analysis to be carried out and/or assays to be processed) 

4. Attached freezer proof label to 9 microtubes which should have the following information: patient I.D. 

number, date, research contact visit (2 or 3), and the sample type (detailed below).  

6. There are 9 different sample types- one for each microtube. They are as follows: 

Sample type name 

Serum 1 

Serum 2 

Serum 3 

Serum 4 BB 

Serum 5 BB 

Serum 6 BB 

Plasma 1 

Plasma 2 

Plasma 3 

 

7. On the microtube labelled with sample type ‘serum 1’ please also add extra information of ‘unique barcode’ 

which is the participant ID followed by 2 or 3. 2 indicates research contact 2 and 3 indicates research 

contact 3. This is required information for metabolomic lab which is where this sample will be analysed.  

8. The 3 sample types with ‘BB’ in their name are for storage in biobank. The lab will be requested to fil leach 

one with 500μl aliquots.  

9. Deliver all microtubes, vacutainers and laboratory request form to hospital laboratory on foot or by using 

hospital ‘POD’ system.   

10. Please record in Record of retained tissue samples (located in the site file)  

11. Please ensure the ‘Venous blood sample’ section on relevant CRF (research contact 2 or 3 has been 

completed. 
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14. Blood pressure (BP) measurement (RC2 and RC3) 

1. The participant is invited to take a seat. The participant will remain seated quietly for 5 minutes (time 

this) prior to the BP measurement.  

 

2. Ask the participant if they are left or right handed (L/H or R/H). Blood pressure measurement is 

preferably performed in the non-dominant arm. If this is not possible the dominant arm is used. 

Measurement is to be taken using the arm the blood sample was NOT taken from.  

 

3. Place a pillow under the chosen arm and ask the participant to rest their arm with palm facing upward on 

the pillow. The pillow may need to be doubled-over to ensure the arm is raised to level with the patients 

heart. 

 

4. If the participant is wearing a thick jacket or jumper, it will have to be rolled up beyond the elbow or 

removed. Be careful that no clothing is too tight around the upper arm 

 

5. Place the cuff a little higher than the elbow and fasten it as per the instructions on the cuff. 

 

6. Let the participant know they will receive a squeeze and their fingers may  

feel tingly but it will not last for long (approximately 40 seconds). 

 

7. Press the ‘On’ button on the Dinamap and once it is says 0, press ‘Start.’ 

 

8. Record 2 consecutive systolic and diastolic blood pressure readings where each value is within 10 mmHg 

of the other (further measurements may have to be made until this is the case, explain this to the 

participant).  

 

9. Also record the pulse reading  

 

10. Remove the cuff and record the two appropriate readings and pulse readings in the relevant CRF 

(research contact 2 or 3)  

 

11. Complete the ‘Blood pressure’ section of relevant CRF (research contact 2 or research contact 3) 

 

15. Height measurement (RC2 and RC3) 

 

1. Ask the participant to remove their shoes and guide them towards the stadiometer. 

 

2. Ensure they have removed hats or other headgear and have let down high ponytails or buns. 

 

3. Ask the participant to stand up straight with their back to the instrument and face forward. Feet must be 

put together and the knees straight. Ask participant to put his heels against the wall. Check they are not 

slumping or standing on their toes and that their head is level (Tip: Ask them to look at a poster on the 

wall or anything else that is at the correct eye level in front of them). 

 

4. Gently lower the upper measuring scale until it rests flat on the participants head. Firmly grasp the scale 

and request the patient to duck and step forward. 

 

5. Record the observed reading in the ‘Anthropometry’ section on the relevant CRF (research contact 2 or 

research contact 3). 

 

16. Body weight and body composition measurement (RC2 and RC3)  

Using Tanita Scales 

1. Ask the participant if they have been to the toilet recently. Allow them to go to the toilet if they answer 

no. 

2. Ask participant to confirm they do not have a pacemaker or other mechanical implant 

a. If they do, then please follow SOP below for ordinary scales 

3. Request the participant to remove their shoes and socks and any heavy clothing e.g. a coat 
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4.  Ask them to place keys, wallets, coins and other heavy items they have on the tray provided. 

5. Ensure Tanita scales are plugged in and switched on 

6. Press the orange button on the keypad, ensure the ‘PT’ mark is displayed on the right hand screen.  

7. On the right hand screen, the 0.0kg should be flashing. Press the enter button.  

8. Right hand screen should now read 0.0kg (not flashing) and ‘step on’ should appear 

9. Ask participant to step onto platform with bare feet, ensuring each foot is covering the silver electrode 

plates. For adults, heels should be in centered on electrodes, for children the heels may be slightly forward 

to ensure toes are in contact with the other electrodes like the picture below. Ask participant to stand still 

with arms by side.   

10. Select ‘standard body type’  

11. Select male or female 

12.  Type in age and press enter 

13. Type in height in cm and press enter 

14. When screen reads ‘grip on’ ask participant to pick up hand sensors and grip on so hands around each 

sensor. Ask them to hold them by their side, as shown in picture above, and stand still.  

15. The scales will beep several times- ensure participant this is normal. When right hand screen displays 

‘grip off’ ask participant to place sensors back in holders and step off platform.  

16. The display will now provide weight (kg), body fat (%) record these 

17. Then press arrow button (in center of keypad) so that the muscle icon is lit up and record the lean body 

mass (kg) which is the 3rd number down on right hand screen.  

18. Press arrow button so that the water icon is lit up and record total body water (kg) which is the 3rd number 

down on right hand screen. 

19. Press arrow button twice so that the BMR icon is lit up and record the BMI which is the second number 

down on the right hand screen 

20. Press off button 

21. Record all observed readings in the ‘Anthropometry’ section on the relevant CRF (research contact 2 or 

research contact 3).  

22. Ensure ‘anthropometry’ section on the relevant CRF (research contact 2 or research contact 3) is 

completed  
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Using ordinary scales 

1. Ask the participant if they have been to the toilet recently. Allow them to go to the toilet if they answer 

no. 

2. Request the participant to remove their shoes and socks and any heavy clothing e.g. a coat 

3.  Ask them to place keys, wallets, coins and other heavy items they have on the tray provided. 

4. Turn on the scales and wait until the displays reads 0.0kg 

5. Ask participant to step onto the scales 

6. Record observed reading in the ‘Anthropometry’ section on the relevant CRF (research contact 2 or 

research contact 3) 

7. Ask participant to step off the scales and remind them to collect their personal belongings  

8. Ensure ‘anthropometry’ section on the relevant CRF (research contact 2 or research contact 3) is 

completed 

 

17. Patient questionnaire administration (RC2 and RC3) 

Quality of life (QOL) questionnaire 

1. Select age-appropriate QOL questionnaire for participant: 

 Ages 10-12 years: PedsQL for 10-12 year olds 

 Ages 13-18 years: PedsQL for 13-18 year olds 

 Ages 19 and above: EQ-5D-3L questionnaire for adults  

2. Ensure participant I.D. number and date is written on the selected questionnaire  

3. Provide participant with black pen and solid writing surface. If a table is not available, participants should be 

provided with an item such as a clipboard.  

4. Explain the purpose of the questionnaire using the following script: 

For child participant 10-12 years old:  

This questionnaire asks you questions about how you feel and what you think about your health. It is not a test, 

and there are no right or wrong answers. It takes about 5 minutes to complete. It you have any questions please 

let me know.  

For older children and adult participants 13 years and above:  

This questionnaire assesses your health-related quality of life. It contains questions about your physical, 

emotional, social, and school functioning in the past one month.  It is brief and typically takes less than 5 

minutes to complete.  It is not a test, and there are no right or wrong answers.  Please be sure to read the 

instructions carefully and choose the response that is the closest to how you truly feel. If you have any 

questions, please let me know 

5. Explain to participant that the questionnaire is to be completed individually and they should attempt to 

complete questionnaire without consulting other family members. Explain that they are free to discuss their 

answers after completing their questionnaires, but that it is important to get their individual thoughts. Explain 

that the questionnaire they are completing may be different to their family members as there are different ones 

for different ages.  

6. If family member participants are completing their questionnaire at the same time, try to ensure they are 

facing away from each other 

7. Give the questionnaire to the participant and remain nearby while participant is completing questionnaire in 

case they have any questions.  

8. If the participant has a question about what an item means or how they should answer it, do not interpret the 

question for them.  Repeat the item to them verbatim.  Ask them to answer the item according to what they think 

the question means.  If they have trouble deciding on an answer, ask them to choose the response that comes 

closest to how they feel. participant has the option of not answering a question if they truly do not understand 

the question.  

9. When the participant returns the questionnaire, look it over and check to see that all answers have been 

completed.  Verify that no item has more than one response.  If any responses are incomplete, illegible, or there 

are multiple responses for an item, please ask the participant to indicate their response.   

 

10.   Please complete the relevant questions in the ‘patient questionnaires’ section on the relevant CRF (research 

contact 2 or research contact 3) ensuring that any reasons for refusals and non-completions of questionnaire are 

documented.  
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11. Please return a copy of this questionnaire by email to Fiona.kinnear1@nhs.net .Please keep original copy of 

questionnaire at this site.  

Physical activity questionnaire  

1. Select age-appropriate QOL questionnaire for participant: 

 Ages 10-14 years: PAQ-C questionnaire for 10-12 year olds 

 Ages 15-18 years: PAQ-A questionnaire for 15-18 year olds 

 Ages 19 and above: IPAQ questionnaire for adults  

2. Ensure participant I.D. number and date is written on the selected questionnaire  

3. Provide participant with black pen and solid writing surface. If a table is not available, participants should be 

provided with an item such as a clipboard.  

4. Explain the purpose of the questionnaire using the words provided on the front page of the questionnaires. 

5. Explain to participant that the questionnaire is to be completed individually and they should attempt to 

complete questionnaire without consulting other family members. Explain that they are free to discuss their 

answers after completing their questionnaires, but that it is important to get their individual thoughts. Explain 

that the questionnaire they are completing may be different to their family members as there are different ones 

for different ages.  

6. If family member participants are completing their questionnaire at the same time, try to ensure they are 

facing away from each other 

7. Give the questionnaire to the participant and remain nearby while participant is completing questionnaire in 

case they have any questions.  

8. If the participant has a question about what an item means or how they should answer it, do not interpret the 

question for them.  Repeat the item to them verbatim.  Ask them to answer the item according to what they think 

the question means.  If they have trouble deciding on an answer, ask them to choose the response that comes 

closest to how they feel. participant has the option of not answering a question if they truly do not understand 

the question.  

9. When the participant returns the questionnaire, look it over and check to see that all answers have been 

completed.  Verify that no item has more than one response.  If any responses are incomplete, illegible, or there 

are multiple responses for an item, please ask the participant to indicate their response.   

10.   Please complete the relevant questions in the ‘patient questionnaires’ section on the relevant CRF (research 

contact 2 or research contact 3) ensuring that any reasons for refusals and non-completions of questionnaire are 

documented.  

11. Please return a copy of this questionnaire by email to Fiona.kinnear1@nhs.net .Please keep original copy of 

questionnaire at this site. 

 

18. Health & beliefs questionnaire administration (RC2 for intervention participants, RC3 for control 

participants or the questionnaire & qualitative research contact)  

1. Select age-appropriate health & beliefs questionnaire for each participant: 

Children and young people: Health & beliefs questionnaire for young adults 

Adult/ parents: Health & beliefs questionnaire for adults 

2. Ensure participant I.D. number and date is written on the selected questionnaire 

3. Provide participant with black pen and solid writing surface. If a table is not available, participants should be 

provided with an item such as a clipboard.  

4. Give the questionnaire to the participant and remain nearby while participant is completing questionnaire in 

case they have any questions. 

5. Explain to participant that the questionnaire is to be completed individually and they should attempt to 

complete questionnaire without consulting other family members. Explain that they are free to discuss their 

answers after completing their questionnaires, but that it is important to get their individual thoughts. Explain 

that the questionnaire they are completing may be different to their family members as there are different ones 

for different ages. 

• However, for child and young person participants, inform them that they can ask their parent for help 

with answering any of the questions if they are unsure 

6. Explain to participant that the questionnaire is split into 3 sections and the aims of each one are: 

a. To find out what (if any) information they have been given in the past about the role of diet or physical 

activity in the treatment of their FH and to find out what they know about what the recommendations for FH are 

b. To find out what types of food they have eaten over the past month.  

c. To find out how they feel about having FH and its treatment 

7. Emphasis to participants that it is not a test, and it doesn’t matter if they don’t know the answer to a question. 

If they are unsure there is a ‘not sure’ option they can select for every question.  
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8. When the participant returns the questionnaire, look it over and check to see that all answers have been 

completed.  Verify that no item has more than one response.  If any responses are incomplete, illegible, or there 

are multiple responses for an item, please ask the participant to indicate their response.   

9.   Please complete the relevant questions in the ‘patient questionnaires’ section on the relevant CRF ensuring 

that any reasons for refusals and non-completions of questionnaire are documented.  

10. Please return a copy of this questionnaire by email to Fiona.kinnear1@nhs.net .Please keep original copy of 

questionnaire at this site. 

 

19. Physical activity monitoring tutorial (RC1) 

This tutorial can be delivered to family members together or separately. Please ensure you have the following 

ready prior to tutorial, for each individual participant:  

• Participant physical activity daily log and instruction booklet 

• 1 X Actigraph monitor and elasticated belt  

• 1 X activPAL monitor and 4 strips of BSN Hypafix hypoallergenic medical dressing 

Please ensure the following SOP has been followed prior to the physical activity tutorial: 

• Physical activity monitor set up 

1. Explain to participant that we are asking them to record the amount and type of physical activity they do over 

7 days using 2 monitors and a log book. Explain you will now provide instructions for each one.  

2. Hand Actigraph (on elasticated band) to participant and explain that this monitor is called an Actigraph and it 

records how much physical activity you do, and at what intensity (low, medium or high).  

3. Explain that they are to wear this monitor continuously for 7 days. It should be removed when bathing, 

showering and/or swimming. If they find it uncomfortable to sleep in, they can take it off but make sure they 

remember to put it on again as soon as they wake up.  

4. Explain that the monitor should be placed on, or as close to, their waistband as possible and rest on their hip 

bone- either side is fine. Explain that it can be worn underneath or on top of their clothing, just as long as it fits 

closely to their waistband. Explain it can be worn as a belt if their trousers have belt hoops. Ask them to ensure 

the belt fits comfortably tight against their body by adjusting the strap. Explain to participant that it is important 

it is worn over the hip at the side of the body- if it is too far round to the front or the back it does not capture the 

movement aswell. Provide guidance of: 'in line with your skirt/trouser seam'.  

5. Now ask participant to try putting on the monitor, offering assistance if required.  

6. Check monitor is attached according to above instructions and ask participant if they have any questions 

about this monitor 

7. Explain that the monitor will flash when recording data, so if they notice it has stopped flashing it means it 

has stopped working and they need to contact us.  

8. Hand ActivPAL to participant and explain that this monitor is called an ActivPAL and it records how much 

time they spend sitting down and standing up.  

9. Explain that they are to wear this monitor continuously for 7 days. As it is in a waterproof sleeve they can 

wear it when showering, however they should remove it if they go swimming, and remember to put it straight 

back on when finished swimming.  

10. Explain that it is to be worn on their upper thigh so that the ‘man’ on the device is facing forward forwards 

and standing upright. The smooth side of the device should be placed onto their skin. 

11.  They are to use the BSN Hypafix hypoallergenic medical dressing to attach it directly to their leg. Clothing 

is worn on top of this monitor. Instruct them to place the smooth side of device onto their thigh (stickman facing 

upwards and looking outwards) and put dressing over the top of this.  

11. Now ask participant to try putting on the monitor, offering assistance if required.  

12. Check monitor is attached according to above instructions and ask participant if they have any questions 

about this monitor 

13. Ask participants to change the dressing once every 2-3 days. Ask participants to avoid playing with the 

dressing and changing it more frequently than every 2-3 days. Provide each participant with 3 spare strips of 

dressing- in addition to the one they are about to use.  

13. As the participant will begin recording their activity the next day then they may wish to keep the ActivPAL 

attached to leg. However if they do not wish to wear it for the rest of the day, they may wish to remove it and 

attach it to their later. In both cases explain that recording will start at midnight of the day prior to 1st day 

recording. Ask them to wear the monitor when they go to sleep the night before 1st of recording to capture their 

morning movements.  

13. Explain that as recording will start during the night before the first day of recording, when they first put the 

monitor on the evening before the first day of recording the monitor will not be flashing, but it should be 
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flashing every 6 seconds when they wake up. If they notice it has stopped flashing during the 7 days of 

monitoring then it means it has stopped working and they need to contact us. 

14. Hand participant the physical activity daily log and turn to page 3 and explain that we also need to fill out a 

daily log of their physical activity while wearing these monitors.  

15. Turn to pages 4 & 5 to show participant the log and explain that the log is divided into 7 days and we need 

them to complete each day’s questions as accurately as they possible.  

16. Use the example in red at the top of the table to explain each section of the log. Explain that in the first 

column they are to write the date and what time they woke up, in the second column if it is a school/work or 

non-school/work day, in the second column what time they started and finished work/school, in the 4 th column 

any exercise they did that day and at what times, in the 5th column what time they went to bed and in the last 

column if they removed the monitor on their thigh at any time- if they did then at what time.  

17. Ask participants to be as accurate as they can be- trying to record exact times, or to the nearest 5 minutes. 

18. Remind participants that they are to complete the log during the days they are wearing the monitors. Suggest 

that they try to fill out the log daily, rather than at the end of the week as they may forget they exact times.  

19. Write the serial number of each monitor on the top of page 4 of the physical activity daily log and 

instructions book 

20. Indicate to participants that instructions for using the monitors and the log book and included on pages 1-3 

of the physical activity daily log and instructions book. Also indicate that contact details for the research 

dietitian (Fiona Kinnear) are on the front page and if they have any further questions or problems using the 

monitors or logs they can email or call her.  

21. Explain to participants that the devices have been programmed to begin recording at midnight on the day of 

this appointment, with the first day of recording therefore beginning when they wake up tomorrow. We would 

therefore ask them to ensure they are wearing the ActivPAL when they go to sleep and put on the Actigraph as 

soon as they wake up tomorrow. Tomorrow will be the first day of their 7 day recording period.  

22. Record the 7 days of physical activity recording in RC1 CRF in the ‘nutritional intake and physical activity 

recording’ section and ask participants to take a note of these dates to remind them.  

23. Remind participants that we are trying to gather information about their usual levels of physical activity so 

we would like them to try and do their usual amount of activity during the 7 days of recording.  

24. Ensure relevant fields in the PA monitor log book (located in site file) are completed.  

24. Remind participants to bring their monitors and log books back with them to research contact 2.  

 

20. Intake 24 tutorial (RC1) 

This tutorial can be delivered to family members together or separately. This tutorial requires access to a 

computer or laptop with internet access. Please ensure you have the following ready prior to tutorial, for each 

individual participant:  

- Participants intake24 username and password. This can be obtained from the intake24 username and password 

log (located in site file) 

1. Explain to participant that we would like to find out what they normally eat and drink. In order for us to find 

this out we are going to ask them to use an online tool called Intake24 to record everything they eat or drink 

over 4 days.  

2. Explain to participant that we would like each individual to complete this themselves, but for some younger 

children they may need some help from their parents- especially for meals that their parents may have cooked. 

This should be done at the end of each day and should take about 20 minutes to complete. Remind participants 

that the online intake24 form should be completed before midnight on each day which they agreed to record 

their nutrition intake on.  

3. Explain to participant that we have set up a unique page within the Intake24 website for this study. Type in 

www.intake24.co.uk/surveys/FHfamilies into internet browser, the log in page will appear. Ask participant to 

write down this website address, reminding them that it is case sensitive so the FH must be capital letters.  

4. Indicate to participants that on this log in page they will need to enter their assigned username and password. 

At this point provide each participant with their log in name and password. Also give each participant their 

intake24 tutorial booklet and ask them to write their username and password on the front of this.    

5. Please press the ‘watch the tutorial’ button and explain to participant we will now watch a short 3 minute 

video on how to record their intakes. 

6. After the video has finished playing, ask participant if they have any questions.  

7. Ask participant to log in using the log in details you gave them to check that it works.  

8. Explain to participants that they can access this website on laptops, computers, mobile phones and tablet 

devices. Suggest that they may find it easy to record on piece of paper, or on their phones, what they eat and 

drink throughout the day to help them when they come to log their intake for each day. Emphasis that it is to be 

completed daily. Suggest setting a reminder on their phone.  

http://www.intake24.co.uk/surveys/FHfamilies
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9. Explain that in order to capture what they eat in a typical week we would like them to record for 4 days, 

which should incorporate 1 weekend day. Ideally we would like the 4 days to be during the 7 days they are 

monitoring their physical activity levels. Ideally these 4 days would not be consecutive. Agree with participant 

the 4 days in which they are going to record their nutritional intake before they come back for research contact 

2. Ask them to write this down on the front pf their intake24 tutorial booklet.  

10. Please document the agreed dates in each participants CRF for RC1 in the ‘nutritional intake and physical 

activity monitoring’ section. 

13. Remind participants that we are trying to gather information about what they usually eat and drink, so we 

would like them to try and eat and drink what they normally would during these 4 days.  

14. Ask participant if they have any other questions. Remind participants that if they have any difficulties 

completing the Intake24, they can look at their intake24 tutorial booklet which has the answers to many 

frequently asked questions. If they don’t resolve their problem using this, then they can email or call Fiona 

Kinnear (research dietitian).  

 

22. Qualitative interviews  

Qualitative interviews are intended to be carried out with individual participants, but children/young people can 

be interviewed with their parents present if they request.  Please ensure each participant consented to taking part 

in qualitative interviews on the study consent and/or assent forms and has been selected to be part of this sub-

sample. This information can be found on the qualitative interview log located in the site file. It may be that the 

parent has been selected, and the child hasn’t, or vice versa. If this is the case, please explain why only certain 

participants have been chosen. (not possible to interview everyone, so picked sub-sample of participants, based 

on their age, which group they were in etc.) Ensure family member not being interviewed has somewhere they 

can sit and wait. For participants who have taken part in the full study- this may be carried out at RC3 or at a 

later date over the phone or in person. Please adapt the below instructions accordingly.  

1. Thank participant for agreeing to take part in the qualitative interview 

2. Explain the purpose of the interview using words based on below script: 

We would like to find out how you feel about having FH, and it’s treatment. We would also like to find out how 

you found taking part in the study. This will help us understand how we might improve future studies and also 

further out understanding of what it is like to live with FH. To do this, I have some questions I am going to ask 

you. While I have some questions prepared, please feel free to bring up other subjects related to FH or your 

experience taking part in the study that you would like to tell me about. I want to assure you that everything you 

tell me will be treated confidentiality and it will not affect the care you receive in hospital. You can refuse to 

answer any of the questions, without telling me why.  

3. If consented to the use of anonymised quotes (information found in qualitative interviews log in site master 

file) then also explain this using words based on the below script:  

While everything you say will be treated confidentiality, we might use something you have said to illustrate a 

finding in the results of the study or in a published research paper. Your name will never be given alongside the 

quote, so no one will know it was you who said it.  

4. Inform participant that you would like to audio-record the interview. Explain that it is easier to listen back to 

the interview afterward instead of writing down everything they have said. Ask participant if this is ok, and 

explain that you may also make the occasional note to remind yourself of something. 

5. Explain that you will ask a couple of general questions first then move onto questions about their experiences 

of living with FH and then some about their experience taking part in the study.  

6. Switch on the audio-recording device 

7. Ask background questions such as how long have you known you have had FH for, how many other family 

members have it, have they always received care in this hospital. These are just to put participant at ease. 

8. Begin interview, using semi-structured interview guides. Please ensure the correct version is used. The guides 

differ depending on if participant is a child/young person or an adult and if they were in control or intervention 

group of study.  

9. Questions are intended to be open ended, allow participant to lead to course of direction of the interview but 

ensure it still remains on topic. Use probing to find out further information.  

10. At the end of the interview, turn off audio recording device and thank participant for taking part.  

11. Ensure the ‘qualitative interviews’ section of RC3 CRF is complete if taking part at RC3.  

11.  Take field notes on how you felt the interview went- reflecting on your own conduct and interaction with 

the participant. Make notes of anything you feel is relevant to how the interview went and what topics were 

discussed. File these notes alongside the qualitative interview CRF, ensuring no identifiable information is 

written on them.  

13. Please update qualitative interview log (located in site file) for each participant who took part. 
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23. Delivery of physical activity monitors to participants  

Background information 

• Each participant requires an Actigraph and ActivPAL physical activity monitor to record their physical 

activity for 7 days in the 12th week of the intervention or control period. At RC2 it would have been 

agreed with participant if they wish to have these delivered in post, or delivered by member of the 

research team. Due to the battery life of monitors, these need to be delivered as close as possible to the 

first day of recording.  

• Consult the PA monitor log (located in site file) to find out the dates that each participant agreed to 

record physical activity for 7 days. 

1. One week before the agreed first date of recording, use the email address or phone number provided by the 

participant to contact them to confirm that the arranged date of delivery still suits them. 

• Explain that they will receive the monitors the day before the agreed 1st day of recording and they 

therefore are required to be able to sign for the package to ensure they receive them in time.  

• If more than one family member- inform them that a label will be put on the devices to indicate which 

monitors are for which family member. Ask them to make sure they wear the monitors assigned to 

them.  

• During this phonecall, provide brief refresher of how to wear and use the devices- using the SOP for 

physical activity monitor tutorial as guidance, answering any questions they may have.  

• Ask them to wear the ActivPAL device when going to bed the night before the agreed first day of 

recording and remind them to put on the Actigraph monitor as soon as they wake up.  

• Remind them also to fill out the physical activity log that will also be sent out with the monitors 

• Remind participant of the date, time and location of their RC3 visit and ask them to bring the monitors 

with them to this visit. 

2. Two days before the agreed first day of recording, please complete the SOP for ‘physical activity monitor set 

up’.As close as possible to completing the above, place monitors (for all participants in the family) into padded 

envelope. Ensure each monitor is labelled with the first name of the participant it is assigned to, if more than one 

member of family taking part. Also add into package a physical activity log booklet and 4 strips of adhesive 

dressing for each participant.  

3. Address envelope with address provided by participant  

4. Take to post office and get package sent first class tracked delivery. Ensure this is carried out before 5pm.  

5. Please ensure the relevant fields in the PA Monitor log have been completed.  

 

24. Withdrawal 

1. After a participant has indicated the desire to withdraw, a withdrawal letter is sent to the home of the 

participant. 

2. If a message of withdrawal has been left on NIHR BRC answer-machine, two attempts (on two separate 

days) are made to contact the participant. If the participant still has not been reached within these two 

days a withdrawal letter is automatically be sent out.  

3. The CRF for the due visit must be filled out at follows: 

a. Document participant I.D. and date on 2nd page.  

b. At the top of 2nd page, please document ‘patient withdrawn from study on date  

4. All CRFs after the first due visit after withdrawal must also be filled out as above 

5. Please record the withdrawal from the study in the participants medical notes, the subject screening and 

recruitment record (located in site file), the master participant I.D. log (located in master file) and inform their 

clinician.  

25. Missed visits 

 

1. The individual who was responsible for conducting the visit with the participant is to call the participant 

and attempt to rebook them on a date as close to their missed visit date as possible.   
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2. If the participant does not answer the phone a message is left asking them to contact us to rebook their visit. 

The phone number for NIHR BRC is to be left (0117 3421754).  

3. Every attempt is made to contact them on the day of their missed visit i.e. using all contact phone numbers 

and email addresses the participant provided 

4. If there has been no contact with the participant on the day of the missed visit, another attempt at contacting 

the participant is to be made the following day.  

5. If there has still been no response from participant in the 7 days following the missed appointment, a missed 

appointment letter is to be sent to the participant  
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 Appendix 5.5 Participant information sheet for children aged 10-12 years old 

Nutrition and Physical Activity Intervention for 
Families with FH 

We would like to invite you to take part in a research study we are doing. Please read 
this information carefully and talk to your families or hospital doctor about this 
research.    

Why am I being asked to take part?  
We need young people who have familial hypercholesterolaemia (FH). 
We would also like to ask your mum or dad to take part in this research 
with you. We want to find out if making changes to the food you eat and 
the amount of time you spend being active can change how much 
cholesterol is in your blood. 
Do I have to take part?  
No, only if you want to. You can talk about it with your family but it is your choice. No 
one will be cross with you if you say no. Even if your brother or sister says yes, you can 
say no.  

Taking part in the study means:  
 
 
  
  
 
 
 
 
 
 
 
 
 
 

 
 
What we will ask you to do during the 12 week research study will depend on what 
group you are in. This is randomised which means a computer will decide which group 
you are in. It is a bit like flipping a coin.  
 
 

 
 

 

Group 2  You will be asked to not make any changes to what you eat or how active you 
are   

Group 1 

You will meet with a dietitian and decide with them some changes to make to 
what you eat and how active you are. The dietitian will phone, email or text you 

to help you with making the changes during this time  
  

Wearing two sensors: one on your leg and one around your waist for 7 
days to measure how much you move 

 

Using a computer to record everything you eat and drink 
for 4 days 

 
Having your height, weight and blood pressure measured and one 

blood sample taken. You would need to arrive fasted 

Talking to the dietitian who will ask you some questions about what 
you think about having FH and taking part in the research. This will be 

audio-recorded if this is ok with you.  
 

We would ask you 
to do these things 
at the start and at 
the end of the 12 

week research 
study 

We won’t ask 
everyone to do 
this part of the 
study. You can 

choose not to take 
part.  
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Might anything about the research upset me?  
If you are in group 1, you might find the changes a little difficult to make. However you 
will talk about all the changes with the dietitian and you will only be asked to agree to 
changes you are happy to make.  
Who will know that I am taking part? 
We will let your hospital FH doctor and nurse know you are helping us with the 
research. The people in the research team will also know but they will not tell anyone 
else. Everything you tell us will be kept safe.  
What happens next?  
If you want to take part, and your parents also say yes, one of our team will contact your 
parents to arrange a good time to take part.  
Got anymore questions?  
Just ask your parents to contact [site to enter name, position, and contact details of 
member of research team] 
 

Thank you! 
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Appendix 5.6 Participant information sheet for children aged 13-18 years old 

Nutrition and Physical Activity Intervention for Families with FH 

You are being invited to take part in a research study to investigate if making changes to food choices and 

physical activity can improve blood cholesterol in families with familial hypercholesterolaemia (FH). 

Please take time to read this information leaflet and discuss it with your family or hospital doctor. 

Why is this research being carried out?  
The purpose of this research study is to find out if changing the food eaten and physical activity of 

families with FH improves cholesterol. We also want to see how acceptable making changes is.  

Why have I been invited?  
We are inviting children and young people aged 10-18 years with FH who receive their care from Bath, 

Bristol and St. George’s NHS Foundation Trust Hospitals to take part in our study if they wish to. As FH 

runs in families, we are also inviting your mum or dad take part, if they too have FH. 

Do I have to take part?  
No, taking part in this research study is voluntary. It is up to you to decide whether you want to take part. 

Nobody will be upset and the care you receive will not be affected if you decide not to take part. If you 

decide to take part, you are free to withdraw at any time and you do not have to give a reason for your 

decision. Even if your brother or sister takes part, you do not have to. If you choose not to take part, we 

may contact you to ask if you would like to take part in certain parts of the study such as the 

questionnaires which can be completed at home. If you would prefer we did not contact you about this 

then please tell your hospital doctor or contact the research team using the details at the end of this letter. 

What would I have to do?  
You would need to come to the hospital for 3 visits each lasting 1-2 hours. You would also be asked to do 

some things at home inbetween these visits. The diagram overleaf explains what you would be asked to 

do at each hospital visit and at home. All the things you will be asked to do at home will be described in 

detail to you at the first hospital visit. You would also be able to phone or email the research dietitian.  

You will be asked to give one blood sample on two occasions and a local anaesthetic can be used if you 

like. The research team will measure the amount of different types of cholesterol in these samples to see 

if making improvements to physical activity and nutrition alters these amounts. The blood samples will 

be shared with University Hospitals Bristol, Royal United Bath and St. George’s University Hospitals NHS 

trusts and the University of Bristol. Blood samples will be anonymised and handled by authorised 

members of the research team only. With your permission, when the study finishes, the blood samples 

will be stored in a licensed ‘Biobank’. They will be stored anonymously (no-one will know who they came 

from). They may be used in future studies relating to FH or for other health related research purposes. 
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At home between hospital visit 
1 and 2  

✓ Measure your physical activity by wearing two sensors (on waist and 

leg) for 7 days like the ones in the pictures. They can be hidden by 

clothing and do not hurt 

✓ You would also keep an activity diary for these 7 days 

✓ Measure your nutrition by using a computer to record everything you 

eat and drink for 4 days 

Hospital visit 2 

✓ One blood sample taken. You would need to arrive fasted (for at least 6 
hours)  

✓ Blood pressure, weight, height and body composition will be measured 

✓ You will be asked to fill in a quality of life questionnaire, physical activity 
questionnaire and a knowledge and beliefs questionnaire  

✓ You will be assigned to Group 1 or Group 2 

 

Group 1 
Meet with dietitian to discuss 

your nutrition and physical 
activity 

 

Group 2 
You would not meet with the 

dietitian 
 

At home between hospital visit 
2 and 3 

Group 1: We will ask you to make some changes to your nutrition and physical 
activity. The dietitian will help you identify these changes during Hospital visit 2 
and will be in contact to provide support during the 12 weeks by phone & email 
Group 2: We will ask you not to make any changes to your nutrition or physical 
activity initially  
 

12 
weeks 

Hospital visit 3 

✓ One blood sample taken. You would need to arrive fasted (for at least 6 hours)  

✓ Blood pressure, weight, height and body composition will be measured and questionnaires 

repeated 

✓ The research dietitian may ask questions about what you liked and didn’t like about the 

study. They may also ask you about how you feel about having FH. You will also be able to 

provide any other feedback you wish to. This will be audio-recorded if this is ok with you. 
It is an optional part of the study.  

 

✓ Research study explained in more detail 

✓ You will be given details of how to record your nutrition and physical 
activity  
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Which group will I be in?  

This study is randomised which means that there is a 50/50 chance of you being in either group. A 

computer will make this decision. Members of the same family will be in the same group. You, or your 

hospital doctor, cannot choose which group you are in. However, if you are in group 2, you will be able 

to meet with the dietitian like those in group 1 did after the end of the study if you wish to.   

What are the possible disadvantages and risks of taking part?  

If you are in the group 1, there is a chance that you find it hard to make the changes for 12 weeks. 

However, you will decide with the dietitian the changes you will make so this should not happen.  

What are the possible benefits of taking part? 

The results of the research study will help us better understand how nutrition and physical activity can 

help improve the blood cholesterol levels of people with FH. All families will have had the opportunity to 

receive detailed nutrition and physical activity advice by the end of the study. 

Who will know I am taking part in the study?  

Your hospital FH care team will know you are taking part in the study. No identifiable information about 

you will leave the NHS hospital site you receive care from.  

What happens when the study is finished?  

After the study finishes, you will go back to receiving the same care as you usually did. With your 

permission, a member of the research team or your clinical care team may contact you in the future to ask 

if you would wish to participate in other research studies. These studies may be related to this one, or 

may be different. You would not have to take part in these research studies if you do not want to.  

Will the results be kept confidential? 

All information about you which is collected during the study will be kept strictly confidential and your 

name will not be used. A number or letter will be used instead i.e. Patient (1) or (A). The University of 

Bristol is the sponsor for this study based in the United Kingdom.  We will be using information from you 

and your medical records in order to undertake this study and will act as the data controller for this 

study. This means that we are responsible for looking after your information and using it properly. The 

NIHR Biomedical Research Centre, on behalf of The University of Bristol will keep identifiable 

information about you until the study has finished. They will keep non-identifiable information about you 

for 10 years after the study has finished. After this 10 years, this information will be securely destroyed.  

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 our Information Governance 

Manager at data-protection@bristol.ac.uk.  

Your NHS site will collect information from you and your medical records for this research study in 

accordance with our instructions. Your NHS site will 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 

mailto:data-protection@bristol.ac.uk
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recorded for your care, and to oversee the quality of the study. Individuals from the University of Bristol 

and regulatory organisations may look at your medical and research records to check the accuracy of the 

research study. Your NHS site will pass these details to members of the research team at the NIHR 

Biomedical Research Centre on behalf of The University of Bristol along with the information collected 

from you and your medical records. The only people in The University of Bristol who will have access to 

information that identifies you will be people who 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. 

When you agree to take part in a research study, the information about your health and care may be 

provided to researchers running other research studies in this organisation and in other organisations. 

These organisations may be universities, NHS organisations or companies involved in health and care 

research in this country or abroad. Your information will only be used by organisations and researchers 

to conduct research in accordance with the UK Policy Framework for Health and Social Care Research. 

This information will not identify you and will not be combined with other information in a way that 

could identify you. The information will only be used for the purpose of health and care research, and 

cannot be used to contact you or to affect your care. It will not be used to make decisions about future 

services available to you, such as insurance. 

The results will be used to help us develop a better understanding of the role of physical activity and 

nutrition in the treatment of FH. The results will be written up in medical journals and presented at 

research meetings. No one will ever be able to identify any participants.  

Who is organising and funding this study? 

The National Institute for Health Research (NIHR) is funding this study. The University of Bristol has 

overall responsibility for the conduct of the study. The study is being undertaken as part of a PhD project.   

Who has reviewed this study?  

This study has been reviewed and approved by South West Cornwall and Plymouth Research Ethics 

Committee.  

What if there is a problem?  

If you have any concerns about the way you have been approached or treated during the research study, 

you may wish to contact the Patient Advice and Liaison Service (PALS)/Patient support and complaints 

team on [local site to insert number] or by email on {site to insert email] , or write to the team at the 

following address: [local site to insert address] 

Where can I get more information?  

You can get more information or answers to your questions about the study from [Site to enter name, 

position and contact details for member of research team].  

 
           Thank you for taking the time to read this leaflet. 

           We look forward to hearing from you soon. 
 
 
 
 

https://www.hra.nhs.uk/planning-and-improving-research/policies-standards-legislation/uk-policy-framework-health-social-care-research/
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Appendix 5.7 Participant information sheet (PIS) for parents 

Nutrition and Physical Activity Intervention for Families with FH 
You and your child with familial hypercholesterolaemia (FH) are being invited to take part in a research 

study to investigate if making changes to nutrition and physical activity levels can improve blood 

cholesterol levels in families with FH. As FH runs in families, we wish to carry out a family based research 

study where the parent with FH also takes part. 

Why is this research being carried out?   
The purpose of this study is to find out if making changes to the nutrition and physical activity levels of 

families with FH improves blood cholesterol levels. We also want to see how acceptable making changes 

is for you and your child.  

Why has my child and I been invited?   
We are inviting all children and young people aged 10-18 years with FH who receive care Bath, Bristol 

and St. George’s NHS Foundation Trust Hospitals to take part in our study if they wish to. We would also 

like to invite the parent of the child who also has FH to take part.  

Do my child and I have to take part?  
No, taking part in the research study is entirely voluntary. It is up to you and your child to decide whether 

you want to join the research study. The care you receive will not be affected if you decide not to take 

part. If you choose to take part, you are free to withdraw at any time and you do not have to give a reason. 

If you choose not to take part, we may contact you to ask if you would like to take part in certain parts of 

the study such as the questionnaires which can be completed at home. If you would prefer we did not 

contact you about this then please tell your hospital doctor or contact the research team using the details 

at the end of this letter. 

 What would taking part in the study involve?  

You and your child are invited to come to the hospital for 3 visits each lasting 1-2 hours. You would both 

also be asked to do some things at home inbetween these visits. The diagram overleaf explains what you 

would both be asked to do at each hospital visit and at home. You will both be asked to give one blood 

sample on two occasions and a local anaesthetic can be used if you like. The research team will measure 

the amount of different types of cholesterol in these samples to see if the making improvements to 

physical activity and nutrition alters these amounts. The blood samples will be shared with University 

Hospitals Bristol, Royal United Bath and St. George’s University Hospitals NHS trusts and the University of 

Bristol. Blood samples will be anonymised and handled by authorised members of the research team 

only. With your permission, when the study finishes, the blood samples will be stored in a licensed 

‘Biobank’. They will be stored anonymously (no-one will know who they came from). They may be used in 

future studies relating to FH or for other health related research purposes. 
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At home between hospital visit 
1 and 2  

✓ Measure your physical activity by wearing two sensors (on waist and 

leg) for 7 days like the ones in the pictures. They can be hidden by 

clothing and do not hurt 

✓ You would also keep an activity diary for these 7 days 

✓ Measure your nutrition by using a computer to record everything you 

eat and drink for 4 days 

Hospital visit 2 

✓ One blood sample taken. You would need to arrive fasted (for at least 6 
hours)  

✓ Blood pressure, weight, height and body composition will be measured 

✓ You will be asked to fill in a quality of life questionnaire, physical activity 
questionnaire and a knowledge and beliefs questionnaire  

✓ You will be assigned to Group 1 or Group 2 

 

Group 1 
Meet with dietitian to discuss 

your nutrition and physical 
activity 

 

Group 2 
You would not meet with the 

dietitian 
 

OR 

At home between hospital visit 
2 and 3 

Group 1: We will ask you to make some changes to your nutrition and physical 
activity. The dietitian will help you identify these changes during Hospital visit 2 
and will be in contact to provide support during the 12 weeks by phone & email 
Group 2: We will ask you not to make any changes to your nutrition or physical 
activity initially  
 

12 
weeks 

Hospital visit 3 

✓ One blood sample taken. You would need to arrive fasted (for at least 6 hours)  

✓ Blood pressure, weight, height and body composition will be measured and questionnaires 
repeated 

✓ The research dietitian may ask questions about what you liked and didn’t like about the 

study. They may also ask you about how you feel about having FH. You will also be able to 

provide any other feedback you wish to. This will be audio-recorded if this is ok with you. 
It is an optional part of the study.  

✓ Research study explained in more detail 

✓ You will be given details of how to record your nutrition and physical 

activity  
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This study is randomised which means that there is a 50/50 chance of you being in 

either group. A computer will make this decision. Members of the same family will be in 

the same group. You, or your hospital doctor, cannot choose which group you and your 

child are in. However, if you are in group 2, you will be able to meet with the dietitian like those 

in group 1 did after the end of the study if you wish to.   

Will my child and I receive payment?  

As the study visits are extra to your usual hospital visits we will pay for any travel expenses and parking 

costs that occur as a result of taking part in our study. Please keep all receipts.  

What are the possible benefits and disadvantages of taking part? 

The results of our research study will help us better understand how nutrition and physical activity can 

help improve the blood cholesterol levels of people with FH. If you are in group 1, there is a chance that 

you and your child may find it hard to make the changes for 12 weeks. However, the dietitian will help so 

this should not happen. All families will have had the opportunity to receive detailed nutrition and 

physical activity advice by the end of the study.  

Who will know my child and I are taking part in the study?  

Both your, and your child’s hospital FH care teams will know you are taking part in the study.  No 

identifiable information about you or your child will leave the NHS hospital site you receive care from.  

What happens when this study is finished?  

After the study finishes, you and your child will go back to receiving the same care as you usually did. 

With your permission, a member of the research team or your clinical care team may contact you in the 

future to ask if you or your child would wish to participate in other research studies. These studies may 

be related to this one, or may be different. You and your child would not have to take part in these 

research studies.  

Will the results be kept confidential? 

All information about you and your child which is collected during the study will be kept strictly 

confidential and your names will not be used. A number or letter will be used instead i.e. Patient (1) or 

(A). The University of Bristol is the sponsor for this study based in the United Kingdom.  We will be using 

information from you and your child and from your child’s 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 information about you and your child and using it properly. The NIHR Biomedical 

Research Centre, on behalf of The University of Bristol will keep identifiable information about you and 

your child until the study has finished. They will keep non-identifiable information about you and your 

child for 10 years after the study has finished. After this 10 years, this information will be securely 

destroyed. Your rights to access, change or move your and your child’s 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 or your child withdraw from the study, we will keep the information about you and your child that 

we have already obtained. To safeguard your rights, we will use the minimum personally-identifiable 

information possible. 
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You can find out more about how we use your and your child’s information by contacting our Information 

Governance Manager at data-protection@bristol.ac.uk. Your NHS site will collect information from you, 

your child and your and your child’s medical records for this research study in accordance with our 

instructions.Your NHS site will use your names, NHS numbers and contact details to contact you and your 

child about the research study, and make sure that relevant information about the study is recorded for 

your and your child’s care, and to oversee the quality of the study. Individuals from The University of 

Bristol and regulatory organisations may look at your and your child’s medical and research records to 

check the accuracy of the research study. Your NHS site will pass these details to members of the research 

team at the NIHR Biomedical Research Centre on behalf of The University of Bristol along with the 

information collected from you and your child and from your and your child’s medical records. The only 

people in The University of Bristol who will have access to information that identifies you or your child 

will be people who audit the data collection process. The people who analyse the information will not be 

able to identify you or your child and will not be able to find out your or your child’s name, NHS number 

or contact details.When you and your child agree to take part in a research study, the information about 

your and your child’s health and care may be provided to researchers running other research studies in 

this organisation and in other organisations. These organisations may be universities, NHS organisations 

or companies involved in health and care research in this country or abroad. Your and your child’s 

information will only be used by organisations and researchers to conduct research in accordance with 

the UK Policy Framework for Health and Social Care Research. This information will not identify you or 

your child and will not be combined with other information in a way that could identify you or your child. 

The information will only be used for the purpose of health and care research, and cannot be used to 

contact you or your child or to affect your care. It will not be used to make decisions about future services 

available to you or your child, such as insurance. 

The results will be used to help us develop a better understanding of the role of physical activity and 

nutrition in the treatment of FH. The results will be written up in medical journals and presented at 

research meetings. No one will ever be able to identify any participants.  

Who is organising and funding this study? 

The National Institute for Health Research (NIHR) is funding this study. The University of Bristol has 

overall responsibility for the conduct of the study. This study is being undertaken as part of a PhD project.  

Who has reviewed this study? This study has been reviewed and approved by South West Cornwall and 

Plymouth Research Ethics Committee.  

What if there is a problem? If you have any concerns about the way you have been approached or 

treated during the research study, you may wish to contact the Patient Advice and Liaison Service 

(PALS)/Patient support and complaints team on [local site to insert number] or by email on [site to insert 

email] , or write to the team at the following address: [local site to insert address] 

Where can I get more information? You can get more information or answers to your questions about 

the study from [Site to enter name, position and contact details for member of research team].  

 Thank you for taking the time to read this leaflet. 

We look forward to hearing from you soon. 

mailto:data-protection@bristol.ac.uk
https://www.hra.nhs.uk/planning-and-improving-research/policies-standards-legislation/uk-policy-framework-health-social-care-research/
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Appendix 5.8 Email template for dietetic follow up sessions carried out over email 

 
1. Please use following template for email  

 

Dear [enter names of participants] 

 

I hope you are getting on well with the nutritional and physical activity changes we agreed 

upon when we met on [insert date of original dietetic intervention]  

 

OR  

 

spoke/emailed on [insert date of last contact with participant]. 

 

I am emailing to check in to see how you are getting on with the changes we last agreed on:  

 

[Insert agreed changes] 

 

Would you be able to let me know how you are getting on with each on? For each of the 

agreed changes above: 

 

1. Could you let me know if you are managing to make this change?  

 

2. If you have not been able to, could you explain why? I can offer further advice and answer 

any questions to help you be able to make the change. If you feel like you won’t be able to 

make the change despite further support, then please tell me this and we can decide upon 

another change you could make instead.  

 

3. If you have been able to make the change- congratulations! Do you think you will be able 

to continue with this change? Are there any further changes you think you could make on top 

of this going forward?  

 

Additionally, using details you have recorded in your reflection diaries- have you faced any 

barriers to making the changes to your diet or physical activity? Did you manage to over-

come these?  

 

Do you anticipate any other barriers before I next speak to you? Are you able to think of any 

solutions to these? I can provide ideas too on my reply.  

 

 

I look forward to hearing back from you  

 

Kind regards, 

[insert name and contact details of research dietitian] 
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Appendix 5.9 Topic guide for qualitative interviews with child participants 

Section A: Experiences of study processes  

1. Could you tell me a bit about how you found out about the study and why you decided 

to take part? 

Prompts:  

• Explore motivation behind their decision to take part 

• Explore the factors influencing their decision to take part- i.e. personal benefit, 

to benefit others, the opinion of others including their parents, interest in 

research  

• Did you find the information provided to you gave all the information you 

needed to know about the study?  

• In what ways do you think your experience could have been improved?  

• What did you enjoy most, and what did you enjoy least, about being part of this 

research?  

 

2. Would you be able to describe your experience of attending the 3 research visits to the 

hospital? 

Prompts: 

• Explore in relation to logistics of getting to hospital, frequency of visits, 

length of visits and how they fitted into their normal daily activities  

• Did you feel you understood the purpose and everything that was going to 

happen at each visit? 

• In what ways do you think your experience could have been improved?  

 

3. How did you find recording everything you ate or drank on the online INTAKE24 

tool? 

Prompts: 

• Explore in relation to ease of use, time taken to complete, number of days 

asked to record intake 

• What did you like, and what didn’t you like about INTAKE24?  

• Did you find that recording your diet made you change what you ate or drank?  

• How do think the INTAKE24 compares to other methods such as writing 

down everything you eat and drink as you go? 

• In what ways do you think this task could be made more enjoyable or easier?  

 

4. How did you find wearing the physical activity monitors and recording your activity in 

the log book?  

Prompts: 

• Explore in relation to ease of use, time taken to complete logs, number of days 

asked to record activity, experience of wearing the monitors 

• Did you find that recording your activity made you change what/how much 

activity you were doing?  

• In what ways do you think this task could be made more enjoyable or easier?  

 

Section C: Experiences of the intervention (for those in the intervention group only)   
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5. Could you tell me about how you found the nutrition and physical activity advice you 

were given?  

Prompts: 

• Perceived ease/difficulty of making changes 

o Explore in relation to each dietary/PA target of the intervention  

• For changes they report not having being able to meet: 

o What made it difficult for you to make this change? 

o Could anything have been done differently to help you make this 

change? 

• For changes they report being able to meet: 

o What made it possible for you to make this change?  

• What was your favourite, and least favourite, of the changes you made?  

• What have been the positives, and negatives, about the changes you have 

made? 

• Do you think you will be sticking with the changes you have made?  

• What do you think could be done to make the advice you were given better?  

 

6. Could you tell me about your experience with the dietetic consultation and the follow 

up emails/phone calls?  

Prompts: 

• How did you find the information you were given- was it useful? Relevant?  

• Did you look at the booklets at home during the 12 week intervention period?  

• Explore phone calls/emails in relation to frequency, usefulness, relevance and 

convenience  

• What were been the positives, and negatives of the dietetic consultation and 

follow ups?  

• What do you think could be done to make the consultation and follow up 

contact better in the future?   

 

7. How did you find the family based focus of the intervention? 

Prompts: 

• What was the best and worst bits of doing the intervention with your 

mum/dad? 

• Did you find it helpful to have your mum/dad making the changes with you? 

• How do you think it would have felt to be doing the intervention on your own 

compared to doing it with your mum/dad?  

• (if relevant) did your other brothers/sisters/parent make the changes as well?  

 

8. Is there anything else you would like to say that we haven’t covered? 

 

 

Close interview- thank participant for their time. 
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Appendix 5.10 Topic guide for qualitative interviews with parent participants  

Section A: Experiences of study processes  

Each of the following questions will be first asked to the parent participants in relation to 

their own experience, then in relation to their perceptions of the experiences of their 

child(ren)  

9. Could you tell me a bit about how you found out about the study and why you decided 

to take part? 

Prompts:  

• Explore motivation behind their decision to take part 

• Explore the factors influencing their decision to take part- i.e. personal benefit, 

to benefit others, the opinion of others, interest in research  

• Did you find the information provided to you gave all the information you 

needed to know about the study?  

• In what ways do you think your experience could have been improved?  

• What did you enjoy most, and what did you enjoy least, about being part of this 

research?  

 

10. Would you be able to describe your experience of attending the 3 research visits to the 

hospital? 

Prompts: 

• Explore in relation to logistics of getting to hospital, frequency of visits, 

length of visits and how they fitted into their normal daily activities  

• Did you feel you understood the purpose and everything that was going to 

happen at each visit? 

• In what ways do you think your experience could have been improved?  

11. How did you find recording everything you ate or drank on the online INTAKE24 

tool? 

Prompts: 

• Explore in relation to ease of use, time taken to complete, number of days 

asked to record intake 

• What did you like, and what didn’t you like about INTAKE24?  

• Did you find that recording your diet made you change what you ate or drank?  

• How do think the INTAKE24 compares to other methods such as writing 

down everything you eat and drink as you go? 

• In what ways do you think this task could be made more enjoyable or easier?  

 

12. How did you find wearing the physical activity monitors and recording your activity in 

the log book?  

Prompts: 

• Explore in relation to ease of use, time taken to complete logs, number of days 

asked to record activity, experience of wearing the monitors 

• Did you find that recording your activity made you change what/how much 

activity you were doing?  

• In what ways do you think this task could be made more enjoyable or easier?  

Section B: Experiences of the intervention (for those in the intervention group only)   
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Each of the following questions will be first asked to the parent participants in relation to 

their own experience, then in relation to their perceptions of the experiences of their 

child(ren)  

13. Could you tell me about how you found the nutrition and physical activity advice you 

were given?  

Prompts: 

• Perceived ease/difficulty of making changes 

o Explore in relation to each dietary/PA target of the intervention  

• For changes they report not having being able to meet: 

o What made it difficult for you to make this change? 

o Could anything have been done differently to help you make this 

change? 

• For changes they report being able to meet: 

o What made it possible for you to make this change?  

• What was your favourite, and least favourite, of the changes you made?  

• What have been the positives, and negatives, about the changes you have 

made? 

• Do you think you will be sticking with the changes you have made?  

• What do you think could be done to make the advice you were given better?  

 

14. Could you tell me about your experience with the dietetic consultation and the follow 

up emails/phone calls?  

Prompts: 

• How did you find the information you were given- was it useful? Relevant?  

• Did you look at the booklets at home during the 12 week intervention period?  

• Explore phone calls/emails in relation to frequency, usefulness, relevance and 

convenience  

• What were been the positives, and negatives of the dietetic consultation and 

follow ups?  

• What do you think could be done to make the consultation and follow up 

contact better in the future?   

 

15. How did you find the family based focus of the intervention? 

Prompts: 

• What was the best and worst bits of doing the intervention with your child? 

• Do you feel the family based focus of intervention made it easier or harder to 

make the changes? Explore reasons behind answer 

• How do you think it would have felt to be doing the intervention on your own 

compared to doing it with your child?  

• (if relevant) did your other children and/or partner make the changes aswell?  

 

16. Is there anything else you would like to say that we haven’t covered? 

 

 

Close interview- thank participant for their time. 
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Appendix 5.11 Standard operating procedures (SOP) for intake24 data cleaning and 

analysis 

This SOP was created using information provided by the creators of the Intake24 tool at The 

University of Newcastle. They also provided the ‘vlookup’ tool and ‘average portions’ 

document referred to in the data quality check section.  This SOP reflects the recommended 

data quality checks and analysis methods for the data collected using the intake24 tool.  

Step 1: Data quality check 

• Check that recalls are completed properly and no food items in the quick list were missed 

out. E.g. If a participant has written multiple food items on one line of their recall e.g. 

‘toast, cereal, jam, milk, yoghurt’ but had only added one food item (e.g. jam) to their 

recall, add the food items in. If participant just put cereal, use filter to find most popular 

cereal in all recalls and add that as standard.  

• Add in the average portion sizes using the spreadsheet of adult food weights or average 

portion size book 

• Add in the nutrient data for these foods using vlookup 

• Check for any missing foods and add in the recipes and ingredient using information 

provided. If not very much info provided, use standard size portions 

• If missing food has ‘left some’ make sure the ‘portion size’ has this amount subtracted 

and the nutrient data takes this into account 

• Add in the nutrient information for the foods you’ve added via the missing foods 

function. Use vlookup (look up the NDNS code for the added data against the NDNS 

spreadsheet then the number is the column number for that nutrient e.g. protein is in 

column 3 in NDNS spreadsheet. Then False. Then multiply this equation by the portion 

size divided by 100). 

• So equation e.g. for protein (=vlookup(missing food NDNS code, NDNS code in 

spreadsheet bringing in protein,3,false))*portionsize/100 

• Check data for ‘reasonable amounts’. If no (not including things like pizza and drinks 

which are normally OK to be 1000g but come up as ‘no’ for reasonable amount) then 

change the portion size to an average portion size. 

• Remove obvious over and under reporters e.g. if the calorie intake was extremely low 

(under 2000KJ) or high (above 16000KJ)  

• Remove if a recall was completed in a very quick time (<2 minutes) 
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• Remove data from participants who have not got at least three days (1 weekend day and 2 

weekdays) of valid data  

Step 2: Data analysis  

• Pivot tables are to be created to look at the data collected as averages per person and per 

day.  

• Make sure ‘Table/Range’ has all data in the spreadsheet selected and ‘New Worksheet’ is 

selected (it should do this automatically as you’ve highlighted all the data at the start 

• The pivot table has ‘areas’ (rows, columns and values). You can drag a ‘field’ into an 

‘area’ e.g. drag user ID field into ‘Rows’ and Fat field into ‘Values’.  

• Doing this combines every row with the same username into one row, and it summarises 

all the values under the fat column for each row. E.g. the total amount of the fat from all 

the foods demo140 added to their recall is 10.71g.    

• So using this, customise the pivot table with the information you want to know. (KJ, fat, 

SFA, MUFA, PUFA, trans fatty acids, cholesterol and fibre)  

• Select any ‘field’ that you want to group together as ‘Row Labels’. Select ‘User ID’ and 

‘Start time’ and drag these to the ‘Rows field’ to group all data for a single user on a 

particular day. 

• Customise how the fields in the ‘Values’ area are presented so they are a total (sum) 

• Click on the top ribbon where it says ‘Design’. Then click ‘Subtotals’ and select ‘Do not 

Show Subtotals’. After this click on ‘Grand totals’ (to the right of subtotals) and click 

‘Off for Rows and Columns’. 

• Next, click top click ‘Report Layout’ and ‘Show in Tabular Form’. 

• To get rid of the ‘expand/ collapse’ buttons (little buttons with a dash in shown here), 

right click anywhere in the pivot table. Select ‘Pivot table options’ in the totals and filters 

tab – untick show grand totals for rows and columns. In the Display tab untick Show 

expand/collapse buttons. 

• Next, Repeat the item labels by right clicking on the table, clicking ‘field settings’ and 

then ‘Layout and Print’. Tick ‘Repeat Item Labels’.  

• So now you will have the user ID and start time in the ‘Rows’ area, and nutrients in the 

‘Values’ field being summarised as ‘sum’. 

• Copy the pivot table and paste it into a new work sheet (Paste Values and number 

formatting) so that it is no longer a pivot table.  

• Then create another pivot table on this new spreadsheet, following the instructions as 

before 

• This can be used to find out the average nutrient intake for each participant across 

multiple recall days using ‘average of sum of X’ (x=nutrient of interest i.e. fat, SFA, 

MUFA etc.)  

Step 3:  Calculating fruit and vegetable portions 

• On the original excel spreadsheet (which has been quality checked), click on ‘User ID’ 

column and filter to select only one participant 
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• Click on ‘food group code’ and filter to select only the following: 73 (fresh fruit), 74 

(dried fruit), 86 (fruit juices), 67 (baked beans), 69 (peas), 70 (other vegetables) and 114 

(pulses and lentils)  

• Look at each day of intake individually and follow the following instructions to convert 

intakes of these foods (amount eaten tab) into the grams required: 

o Fruits and vegetables- no changes required to be made to the amount consumed 

o Fruit juice: 

▪ Any fruit juice 150mls and over, change to 80g  

▪ If fruit juice less than 150ml then calculate the portion by dividing the 

amount had by 150ml i.e. if 100ml of juice consumed, then 100/150 = 0.67 

of a portion 

▪ Then divide this number by 80, i.e. 0.67 x 80 = 53.6 

▪ Change the original volume to this number 

▪ Daily intake to be capped at one portion (80 g)  

o Pulses and lentils 

▪ Daily intake to be capped at one portion (80g) 

o Dried fruit 

▪ Any dried fruit 30g and over, change to 80g 

▪ If dried fruit less than 30g then calculate the portion by dividing the 

amount had by 30 i.e. if 15g consumed, then 15/30 = 0.50 of a portion 

▪ Then divide this number by 80, i.e. 0.50 x 80 = 40 

▪ Change the original amount to this number 

▪ Daily intake to be capped at one portion (80 g)  

o Add up the new values to produce sum daily intake of fruits and vegetables per 

day (grams)  

o Divide this number by the number of valid days to produce mean daily intake 
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Appendix 5.12 Participant physical activity log-books 

1. How to wear the thigh monitor 

• The thigh monitor or activPAL measures your posture – specifically your sitting, 

standing and sleeping time  

• Wear it continuously for 7 days 

• Put it on your upper right mid-thigh so that the ‘man’ on the device is standing 

upright and facing forwards 

• The thigh monitor is waterproof so you can continue wearing it whilst bathing, 

showering etc. However, please remove if you go swimming.  

 

Note: the monitor will be flashing every 6 seconds. This is an indication that it is 

working. If it stops flashing, contact us immediately and we will provide you with a new 

one. 

2. How to wear the hip monitor 

 

• The hip monitor or Actigraph measures the intensity of your physical activity (light, 

moderate or vigorous activity) 

• It is to be worn for 7 days. However, it should be removed when bathing, 

showering and/or swimming. If you find it uncomfortable to sleep with, you can 

take it off but it is very important that you put it on as soon as you wake up in the 

morning. The monitor should be placed on, or as close to, your waistband as 

possible and rest on your right hip bone. 

• The monitor can be worn either underneath or on 

top of your clothing, just as long as it fits snugly 

around your waistband 

• The monitor will be flashing whilst recording 

data, if it stops flashing please contact us as this 

means it has stopped working and we will need to 

change it 
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3. How to fill in the daily log 

• The log is divided into 7 days. Please complete each day’s questions as accurately as 

possible – record the exact times or to the nearest 5 minutes 

• Use the examples attached on the table as a guide 

• For any further questions please contact us 

 

NOTES: 

• Midnight = 12am; midday = 12pm 

• Sleep and awaking times are very important. 
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What time 
did you 

wake up? 

What time 
did you 
get up? 

Is today a 
work/school 

or non-
work/school 

day? 

What time 
did you start 

and finish 
working? 

Did you exercise 
today? If yes, for 

how long? 
What did you do? 

At what 
time did 
you go to 

bed? 

At what 
time did 
you go to 

sleep? 

Did you 
remove 

the thigh 
device? 

Did you 
remove 
the hip 
device? 

01/04/16 
7:30 

am/pm 

7:40 
am/pm 

Work 
Non-work 

08:30am/p
m 

16:30am/p
m 

5:30 am/pm 
6:30 am/pm 

Went swimming 

11:30 
am/pm 

 
 

11:45 
am/pm 

____ 
am/pm 

____ 
am/pm 

____________ 

 
____ 

am/pm 
____ 

am/pm 
____________ 

Day 1 
___/___/___ 
 
____    
am/pm 

____     
am/pm 

Work/school 
 

Non-
work/school 

____     am/pm 
 
____     am/pm 

____     am/pm 
 

____     am/pm 
 

______________________ 

____     
am/pm 

 
 
____     
am/pm 

____     
am/pm 
 
____     
am/pm 
 
___________ 

____     
am/pm 
 
____     
am/pm 
 
___________ 

Day 2 
___/___/___ 
 
____    
am/pm 

____     
am/pm 

Work/school 
 

Non-
work/school 

____     am/pm 
 
____     am/pm 

____     am/pm 
 

____     am/pm 
 

______________________ 

____     
am/pm 

 
 
____     
am/pm 

____     
am/pm 
 
____     
am/pm 
 
___________ 

____     
am/pm 
 
____     
am/pm 
 
___________ 

Day 3 
___/___/___ 
 
____    
am/pm 

____     
am/pm 

Work/school 
 

Non-
work/school 

____     am/pm 
 
____     am/pm 

____     am/pm 
 

____     am/pm 
 

______________________ 

____     
am/pm 

 
 
____     
am/pm 

____     
am/pm 
 
____     
am/pm____
_______ 

____     
am/pm 
 
____     
am/pm 
___________ 
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Appendix 5.13 Rationale for data processing decisions for Actigraph data 

Despite the wide use of accelerometers in research, there is no universally agreed upon 

approach to collecting and processing the data. It is important to justify any decisions made 

and provide clear details on the decisions made when processing the data as the decisions 

made can significantly impact upon the results, changing the findings of a research study and 

impact upon ability to compare findings across studies. (706-708, 710, 711)  The 

International Children’s Accelerometer Database (ICAD) was a project set up to standardise 

methodology used in research of the physical activity levels of young people aged 3-18 years. 

The raw data from a large number of studies was pooled and processed using a standardised 

set of methods. (753) Where appropriate, the decisions made for the analysis of the data 

collected from young people in this study aimed to match these standardised methods. 

However it was recognised that limitations in these methods exist and (708) no such set of 

methods exists for data collected from adults. (438, 712, 931) Therefore, the research team 

considered evidence from the wider literature and the context in which this study was being 

conducted before coming to a decision. The rationale for each decision taken for the analysis 

in this study is discussed below.  

1. Cut points for classification of physical activity intensity  

 

Interpretation of the output of accelerometers (counts per epoch) is required to estimate the 

time spent in sedentary and different intensities of PA. This is achieved through the 

application of cut-points derived from calibration studies which provide thresholds to define 

the different levels of intensity. (709) A literature review of accelerometers in PA studies 

conducted in cohorts of young people found that in 273 articles there were 12 sets of cut 

points used. (707) The choice of cut-points can significantly impact upon the results of a 

study, with an analysis revealing the proportion of young people meeting PA 

recommendations varies between 1 and 100% depending on which cut-points are applied to 

the data. (708, 932) There is no consensus on the most appropriate cut-points to use in 

research with young people and most have been developed from results from studies that 

either do not meet all the criteria for a true calibritation study or require further validation 

studies. (708, 933) However, a systematic review recommended the use of the Evenson et al 

(2008) (714) cut-points over others, as the validation study from which they were derived 

was the most methodologiucally rigorous. (933) This recommendation is strengthened by the 

findings of the Evenson et al (2008) being found to be most accurate of five sets of cut-points 

in classifying the time children and adolscents aged 5-15 years spent in MVPA, when 
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compared to energy expenditure measured using indirect calorimetry. (715) These are the 

cut-points also used in the ICAD database. (753) Based on this evidence, the Evenson et al 

(2008) cut-points (714) were applied in this study and the thresholds, based on 15 second 

epochs (time periods), are as follows: Sedentary (0 – 25 counts), Light (26-573 counts), 

moderate (574-1002 counts and vigorous (≥1003 counts).  

 

The choice of cut-points has also been found to have significant impact upon the results of 

studies conducted in cohorts of adults, with the proportion meeting PA recommendations 

ranging from 6 to 98% depending on which cut-points are used. (932, 934) These studies 

both stated more research is needed to allow for a recommendation of which cut-point is most 

appropriate. In light of this lack of evidence, the Freedson et al (1998) (713) cut points have 

been selected for use in this study as they are the most widely used in research (706) and 

available on the Actigraph software. The Freedson et al (1998)  thresholds, based on 60 

second epochs (time periods), are as follows: Sedentary (0 – 99 counts), Light (100-1951 

counts), moderate (1952-5724 counts), vigorous (5725-9498 counts) and very vigirous 

((≥9499 counts).  

 

2. Length of EPOCH 

EPOCH length is the time period over which the accelerometer measure units (‘counts’) are 

totalled and can range between 1 second to 60 seconds. Due to small memories of first 

generation monitors, most were limited to 60-second epochs only. (709) However, newer 

monitors such as the ActiGraph GT3X+, are able to record using smaller epochs but as will 

be discussed below, debate remains about the benefit of using shorter epochs.  

 

Data submitted to the ICAD is processed into 60-second epochs, however this is because 

most of the data collected in earlier research was only available in this format. (753)While it 

is possible to process short EPOC lengths into longer ones, you cannot do it the other way 

round. However, using a 60 second epoch, compared to shorter lengths such as 5 and 15 

seconds, has been found to decrease the accuracy of identifying time spend in MVPA in 

several studies including cohorts of children aged 10-11 years, (935) adolescents boys aged 

14 years, (936) girls and boys aged 7-11 and 12-16 (937), and children aged 10-13 years. 

(938) This may be explained by young people, especially children, tending to have a pattern 

of PA characterised by frequent, high intensity bouts of PA. (939) An epoch length of 60 
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seconds may not detect these short duration bouts as the counts would be averaged over a 

minute and may not meet the threshold for MVPA. The aforementioned studies therefore all 

recommended the use of shorter (1, 5 or 15 second) epochs in research conducted in children 

and a recent literature review of 183 studies conducted in young people concluded that 

shorter epoch lengths should be considered in studies in which vigorous activity is of interest. 

(707) The evidence to support the use of shorter epoch lengths when researching adults is 

more limited. While two studies have found that using shorter epoch lengths of 1 and 10 

seconds resulted in higher accuracy, the results are not directly comparable to this study as 

they were conducted in post-menopausal women (940) and young adults aged 18-25 years. 

(941)  

 

As the choice of epoch length will influence the counts per minute, it is arguably more 

important to use the epoch length from which the cut points that will be used to classify the 

PA intensity and weartime periods were derived. (706) To overcome differences, researchers 

often convert activity cut points to match the epoch length they used to collect or analyse the 

data e.g. a sedentary behaviour cut point of 100 counts per 60 sec epoch could be converted 

to 50 counts per 30 second epoch. However this has been found to significantly impact upon 

the classification of PA intensity. (942)  

 

Given the increased accuracy of shorter epoch lengths in classifying MVPA in children and 

adolescents, the capacity of the Actigraph GT3+ used in this study to collect shorter epoch 

lengths and the use of the Evenson et al (2008) cut points for classifying PA intensity, which 

were derived using 15-second epochs, an epoch length of 15 seconds was chosen for the 

analysis of data collected from young people in this study. For the analysis of data collected 

from adults, 60-second epochs will be used. This was decided in light of the lack of evidence 

to support the use of shorter epoch lengths in adults and the use of the Freedson et al (1998) 

cut points to classify PA intensity which were derived using 60-second epochs.  

 

3. Valid day and minimum number of days criteria  

Research teams must decide upon the number of hours of weartime that is required for day to 

be considered valid, and how many of these valid days are required from a participant to be 

included in the analysis. There is a recognised lack of empirical evidence to guide decisions 

regarding these criteria. (706, 707) Increasing the requirements may improve the accuracy 
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and representativeness of an individuals ‘actual’ physical activity levels (706, 707) but has 

been found to decrease the amount of valid data included in the analysis in cohorts of young 

people (943) and adults. (944)  

 

In light of the lack of empirical evidence, the criteria used to define a valid day in this study 

was ≥ 8 hours as this is the criteria found to be most often used in studies conducted in young 

people and is the criteria used by ICAD. (707, 753) A small amount of research has 

investigated how many valid days are required for a reliable estimate of daily MVPA. A 

review of studies conducted in adults found that at least 3 days of monitoring were required 

to obtain a reliable estimate of daily MVPA, however additional valid days increased the 

reliability further. (712) While 3-4 days are the most commonly used criteria in studies 

conducted in cohorts of young people, it has been reported that at least seven days of 

monitoring would be required to produce reliable estimates of daily MVPA. (945) There is 

more evidence to support the need to include both week- and weekend days in the analysis as 

MVPA has been found to vary significantly across days of the week in young people and 

adults. (946) (945) ((706, 707) It was decided that the criteria for this study would be four 

valid days, one of which had to be a weekend day. However, in recognition that the reliability 

of the estimates may increase with additional days, a seven-day monitoring period was 

utilised and all valid days will be included in the analysis.  

 

In recognition of a lack of evidence it has been recommended that researchers test different 

criteria to achieve the best compromise between amount of data included in the analysis and 

the reliability of the data. (706) Therefore the impact of the chosen criteria upon the data 

valid for inclusion in the analysis will be explored in this study to inform the criteria to be 

used in a future trial. If participants are adherent to the protocol, it may be appropriate to 

increase the criteria to increase reliability of the findings.  

 

4. Classifying non-wear time  

Non-wear time is the period of time during which participants are not wearing the 

accelerometer. Distinguishing non-wear time from sedentary time can be problematic as both 

appear in the data as period of consecutive zeros (no counts). (947) 
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A. Use of algorithms 

No standardised approach exists on how to identify non-wear time and a variety of different 

algorithms have been created. While most algorithms detect and delete periods of consecutive 

zeros, they differ on the criteria used to distinguish a non-wear period including the minimum 

length of the period of consecutive zeros (between 20 to 90 minutes). Over estimation of non-

wear time occurs when participants wear the monitor but are very sedentary and therefore 

looks like lot of their day is non-wear. This can result in under-estimation of sedentary time 

and/or the data not meeting the valid criteria and being excluded from the analysis. 

Conversely, over estimation of sedentary time can occur when non-wear time is incorrectly 

classified as sedentary. Both of these outcomes in turn, can also impact upon the minutes 

spent in MVPA and thus the choice of weartime algorithm is important. (783, 943, 947)  

 

Generally, as the minimum length of the consecutive zeros required to be detected as non-

wear increases (from 20 to 90 minutes), the amount of weartime and time spent in sedentary 

behaviours increases, leading to misclassification of MVPA in cohorts of young people (943) 

and adults. (783, 947) Shorter lengths of consecutive zeros can reduce this misclassification 

but have been found to lead to a significant reduction in the number of valid days and thus 

data included in the analysis. (783, 943)  

 

The available evidence recommends the use of non-interrupted consecutive zeros of 20 or 60 

minutes to classify non-wear in young people (784, 948, 949) and 60 minutes in adults.  (706) 

Time spent in sedentary behaviours increases with age (950) and adolescents tend to engage 

in longer periods of sedentary behaviours than young children, leading to an increased 

likelihood of misclassify sedentary time as non-wear time occurring when shorter windows 

such as 30 minutes are used. (784, 943) Therefore, the weartime criteria used in the 

processing of the data in this study was periods of 60 or more minutes of uninterrupted zeros, 

as recommended for children aged 11 years and over. (784) The ICAD database use this 

minimum time criteria, although they allow for 2 minutes of interruptions. (753) Interruptions 

are allowed for in recognition that the monitor might be nudged or moved when not worn, for 

example if on a bedside table. However it was decided not to allow for interruptions in this 

study as recommended by the aforementioned trials and the finding that it can decrease the 

accuracy of weartime classification. (783) 
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B. Participant log books 

It is unlikely that any chosen algorithm will correctly identify all periods of sedentary and 

non-wear time. (784) One way to overcome this is to ask participants to complete logbooks 

while wearing the acclerometer, in which they record periods when they removed the monitor 

and reasons why. Whilst it increases the burden for the research team, and participant, it can 

be used to cross check the periods of non-wear identified by an algorithm. (784, 949) The 

limited evidence avaialbe regarding the use of logbooks in additon to algorithms, has found 

this approach improves the accuracy of weartime classification in children and adolscents, 

(782) but not in adult populations. (783) This difference may be due to children and 

adolescents being more likely to engage with activities for which the monitor has to be 

removed such as swimming and contact sports. (782) Without logbooks these periods could 

be misclassified as non-wear or sedentary time which, as previsoulsy discussed, could impact 

upon time spent in MVPA and the number of days valid for inclusion in the analysis. 

Additionally, treating these periods of physical activity as non-wear has been found to 

significantly alter the physical activity outcomes of research conducted in children and 

adolscents, with lower mean daily MVPA and proportion meeting PA recommendations 

reported. (782)  However, simply replacing these self-reported periods of non-wear due to PA 

with corresponding minutes of MVPA during the data processing is unsuitable as it is too 

simplistic. One hour of self reported swimming unlikely corresponds to 60 minutes of MVPA 

and mixing subjective and objective measures of PA is unsuitable. Unless the participant 

engages in these activities on multiple days, it is unlikely to have a marked effect on the 

mean daily MVPA as 60 minutes of swimming would amount to an average of 9 minutes of 

activity when averaged across the 7 days.  

 

Given the advantage of having an external source to crosscheck the weartime identified using 

the chosen alogirthm and the liklihood of the young person participants in this study 

engaging in PA which will require the removal of the monitor, all participants will be asked 

to complete a logbook during the recording period. However, self-reported PA carried out 

during non-wear time will not be included in the analysis. It will instead be noted during 

analysis and used in the interpretation of the results. The frequency of the occurrence of PA 

during non-wear time per participant and across the sample will be used to inform the future 

trial.  
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5. Use of vertical or multiple axes 

The tri-axial GT3X gives accelerometer data in counts across 3 axes: vertical, anterior-

posterior and medio-lateral. The counts from all three axes can be combined into a vector 

magnitude score (VM), which is the square root of the sum of squares of counts from all 3 

axes. (709, 785) However, many researchers continue to use the counts from the vertical axis 

alone when analysing data. Using data derived from VM compared to vertical axis has been 

found to have significant effect upon the classification of MVPA and in a cohort of pre-

schoolers (951) and elderly women. (785) In both cases, using the VM resulted in less 

sedentary time and increased MVPA as compared to when using the vertical axis only. These 

findings are believed to be due to the ability of the VM to detect movement in the 

longitudinal and lateral axis in addition to the vertical axis. However, other studies conducted 

in adolescents aged 13-16 years found very little difference in the daily MVPA when using 

data from VM and vertical axis. (952) Furthermore, it has been reported that using the VM 

was no more accurate than the vertical axis in predicting energy expenditure in adults aged 

20-60 years (953) or in pre-school children. (954) 

 

The mixed evidence on whether the VM or vertical axis is more accurate is further 

confounded by the use of different cut-offs and epoch lengths used across the studies, 

limiting comparison and ability to conclude which is most appropriate for this study. As the 

cut-points being used for children and adults are based on validation studies using vertical 

axis data, the decision was made to use the vertical axis. Furthermore, when using the 

Actigraph software it is only possible to use to vertical axis counts when applying the chosen 

cut points. As the data acquired from vertical axis of uniaxial and triaxial accelerometers 

have been reported to be similar in controlled (955) and free living conditions (956) it is 

deemed acceptable to use cut points developed using vertical axis data from uniaxial 

Actigraph on data collected with vertical axis from GT3X Actigraph.  
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Appendix 5.14 Standard operating procedure (SOP) for ActiGraph data processing and 

analysis  

1. Actigraph   

Using ActiLife software, follow the following steps.  

Step 1: Export raw data file into 60 (for adults) or 15 (young people) second epochs  

• In ActiGraph Select file→ import/export/convert→ raw to epoch→ GT3X to epoch 

• In window popup: add dataset→ add file→ select GT3X raw file from participant 

o Select: 60 (0r 15 for young people) second epoch length, create AGD file, 3 axis, 

steps and inclinometer (on-waist) 

o Deselect: create CSV, create DAT, LUX 

• Then press ‘export RAW  files’ 

Step 2: Apply wear-time criteria: 

• In ActiGraph, select ‘wear time validation’ tab 

•  Select ‘add dataset’→add file→ select AGD 60 sec AGD file (or the 15 sec AGD file for 

children) 

• On left panel, make sure ‘Troiano 2007’ is selected and the select the ‘custom’ circle and 

for the options under the ‘define a non-wear period’: 

o Choose minimum length: 60 minutes 

o Leave all other boxes unticked and ensure spike tolerance is at 0 minutes 

• For options under ‘optional sreen parameters’  

o Select the minimum wear time per day: 480 minutes 

o Minimum days of valid weartime: 4 

o Minimum weekdays of valid weartime: 2 

o Minimum weekend days of valid wear time: 1  

Step 3: Validating wear time criteria (requires participant log book) 

• Press calculate button  

• In the pop up window ‘validate wear periods and wear sensor data’ 

• Review all blocks of time in bottom table that have been labelled as non-wear and wear 

time, one by one by selected the column in the ‘all periods’ table and reviewing the 

information there and in the graph. Use log book entries to cross check, updating any 

periods of time wrongly classified by selecting the ‘set as wear’ or ‘set as non-wear’. 

Examples: 

o Any periods of time that have been classed as weartime but are outwith the dates 

of recording in the log books- choose the ‘set as non-wear time’. These reflect 

mailing or transport days outwith recording period.  

o Any periods of time that have been classed as weartime but are during sleeping 

hours- choose the ‘set as non-wear time’.  
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o Any periods of time that have been classed as weartime but are during a period of 

time during which participant stated in log book the removed device  

o Any periods of time during waking hours that have been classified as non-

weartime, but participant did not report removing device, are to be classed as 

weartime. Likely sedentary time misclassified.  

o Any short duration periods of time during sleeping hours that have been classified 

as weartime- class as non weartime. Likely that device was accidently moved or 

touched.  

o Any blocks of time unsure of- or participant has not filled in log- then make 

subjective decision and record details of it in the ‘weartime information’ column 

in master database.   

• Press save and close. 

• After you have exited the window, if you want to go back to look at it again then can 

press the ‘details’ box on the dataset line.  

• Underneath the ‘validated data?’ column, the dataset file should now say ‘manual’ with a 

date. 

• Press export and save in participant folder under name ‘weartime data’.  

• Record any information about removal of device in the ‘weartime information’ column in 

the master database i.e. length of time, for what reason and fill in the columns for how 

many times device removed and for length of time 

o This does not include taking off Actigraph monitor for sleeping- record 

information for waking time only.  

Step 4: Scoring data for total time 

• N.B. if participant wore device when sleeping, then please follow the preliminary 

‘sleep scoring’ step outlined at the end of this Appendix, in addition to the points 

below.  

• In the ‘wear time validation’ panel, press the ‘score’ button in the bottom right hand 

corner, ensure the dataset you want to score is ticked.  This will open up the scoring 

panel.  

• Under the algorithms panel on left hand side: 

o Select cut points and MVPA box and ‘Freedson Adult (1998)’ option from drop 

down box for data from adults OR the ‘Evenson children (2008)’ for data from 

young people 

o Select ‘bouts’, ‘sedentary analysis’ boxes 

o Leave ‘energy expenditre’, METs, and HREE unticked 

• Under the filters panel 

o Select the box ‘exclude non wear times from analysis’ 

o Leave subject log diariers unchecked 

o Do not select any filters.  
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• Press calculate button 

• Press export button  

o Export as CSV type 

o Select the following boxes: 

▪ create batch view files with hourly/daily/summary details 

▪ Add summary breakdown 

▪ add daily breakdown 

▪ export data scoring grid to csv.file 

o Create a folder within participant analysis folder to save these files in as the name: 

total participant ID number 2 or 3 dependent on  RC2 or RC3 data) i.e. 

total01001112 

o Ensure the daily detailed csv file is saved as an excel workbook (as oposed to 

CSV file format) before proceeding to step 5. (NB. ‘daily detailed’ only includes 

data for valid days whereas ‘daily totals’ also includes data for non-valid days). 

Step 5: Calculating total days, weekend days and weekday amounts: 

• From ‘totals participant number plus 2 or 3’ (ie totals01001112) file folder, select the 

‘totals01001112_daily details’ excel spreadsheet  

• In column ‘BG’ which is entitled ‘time’- calculate the average of these values to obtain 

average weartime per valid day.  

o Calculate for total days, weekdays and weekend days  

• Calculate the daily average for sedentary, light, moderate, vigorous and MVPA using the 

‘autosum’ function in excel spreadsheet 

o For vigorous- ensure vigorous and very vigorous values are combined before 

averaging (adults only- no very vigorous calculated for young people) 

• Calculate the daily average for weekend days by doing the above, but only including the 

weekend days. It is easiest to copy the numbers and paste below, then delete the weekday 

data. 

• Calculate the daily average for weekday days by doing the above, but only including the 

weekday days. It is easiest to copy the numbers and paste below, then delete the weekend 

data. 

• It will look like this (again make sure very vigorous data been included in vigorous data) 

o in the below example there was no very vigorous so no need to add it together: 
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Step 6: transferring data to master database:  

• All average daily times to be in minutes- do not round numbers at this stage, copy and 

paste values.  

• Complete the relevant fields in the ‘actigraph’ tab of the master analysis spreadsheet 

saved in ‘analysis’ folder using guidance from below 

• From ‘weartime data’ excel spreadsheet: 

o Column T gives number of valid days  

o Column U gives number of valid weekdays 

o Column V gives number of valid weekend days  

• From ‘totals participant number plus 2 or 3’ (ie totals01001112) excel document 

o Insert the calculated values from step 5 

 
Additional  ‘sleep scoring’ step 

• In instances where participant wore monior while sleeping, we need to identify and 

remove sleep times manually, so that sedentary time is not over-estimated.  

• Please refer to instructions below, which use an example as a guide.  

1. Compare the waking and sleeping times identifed from ActivPAL analysis to the self 

reported times from log books 

a) Assess the similarity of these times (i.e. are the majority within 60 min window of each 

other?) and also apply further judgement (i.e. complteness of self reported data from 

participant, pattern of recording (have they block filled it in with the same times?) 

b) Discuss findings with other researcher (AT or FK) and decide upon which times to use 

and ensure justifications are recorded in master database.  
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 Activpal data Log book self reported  

Day wake time Sleep time ‘Get up’ 

time* 

Sleep time 

09/09 06.49 22.35 06.00 23.00 

10/09 06.20 22.18 06.00 23.00 

11/09 06.18 22.56 06.00 23.00 

12/09 06.51 22.43 06.00 23.00 

13/09 08.39 23.11 10.00 23.00 

14/09 10.21 22.21 10.00 23.00 

15/09 08.57 22.24 10.00 23.00 

For the above case, we decided to use the activpal data as it was similar to log book 

times and it seems like participant was not too accurate when completing the diary as 

all the times are similar. 

2. Weartime validation: 

a) Follow the ‘wear time validation’ steps as normal but be aware that it will not be accurate 

as much of the sleep time will be captured as weartime time 

b) Still follow these steps to identify any other times (during day perhaps) that participant 

forgot to wear monitor and the times that monitor was recording outside of specified 

recording times (ie day sent in post) 

3. When following the ‘scoring’ steps, this time add filters (one for each day of recording) 

that will isolate the waking hours 

a) Select ‘add new date/time filter’ and fill in like below ( 

b) Do this for each day of data recorded 

c) Then, before pressing the ‘caculate’ button (after following the other steps in the 

‘scoring’ section in main SOP i.e. ensuring correct cut points and tick boxes selected) 

make sure all the filters are selected.  

d) Continue with scoring as normal  
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Appendix 5.15 Details of activPAL data collection and processing  

As data processing decisions can have substantial the results, researchers are encouraged to 

provide details of the processing methodology. (723, 957) A review of studies using 

activPAL devices in research endorsed the completion of a reporting table, as displayed in 

Table 1.  

Table 1: Reporting table for activPAL data collection and processing (723, 957) 
Item Details  

Monitor version activPAL3 

Rationale for selecting activPAL monitor The intervention aimed to reduce sedentary behaviour 

Which behavioural characteristics were of 

primary interest in making the measurements 

Time spent sitting/lying  

Reliability (inter- and intra- instrument) for 

the device selected 

Interdevice reliability of 0.79 to 0.99 has been reported (721) 

Validity information for the activity estimates 

of interest (e.g. direct measures of predicted 

values)  

Correlation between activPAL and direct observation for 

sitting/lying time was 0.94 in adults. (717) 

 

Perfect correlation (r=1/00) between activPAL and direct 

observation in time spent sitting/lying in children. (722) 

 

Level of agreement between activPAL and direct observation 

was 100% for sitting and 98.1% for standing in adolscents. 

(716) 

Method and location of monitor attachment Device was made waterproof using a nitrile sleeve and a 

waterproof hypoallergenic medical dressing was used to attach 

it to the leg. It was positioned in mid-line of right thigh. 

Paritcipants recived visual demonstration on how to adhere 

device to leg and were provided with written information and 

additional dressings for reattachement is taken off during 

recording period.  

Wear period and number of days 24 h/day for 7 consecutive days 

activPAL software version Version 7.2.29 

Settings used: 
 

-Sampling frequency 20 Hz (default) 

-Minimum sitting period 10 s (default) 

-Minimum upright period 10 s (default) 

Diary data collected and details collected Time woke up, time got up, time went to bed, time went to 

sleep, and any removal times each day (and reasons why) 

Type of file used for data processing Events file (X, Y, Z version) 

Goal for the sampling periods observed (i.e., 

number of hours per day; number and type of 

days); state whether a priori 

A minimum of 10 hours wear time and minimum of 4 days of 

valid data-one of which a weekend day (a priori) 

Method(s) for estimating wearing 

time/removing time in bed/sleep (report in 

sufficient detail so that others can replicate 

the method) 

Validated algorithm (724) to classify non-wear and weartime, 

with quality checks carried out using log books completed by 

participants.  

What quality control checks were 

implemented 

Heat maps, produced by the ProcessingPAL application used, 

(724) of included and excluded data were visually checked. 

Any potential errors were then checked against participant 

logbooks and using subjective judgement, a decision was made 

on whether it was non-wear or wear time.  A second researcher 

independently analysed 10% of the data files to ensure 

consistency in these decisions. Any disagreements were 

discussed before coming to a joint consensus.  

Specify type of action taken when data were 

determined to be invalid 

Invalid data was excluded from the analysis 

Compliance criteria to define a valid day of Day has ≥10 h of worn waking hours, <95% of time spent in 



 

 
 

517 

observation any one behaviour (i.e., sitting, standing, or stepping) and ≥500 

steps 

Number and type of days required to be 

included in final analytic sample 

Four days of valid data, one of which must be a weekend day 

Definition of a day Wake time to sleep time (person orientated)  

Data processing package used and methods 

used to generate key summary variables 

Events files were created using activPAL software Version 

7.2.29 and ProcessingPAL Java application used to process 

data and generate summary variables. (724) 

 
The data processing methods selected in Table 1 were based on the ‘best practice’ in the field 

as recommended in a comprehensive review of activPAL in research. (723) Originally, 

researchers had to manually identify non-wear and sleep periods by visually inspecting the 

data and relying on participants self-reported wake and sleep times from log-books. (723) 

More recently, validated algorithms have become available that can isolate waking wear data, 

such as the one used in this research. (724) However, no method of identifying waking wear 

is considered 100% accurate and it is still recommended that the visual heat-maps and 

participant log-books are analysed alongside the algorithm data to cross-check the results. 

(723, 724) 
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Appendix 5.16 Standard operating procedures for actiPAL data processing and analysis  

• Check website periodically for updated software: https://github.com/UOL-

COLS/ProcessingPAL (software downloads can be accessed from the release tab) 

• All files that will be analysed in the run are to be saved in a single folder called ‘analysis 

workspace folder’. These files should be the .csv data file labelled with ‘Events XYZ’ 

from the participant folders in the database.  

• Rename the files to the participant ID followed by 2 or 3 to indicate baseline data from 

RC2 (2) or endpoint data from RC3 (3). So endpoint data from RC3 from participant 

0100111 would have file name: ‘01001113 EventsXYZ’  

• Follow the following steps: 

 

1. Open ‘Processing PAL’ executable Jar File 

 

2. Adjust screen settings if the content is not fully displayed – load ‘ease of access display 

settings’, under ‘make everything bigger’ and ‘change the size of apps and text on the 

main display’ alter to 100% and reload the software. 

 

3. Ensure ‘workspace folder’ is selected under ‘select data source type’. Select folder where 

files are saved using this button:   

 

4. ID settings: this specifies the number of digits that will be extracted from the file name 

and will be used to name the participant data in the analysis.  

a. All data files to be processed will be the ‘eventsfile XYZ.csv’ file type saved in 

the database.  

b. Each one will have ID number of 8 digits which is their participant ID, followed 

by 2 or 3 to indicate baseline data from RC2 (2) or endpoint data from RC3 (3).  

c. Ensure start index is ‘1’- this identifies the first digit that will be extracted- this 

will always be 1.  

d. Ensure the length of participant ID is ‘8’- this identifies the number of digits that 

will be extracted which will always be 8. 

5. Keep sleep and non-wear settings default: longest bout 300 mins, long bout 120 mins, 

shortest bout 30 mins, check window length 15 mins and maximum number of steps 20.  

 

6. Keep the analysis settings as default, so no options should be selected.  

7. Keep the validation settings as default: maximum % activity in a day 95, minimum 

number of steps in a day 500 and min duration of data in hours in a day 10. 

8. Make sure the tick box is selected next to the participant file(s) you want to process 

9. Click analyse  

10. This creates an excel file which is saved in the specified folder. Open file to check – this 

contains time and date stamped data which is much more user friendly and identifies 

‘bouts’. 

https://github.com/UOL-COLS/ProcessingPAL
https://github.com/UOL-COLS/ProcessingPAL
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a) Rename this saved file as ‘summary’ followed by participant ID and either 2 or 3 

(baseline RC2 or endpoint RC3 data) ie for participant 0100111 data collected at 

endpoint (RC3) the file name would be ‘summary 01001113’  

b) This file labels each bout of behaviour as sleep or awake (0=awake, 1=sleep) and 

whether the bout should be removed from the outputs you generate (remove = 1, not 

remove = 0). 

c) The column ‘Invalid Reason’ tells us why the day is invalid and therefore removed 

from analysis (i.e., calculations of outputs 

 

11. In the software, select the correct participant ID from ‘participant list’ dropdown in the 

top right corner. This should load the data analysed.  

 

12. Check the summary tab – this provides a breakdown of the data. The validation status 

indicates whether the day meets the criteria for a valid day – red = no, green = yes. Also 

provides bouts and duration of activities, and wake up and sleep time  

a) Cross check this with the waking and sleeping times information gathered from log-

book  

b) If substantial differences are evident please proceed to steps 13 and 14.  

 

13. Select the ‘heatmap’ tab 

a) The heat map on the left hand side shows all of the data that the software has 

determined as valid waking wear data and the heat map on the right hand side shows 

all of the data that the software has determined as sleep, non-wear and invalid and 

should therefore be removed from the output calculations 

b) The x axis displays each day of recorded data and the y axis displays the 24 hour time 

period. Red = Sitting time, yellow = standing time, green = stepping time, white, 

sleep or not worn 

c) Viewing your valid and invalid data this way allows you to determine how well the 

settings you have chosen to identify sleep/non-wear/invalid day have worked on your 

dataset 

d) Cross check data with information recorded in the log book  

e) If settings have worked well, and the sleep/non wear/ valid day have been correctly 

identified then please move on to step 15. 

f) If there are several periods in which the data has been incorrectly classified, then 

proceed to step 14 

 

 

 

 

 

 

 

 

 

 

 

 

Here is a worked example of a heat map and corrections made: 
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This heat map shows that on 22nd May no sleep/non-wear was identified and removed 

therefore if the diary reports that the person did go to sleep on 22nd May then the settings 

haven’t been able to identify this sleep so we may choose to correct that data. The diary 

reports that they went to bed at 4am on 22nd May and got up at 10am (and you can see this 

in the data. The data wasn’t removed because there was too much movement during sleep so 

the setting applied did not pick this out) so I want to recode this data as sleep/non-wear. To 

do this I need to identify which bouts of behaviour are at 4am-10am on 22nd May. To do this 

I need to refer to the ‘Summary.csv’ file and find the bout ID numbers that relate to these 

times. In the ‘Summary.csv’ file there is a column labelled ‘Date’ and ‘Start Time’ and ‘End 

Time’. You need to find the date and times that correspond to the data you want to correct. 

Once you have found these you need to note down the bout ID numbers from the column 

‘Bout ID’. You need to find the start and end of the bouts you want to recode and enter these 

‘Bout IDs’ into the ‘Corrections’ tab and then select whether you want to recode those ‘Bout 

IDs’ to sleep or non-sleep’ and the press ‘Add correction’. 

14. Correcting data 

a) Open ‘corrections’ tab 

b) Open the summary file for the participant (generated in step 10) 

c) In the ‘Summary.csv’ file there is a column labelled ‘Date’ and ‘Start Time’ and ‘End 

Time’. You need to find the date and times that correspond to the data you want to correct 

d) Once you have found these you need to note down the bout ID numbers from the column 

‘Bout ID’ 

e) You need to find the start and end of the bouts you want to recode and enter these ‘Bout 

IDs’ into the ‘Corrections’ tab and then select whether you want to recode those ‘Bout 

IDs’ to sleep or non-sleep’ and the press ‘Add correction’ 

f) If you need to add more corrections for that ID number then just select ‘Add correction’. 

Once you have added all the corrections you want to make for that participant click 

‘Update’ to apply the correction’ 

g) This will also save the corrections to the data in the ‘Summary.csv’ file and save the list 

of corrections made in the ‘Bout Corrections.csv’ located in the folder where the software 

is located. 
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h) The ‘BoutCorrections’ excel file in the activPal folder outlines any bout corrections 

programmed into the activPals oftware, and can also be used to add bout corrections 

manually. This file should not be moved from the saved location and the header names 

should not be re-named.  

i) It is essential that the participant code, filename and bout start, end and type fields are 

populated accurately. Every time the specified file is opened any bout corrections 

programmed for that participant will be applied.  

j) Ensure any changes are recorded in master database too 

 

15. Generating outputs 

a) Click on ‘generate outputs’ tab 

b) On left hand boxes:  

a. In ‘time/duration category’ select all boxes 

b. In ‘bouts category’ select all boxes 

c. In ‘total count’ category select all boxes except step candence  

c) In box at bottom select following outputs: main output, weekdays vs weekend  

d) Rename the saved file beginning with ‘all’ to ‘totals’ followed by participant ID and 2 or 

3 (RC2 or RC3). i.e. totals01001113 for endpoint RC3 data from 0100111 

e) Rename the saved file beginning with ‘weekdays’ to ‘weekends’ followed by participant 

ID and 2 or 3 (RC2 or RC3). i.e. ‘weekends 01001113’ for endpoint RC3 data from 

0100111 

f) Save a PDF of the heatmap using the ‘generate heatmap button and save as ‘participant 

ID 2 or 3 heatmap) (2 if RC2 and 3 if RC3) 

 

 

16. Transferring data to database 

a) From totals file: 

i. Inset number of valid days, number of weekdays and number of weekend days 

ii. Insert average weartime (from column titled Waking wear time_Avg) 

iii. Insert average time sitting, standing and stepping (from columns titled Sitting 

time_Avg, Standing time_Avg and Total stepping time_Avg) 

iv. Insert average number of steps from column entitled Number of steps_Avg 

(multiply the value by 2 (value in spreadsheet is for one leg only)  

b) From weekends file: 

i. Insert average weartime and average time sitting, standing and stepping on 

weekdays (from columns titled Weekdays_Sitting_Avg, Weekdays_Standing_Avg, 

Weekdays_Stepping_Avg, weartime average 

1. Round to two decimal places 

ii. Insert average weartime and average time sitting, standing and stepping at 

weekends (from columns titled Weekends_Sitting_Avg, Weekends_Standing_Avg, 

Weekends_Stepping_Avg, weartime average  

1. Round to two decimal places 

c) Also record any reasons for non-valid days that occurred during pre-agreed recording 

period (non-valid days due to monitors recording before start of recording period do not 

need to be accounted for). 
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Appendix 5.17 List of metabolic measures included in metabolomics analysis  
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MRC Integrative Epidemiology Unit, School of Social and Community Medicine, University of Bristol,  

Oakfield House, Oakfield Grove, Clifton Bristol BS8 2BN. 

 
 

Abbreviations, Names and Units of Quantified Metabolic Measures 
 
Lipoprotein Subclasses 
 
Abbreviation Full Name Unit 
XXL-VLDL-P Concentration of chylomicrons and extremely large VLDL particles mol/l 
XXL-VLDL-L Total lipids in chylomicrons and extremely large VLDL  mmol/l 
XXL-VLDL-PL Phospholipids in chylomicrons and extremely large VLDL  mmol/l 
XXL-VLDL-C Total cholesterol in chylomicrons and extremely large VLDL  mmol/l 
XXL-VLDL-CE Cholesterol esters in chylomicrons and extremely large VLDL  mmol/l 
XXL-VLDL-FC Free cholesterol in chylomicrons and extremely large VLDL  mmol/l 
XXL-VLDL-TG Triglycerides in chylomicrons and extremely large VLDL  mmol/l 

 
XL-VLDL-P Concentration of very large VLDL particles mol/l 
XL-VLDL-L Total lipids in very large VLDL  mmol/l 
XL-VLDL-PL Phospholipids in very large VLDL  mmol/l 
XL-VLDL-C Total cholesterol in very large VLDL  mmol/l 
XL-VLDL-CE Cholesterol esters in very large VLDL  mmol/l 
XL-VLDL-FC Free cholesterol in very large VLDL  mmol/l 
XL-VLDL-TG Triglycerides in very large VLDL  mmol/l 

 
L-VLDL-P Concentration of large VLDL particles mol/l 
L-VLDL-L Total lipids in large VLDL  mmol/l 
L-VLDL-PL Phospholipids in large VLDL  mmol/l 
L-VLDL-C Total cholesterol in large VLDL  mmol/l 
L-VLDL-CE Cholesterol esters in large VLDL  mmol/l 
L-VLDL-FC Free cholesterol in large VLDL  mmol/l 
L-VLDL-TG Triglycerides in large VLDL  mmol/l 

 
M-VLDL-P Concentration of medium VLDL particles mol/l 
M-VLDL-L Total lipids in medium VLDL  mmol/l 
M-VLDL-PL Phospholipids in medium VLDL  mmol/l 
M-VLDL-C Total cholesterol in medium VLDL  mmol/l 
M-VLDL-CE Cholesterol esters in medium VLDL  mmol/l 
M-VLDL-FC Free cholesterol in medium VLDL  mmol/l 
M-VLDL-TG Triglycerides in medium VLDL  mmol/l 

 
S-VLDL-P Concentration of small VLDL particles mol/l 
S-VLDL-L Total lipids in small VLDL  mmol/l 
S-VLDL-PL Phospholipids in small VLDL  mmol/l 
S-VLDL-C Total cholesterol in small VLDL  mmol/l 
S-VLDL-CE Cholesterol esters in small VLDL  mmol/l 
S-VLDL-FC Free cholesterol in small VLDL  mmol/l 
S-VLDL-TG Triglycerides in small VLDL  mmol/l 
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MRC Integrative Epidemiology Unit, School of Social and Community Medicine, University of Bristol,  

Oakfield House, Oakfield Grove, Clifton Bristol BS8 2BN. 

 
 

XS-VLDL-P Concentration of very small VLDL particles mol/l 
XS-VLDL-L Total lipids in very small VLDL  mmol/l 
XS-VLDL-PL Phospholipids in very small VLDL  mmol/l 
XS-VLDL-C Total cholesterol in very small VLDL  mmol/l 
XS-VLDL-CE Cholesterol esters in very small VLDL  mmol/l 
XS-VLDL-FC Free cholesterol in very small VLDL  mmol/l 
XS-VLDL-TG Triglycerides in very small VLDL  mmol/l 

 
IDL-P Concentration of LDL particles mol/l 
IDL-L Total lipids in LDL  mmol/l 
IDL-PL Phospholipids in LDL  mmol/l 
IDL-C Total cholesterol in LDL  mmol/l 
IDL-CE Cholesterol esters in LDL  mmol/l 
IDL-FC Free cholesterol in LDL  mmol/l 
IDL-TG Triglycerides in LDL  mmol/l 

 
L-LDL-P Concentration of large LDL particles mol/l 
L-LDL-L Total lipids in large LDL  mmol/l 
L-LDL-PL Phospholipids in large LDL  mmol/l 
L-LDL-C Total cholesterol in large LDL  mmol/l 
L-LDL-CE Cholesterol esters in large LDL  mmol/l 
L-LDL-FC Free cholesterol in large LDL  mmol/l 
L-LDL-TG Triglycerides in large LDL  mmol/l 

 
M-LDL-P Concentration of medium LDL particles mol/l 
M-LDL-L Total lipids in medium LDL  mmol/l 
M-LDL-PL Phospholipids in medium LDL  mmol/l 
M-LDL-C Total cholesterol in medium LDL  mmol/l 
M-LDL-CE Cholesterol esters in medium LDL  mmol/l 
M-LDL-FC Free cholesterol in medium LDL  mmol/l 
M-LDL-TG Triglycerides in medium LDL  mmol/l 

 
S-LDL-P Concentration of small LDL particles mol/l 
S-LDL-L Total lipids in small LDL  mmol/l 
S-LDL-PL Phospholipids in small LDL  mmol/l 
S-LDL-C Total cholesterol in small LDL  mmol/l 
S-LDL-CE Cholesterol esters in small LDL  mmol/l 
S-LDL-FC Free cholesterol in small LDL  mmol/l 
S-LDL-TG Triglycerides in small LDL  mmol/l 

 
XL-HDL-P Concentration of very large HDL particles mol/l 
XL-HDL-L Total lipids in very large HDL  mmol/l 
XL-HDL-PL Phospholipids in very large HDL  mmol/l 
XL-HDL-C Total cholesterol in very large HDL  mmol/l 
XL-HDL-CE Cholesterol esters in very large HDL  mmol/l 
XL-HDL-FC Free cholesterol in very large HDL  mmol/l 
XL-HDL-TG Triglycerides in very large HDL  mmol/l 



 

 
 

524 

 

 
 

 
 

3 of 7 

MRC Integrative Epidemiology Unit, School of Social and Community Medicine, University of Bristol,  

Oakfield House, Oakfield Grove, Clifton Bristol BS8 2BN. 

 
 

 
L-HDL-P Concentration of large HDL particles mol/l 
L-HDL-L Total lipids in large HDL  mmol/l 
L-HDL-PL Phospholipids in large HDL  mmol/l 
L-HDL-C Total cholesterol in large HDL  mmol/l 
L-HDL-CE Cholesterol esters in large HDL  mmol/l 
L-HDL-FC Free cholesterol in large HDL  mmol/l 
L-HDL-TG Triglycerides in large HDL  mmol/l 

 
M-HDL-P Concentration of medium HDL particles mol/l 
M-HDL-L Total lipids in medium HDL  mmol/l 
M-HDL-PL Phospholipids in medium HDL  mmol/l 
M-HDL-C Total cholesterol in medium HDL  mmol/l 
M-HDL-CE Cholesterol esters in medium HDL  mmol/l 
M-HDL-FC Free cholesterol in medium HDL  mmol/l 
M-HDL-TG Triglycerides in medium HDL  mmol/l 

 
S-HDL-P Concentration of small HDL particles mol/l 
S-HDL-L Total lipids in small HDL  mmol/l 
S-HDL-PL Phospholipids in small HDL  mmol/l 
S-HDL-C Total cholesterol in small HDL  mmol/l 
S-HDL-CE Cholesterol esters in small HDL  mmol/l 
S-HDL-FC Free cholesterol in small HDL  mmol/l 
S-HDL-TG Triglycerides in small HDL  mmol/l 

 
XXL-VLDL-PL_% Phospholipids to total lipids ratio in chylomicrons and extremely 

large VLDL  
% 

XXL-VLDL-C_% Total cholesterol to total lipids ratio in chylomicrons and extremely 
large VLDL  

% 

XXL-VLDL-CE_% Cholesterol esters to total lipids ratio in chylomicrons and extremely 
large VLDL  

% 

XXL-VLDL-FC_% Free cholesterol to total lipids ratio in chylomicrons and extremely 
large VLDL  

% 

XXL-VLDL-TG_% Triglycerides to total lipids ratio in chylomicrons and extremely large 
VLDL  

% 

 

XL-VLDL-PL_% Phospholipids to total lipids ratio in very large VLDL  % 
XL-VLDL-C_% Total cholesterol to total lipids ratio in very large VLDL  % 
XL-VLDL-CE_% Cholesterol esters to total lipids ratio in very large VLDL  % 
XL-VLDL-FC_% Free cholesterol to total lipids ratio in very large VLDL  % 
XL-VLDL-TG_% Triglycerides to total lipids ratio in very large VLDL  % 

 

L-VLDL-PL_% Phospholipids to total lipids ratio in large VLDL  % 
L-VLDL-C_% Total cholesterol to total lipids ratio in large VLDL  % 
L-VLDL-CE_% Cholesterol esters to total lipids ratio in large VLDL  % 
L-VLDL-FC_% Free cholesterol to total lipids ratio in large VLDL  % 
L-VLDL-TG_% Triglycerides to total lipids ratio in large VLDL  % 



 

 
 

525 

 

 

 
 

4 of 7 

MRC Integrative Epidemiology Unit, School of Social and Community Medicine, University of Bristol,  

Oakfield House, Oakfield Grove, Clifton Bristol BS8 2BN. 

 
 

 
S-VLDL-PL_% Phospholipids to total lipids ratio in small VLDL  % 
S-VLDL-C_% Total cholesterol to total lipids ratio in small VLDL  % 
S-VLDL-CE_% Cholesterol esters to total lipids ratio in small VLDL  % 
S-VLDL-FC_% Free cholesterol to total lipids ratio in small VLDL  % 
S-VLDL-TG_% Triglycerides to total lipids ratio in small VLDL  % 

 
XS-VLDL-PL_% Phospholipids to total lipids ratio in very small VLDL  % 
XS-VLDL-C_% Total cholesterol to total lipids ratio in very small VLDL  % 
XS-VLDL-CE_% Cholesterol esters to total lipids ratio in very small VLDL  % 
XS-VLDL-FC_% Free cholesterol to total lipids ratio in very small VLDL  % 
XS-VLDL-TG_% Triglycerides to total lipids ratio in very small VLDL  % 

 
IDL-PL_% Phospholipids to total lipids ratio in IDL  % 
IDL-C_% Total cholesterol to total lipids ratio in IDL  % 
IDL-CE_% Cholesterol esters to total lipids ratio in IDL  % 
IDL-FC_% Free cholesterol to total lipids ratio in IDL  % 
IDL-TG_% Triglycerides to total lipids ratio in IDL  % 

 
L-LDL-PL_% Phospholipids to total lipids ratio in large LDL  % 
L-LDL-C_% Total cholesterol to total lipids ratio in large LDL  % 
L-LDL-CE_% Cholesterol esters to total lipids ratio in large LDL  % 
L-LDL-FC_% Free cholesterol to total lipids ratio in large LDL  % 
L-LDL-TG_% Triglycerides to total lipids ratio in large LDL  % 

 
M-LDL-PL_% Phospholipids to total lipids ratio in medium LDL  % 
M-LDL-C_% Total cholesterol to total lipids ratio in medium LDL  % 
M-LDL-CE_% Cholesterol esters to total lipids ratio in medium LDL  % 
M-LDL-FC_% Free cholesterol to total lipids ratio in medium LDL  % 
M-LDL-TG_% Triglycerides to total lipids ratio in medium LDL  % 

 
S-LDL-PL_% Phospholipids to total lipids ratio in small LDL  % 
S-LDL-C_% Total cholesterol to total lipids ratio in small LDL  % 
S-LDL-CE_% Cholesterol esters to total lipids ratio in small LDL  % 
S-LDL-FC_% Free cholesterol to total lipids ratio in small LDL  % 
S-LDL-TG_% Triglycerides to total lipids ratio in small LDL  % 

 
XL-HDL-PL_% Phospholipids to total lipids ratio in very large HDL  % 
XL-HDL-C_% Total cholesterol to total lipids ratio in very large HDL  % 
XL-HDL-CE_% Cholesterol esters to total lipids ratio in very large HDL  % 
XL-HDL-FC_% Free cholesterol to total lipids ratio in very large HDL  % 
XL-HDL-TG_% Triglycerides to total lipids ratio in very large HDL  % 

M-VLDL-PL_% Phospholipids to total lipids ratio in medium VLDL  % 
M-VLDL-C_% Total cholesterol to total lipids ratio in medium VLDL  % 
M-VLDL-CE_% Cholesterol esters to total lipids ratio in medium VLDL  % 
M-VLDL-FC_% Free cholesterol to total lipids ratio in medium VLDL  % 
M-VLDL-TG_% Triglycerides to total lipids ratio in medium VLDL  % 
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L-HDL-PL_% Phospholipids to total lipids ratio in large HDL  % 
L-HDL-C_% Total cholesterol to total lipids ratio in large HDL  % 
L-HDL-CE_% Cholesterol esters to total lipids ratio in large HDL  % 
L-HDL-FC_% Free cholesterol to total lipids ratio in large HDL  % 
L-HDL-TG_% Triglycerides to total lipids ratio in large HDL  % 

 
M-HDL-PL_% Phospholipids to total lipids ratio in medium HDL  % 
M-HDL-C_% Total cholesterol to total lipids ratio in medium HDL  % 
M-HDL-CE_% Cholesterol esters to total lipids ratio in medium HDL  % 
M-HDL-FC_% Free cholesterol to total lipids ratio in medium HDL  % 
M-HDL-TG_% Triglycerides to total lipids ratio in medium HDL  % 

 
S-HDL-PL_% Phospholipids to total lipids ratio in small HDL  % 
S-HDL-C_% Total cholesterol to total lipids ratio in small HDL  % 
S-HDL-CE_% Cholesterol esters to total lipids ratio in small HDL  % 
S-HDL-FC_% Free cholesterol to total lipids ratio in small HDL  % 
S-HDL-TG_% Triglycerides to total lipids ratio in small HDL  % 

 

Lipoprotein Particle Size 
 

VLDL-D Mean diameter for VLDL particles nm 
LDL-D Mean diameter for LDL particles nm 
HDL-D Mean diameter for HDL particles nm 

 

Cholesterol 
 

Serum-C Serum total cholesterol mmol/l 
VLDL-C Total cholesterol in VLDL mmol/l 
Remnant-C Remnant cholesterol (non-HDL, non-LDL -cholesterol) mmol/l 
LDL-C Total cholesterol in LDL mmol/l 
HDL-C Total cholesterol in HDL mmol/l 
HDL2-C Total cholesterol in HDL2 mmol/l 
HDL3-C Total cholesterol in HDL3 mmol/l 
EstC Esterified cholesterol mmol/l 
FreeC Free cholesterol mmol/l 

 

Glycerides and Phospholipids 
 

Serum-TG Serum total triglycerides mmol/l 
VLDL-TG Triglycerides in VLDL mmol/l 
LDL-TG Triglycerides in LDL mmol/l 
HDL-TG Triglycerides in HDL mmol/l 
TotPG Total phosphoglycerides mmol/l 
TG/PG Ratio of triglycerides to phosphoglycerides  
PC Phosphatidylcholine and other cholines mmol/l 
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SM Sphingomyelins mmol/l 
TotCho Total cholines mmol/l 

 
Apolipoproteins 

 
ApoA1 Apolipoprotein A-I g/l 
ApoB Apolipoprotein B g/l 
ApoB/ApoA1 Ratio of apolipoprotein B to apolipoprotein A-I  

 

Fatty Acids and Saturation Measures 
 

TotFA Total fatty acids mmol/l 
DHA 22:6, docosahexaenoic acid mmol/l 
LA 18:2, linoleic acid mmol/l 
FAw3 Omega-3 fatty acids mmol/l 
FAw6 Omega-6 fatty acids mmol/l 
PUFA Polyunsaturated fatty acids mmol/l 
MUFA Monounsaturated fatty acids; 16:1, 18:1 mmol/l 
SFA Saturated fatty acids mmol/l 
UnSat Estimated degree of unsaturation  

 

Fatty Acids (%) 
 

DHA/FA Ratio of 22:6 docosahexaenoic acid to total fatty acids % 
LA/FA Ratio of 18:2 linoleic acid to total fatty acids % 
FAw3/FA Ratio of omega-3 fatty acids to total fatty acids % 
FAw6/FA Ratio of omega-6 fatty acids to total fatty acids % 
PUFA/FA Ratio of polyunsaturated fatty acids to total fatty acids % 
MUFA/FA Ratio of monounsaturated fatty acids to total fatty acids % 
SFA/FA Ratio of saturated fatty acids to total fatty acids % 

 

Glycolysis Related Metabolites 
 

Glc Glucose mmol/l 
Lac Lactate mmol/l 
Pyr Pyruvate* mmol/l 
Cit Citrate mmol/l 
Glol Glycerol* mmol/l 
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Amino Acids 
 

Ala Alanine mmol/l 
Gln Glutamine mmol/l 
Gly Glycine* mmol/l 
His Histidine mmol/l 

 
Branched--‐chain amino acids 

Ile Isoleucine mmol/l 
Leu Leucine mmol/l 
Val Valine mmol/l 

 
Aromatic amino acids 

Phe Phenylalanine mmol/l 
Tyr Tyrosine mmol/l 

 

Ketone Bodies 
 

Ace Acetate mmol/l 
AcAce Acetoacetate mmol/l 
bOHBut 3-hydroxybutyrate mmol/l 

 
Fluid Balance and Inflammation 
 

Crea Creatinine mmol/l 
Alb Albumin signal 

area 
Gp Glycoprotein acetyls, mainly a1-acid glycoprotein mmol/l 

 
 
 
 
 
 
 
 
 
* Not quantifiable for EDTA-plasma samples 
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Appendix 5.18 Additional details of qualitative analysis to determine participant 

acceptability of research methods 

1. Additional details of methodology  

Table 1 displays the initial code book created developed after FK and AS had independently 

coded four transcripts and met to discuss findings (stages 1-2 of thematic analysis) Table 2 

displays the finalised codebook including a description of the data that was captured within 

each code. Most changes were altering the code names to make them more self-explanatory 

to the reader of the data captured within each one. Other changes included:   

• The code ‘positive feedback about intake24’ was discarded as all the data within was 

captured within the codes ‘intake24 was easy to use’ and ‘intake24 prompts are 

helpful’  

• The code ‘taking part in trial would increase awareness of lifestyle’ was merged into 

‘wanted to improve lifestyle’ as this code description captured the data of both codes.   

• The code ‘length of participation in trial’ was discarded as it was not a common 

pattern in the data and the perception of the length of the duration of the trial by the 

participant was still captured within the ‘finding time to take part in the trial’.  

• ‘Recording dietary intake is a chore’ and ‘recording dietary intake took a lot of time’ 

were discarded as the data captured within these codes was also coded to other codes 

that better captured the meaning: ‘difficulty inputting foods into intake24’ and 

‘frustration at intake24’  

• Increased awareness of activity levels and diet was split into ‘more aware of diet’ and 

‘more aware of activity levels’ as felt different and would fit better with the themes as 

separate codes.  

• ‘PA log books are a pain to fill in’ was merged into ‘Difficult to complete PA log 

book times’ as there was only one reference and it was better fitted to this code.  

• ‘Length of trial visits were acceptable’ and ‘questionnaires completion was 

acceptable’ and ‘length of visits were fine’ were discarded as they did not find into a 

specific theme- this feedback has been acknowledged in the discussion though- about 

general overall acceptability of the study.  

The composite codes from which each theme and sub-theme were derived are displayed in 

Table 3. 
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Table 1 Codebook developed after stages 1-2 of thematic analysis 

Code name 

Blood tests not enjoyable 

A lot of travelling to attend visits  

Contribute to research 

Childs interest in taking part in trial 

Did not understand what the trial involved  

Difficult to complete PA logbooks 

Didn’t mind travelling in for the visits  

Flexibility in dates for visits was helpful  

Forgetting to wear hip monitor  

hard finding time to take part in study 

hard to remember what foods eaten 

having visits nearer their home 

hip monitor is inconvenient to wear 

increased awareness of activity levels and diet 

length of participation in study 

length of visits were not too long 

no issues with questionnaires 

not accurate representation of diet 

not right time to take part in study 

PA log books are a pain to fill in 

PA log books took little time to complete 

PA monitors caused no bother 

PA monitors not recording all activity like swimming 

parent said they should take part 

positive feedback for dietary intake tool 

preferred alternatives for recording dietary intake 

prompts on dietary intake tool are useful 

recording dietary intake is a chore 

recording dietary intake took alot of time 

remembering to fill in dietary intake tool 

remembering to fill in PA books 

requesting results of study 

taking part in trial would increase awareness of lifestyle 

thigh monitor plasters sore or itchy 

Thigh monitor good as you just leave it 

To give back for the care they have received 

wanted to improve lifestyle 

To find out if lifestyle improves cholesterol 

Trial will benefit other people with FH 

Option to input foods when they wanted 
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Table 2 Finalised codebook  
Code name Description 

Blood tests not enjoyable Participants reporting they did not enjoy/have good experience with 

getting blood test  

A lot of travelling to attend visits  Accounts of long distances and/or time required to attend trial research 

visits 

Contribute to research Participants stating they wanted to take part in trial to help with scientific 

research 

Childs interest in taking part in trial Parents accounts of their child’s interest in taking part in the trial 

Did not understand what the trial involved  Accounts from participants about uncertainties of what the trial involved 

Didn’t mind travelling in for the visits  Participants reporting they did not mind travelling in to attend trial 

research visits 

Flexibility when arranging visit dates Accounts of the flexibility of dates for research visits  

Forgetting to wear hip monitor  Participants reporting occasions they forgot to wear hip monitor 

Difficult to complete PA logbooks Mentions of difficulties when completing the PA logbooks 

Difficulty inputting foods into intake24 Mentions of difficulties encountered when inputting foods into intake24 

Intake24 options do not match food eaten Lack of options of foods/portion sizes that are representative of the foods 

the participants ate 

Frustration at intake24 Reported frustration/annoyance when inputting foods into intake24 

Hard finding time to take part in trial Accounts of participants trying to find time amongst their other life 

commitments to take part in trial 

Not right time in life to take part in trial Due to circumstances at the time, it is not suitable to take part in trial 

Remembering foods eaten that day  Hard to remember foods eaten throughout the day when inputting details 

into intake24 

Would like to have trial visits nearer home The wish for trial visits closer to their homes 

Hip monitor is inconvenient to wear  Instances in which wearing the hip monitor caused inconvenience and/or 

was irritating to wear 

More aware of their food intake Accounts from participants who were more aware of what they were 

eating during recording period as they were conscious of the difficulty 

entering it into intake24 system 

More aware of their activity levels Accounts from participants who were more aware of what physical 

activity they were doing during recording period 

Intake24 data will not be accurate  Perceptions of participants that the data they put into intake24 would not 

be accurate representation of what they actually are 

Intake24 was easy to use  Accounts from participants who found intake easy and simple to use 

PA logbooks were simple to complete Accounts from participants who found the logbooks easy and simple to 

use 

Did not mind wearing PA monitors Reflections from participants regarding their experiences wearing PA 

monitors in which it caused them no issues 

PA monitors not recording all activity  Instances in which PA monitor had to be removed and therefore activity 

not recorded 

Parent said they (child) should take part in 

trial 

Children’s accounts of their parents saying they should take part in the 

trial 

Preferred alternatives for recording diet Suggestions from participants about other ways to record dietary intake 

that they would prefer to intake24 

Intake24 prompts are helpful Reflections from participants about the prompts on intake24 system 

being useful to help them input foods eaten  

Remembering to fill in intake24 Accounts from participants about struggling to remember to complete 

intake24  

Remembering to fill in PA logbooks Accounts from participants about struggling to remember to complete 

PA logbooks 

Requesting results of trial Participants requesting the results of the trial 

Thigh monitor plasters sore or itchy Participants accounts of the thigh monitor plaster causing irritation to the 

skin 

Thigh monitor easy to wear Thigh monitor was easy to wear  

Thigh monitor noticeable  The thigh monitor was noticeable through clothing 

To give back for the care received from 

hospital 

Participants wanted to take part in trial to give back to the hospital which 

had been treating them 

To find out if lifestyle improves cholesterol Participants wanted to take part in trial to find out the effect of lifestyle 

upon cholesterol levels 

Trial will benefit other people with FH Participants wanted to take part in trial to help other people with FH 

Option to input foods when they wanted Desire for the ability to input foods into intake24 at a time that suited 

participant, rather than all at end of the day 

Wanted to improve lifestyle  Participants wanted to take part in trial to improve their lifestyle  
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Table 3 Themes, sub-themes and their composite codes 

 

2. Analysis results in full  

The results in Chapter 4 were condensed into a tabular format, the full results of the analysis 

are presented below and additional supportive illustrative quotes for each sub-theme and 

theme generated are displayed in Table 4.  

Theme 1: Trial participation decisions   

Participants reported a variety of motivations to take part in the trial. Parents weighed these 

perceived benefits up against the more practical aspects of participation, such as time 

requirements, before coming to their decision to whether they and their child would 

participate or not. This decision-making process has been captured in the three following sub-

themes:  FH community, curiosity, influence of family members, finding time to take part and 

blood tests.       
 

FH community   

The most frequently mentioned factor influencing participants decisions to take part in the 

trial was a sense of FH community. They viewed their participation as a way of advancing 

the research and knowledge of FH, which in turn would benefit others living with FH: ‘It just 

helps everyone out. It’s the kids in my situation, if more information is being put out, the 

better for everyone else.’ (C4,Inter)  However, it was not completely altruistic as they 

Over-arching themes  Sub-themes   Codes theme formed from   

Trial participation decisions    Influence of family 

members  

Parent said they (child) should take part in 

trial; Childs interest in taking part in trial  

FH community     To give back for the care received from 

hospital; Trial will benefit other people with 

FH; Contribute to research  

Curiosity     Requesting results of trial; wanted to 

improve lifestyle; To find out if lifestyle 

improves cholesterol  

Finding time to take 

part     

Hard finding time to take part in trial; 

Flexibility when arranging visit dates; not 

right time in life to take part in trial; Did not 

understand what the trial involved  

Experience of research visits   Travel times 

required   

Would like to have trial visits nearer home; 

A lot of travelling to attend visits  

Blood tests   Blood tests not enjoyable   

Acceptability and accuracy of 

dietary intake recording   

Burden of use    Option to input foods when they wanted; 

Remembering to fill in intake24; Preferred 

alternatives for recording diet; Remembering 

foods eaten that day; More aware of their 

food intake; Intake24 prompts are helpful; 

intake24 was easy to use; Frustration at 

intake24; Intake24 data will not be accurate  

Lack of options   Intake24 data will not be accurate; Intake24 

options do not match food eaten  

Adherence 

to recording  physical activity    

Compatibility with 

lifestyle     

Remembering to fill in PA logbooks; Hip 

monitor is inconvenient to wear; PA 

monitors not recording all activity;   

Thigh monitor easy to wear;   

Thigh monitor noticeable; Difficult to 

complete PA logbooks; PA logbooks were 

simple to complete; Forgetting to wear hip 

monitor  

Reaction to plasters  Thigh monitor plasters sore or itchy   
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recognised that this in turn would benefit themselves and their families: ‘Given that we have 

it and it would be beneficial to the immediate family, wider family and people with FH, then 

we should get involved and help out.’ (P6,Control)  
 

Several adults also wanted to give back to the FH care team who had supported them 

throughout their diagnosis and treatment: ‘I’ve received support and care from the NHS for 

my cholesterol, I just was really keen, if I could do something to show my appreciation of that 

really. (P1,Control)   
 

Curiosity   

Many parents were interesting in obtaining the results of the study, indicating that much of 

their initial motivation for participation in the trial was driven by curiosity. Some were 

interesting in finding out how their, and their child’s, lifestyles compared to the 

recommended guidelines: ‘I would quite like to have some feedback about our results…about 

the amount of physical activity, whether it was enough or not.’ (P1,Control) Others wanted to 

find out the extent to which lifestyle behaviours could improve their management of their 

FH:  ‘I am just keen to see what the outcome is, to be honest, because it is interesting isn’t 

it? Especially when your kid has got it.’ (P9,Inter). It was apparent that the results would go 

on to shape their beliefs of the role of dietary and physical activity in the management of 

their, and their child’s, FH: ‘I was interested to see how much effort was worthwhile with 

trying to change [daughters] lifestyle, and so if I could see that there’s a really good benefit 

from the study, that would give the energy to try and inspire her.’ (P3,Inter)   

The children too were interested in finding out more about what the effects of diet and 

physical were: ‘I thought that it would be interesting to find out a bit more about the effects of 

especially physical activity.’ (C7,Inter) and ‘because I was interested to see if the healthy 

eating would work’ (C4,Inter)   
 

Influence of family members  

Some participants appeared to be taking part in the trial in order to facilitate their family 

members participation. For a few parents their decision appeared to influenced by wanting to 

support their child in something they wanted to do: ‘I didn’t want to force them into it. I 

really felt it had to be the opportunity if they wanted to, so, as soon as she showed interest, 

then I said, “Yes, I’m prepared for that, as well.”’ (P2,Control)  This was also evident in the 

accounts from children: ‘I really wanted to do it, and I asked my mum to do it, and she said 

“yes”, and I was glad.’ (C5,Inter) Equally, parents were often the ones who encouraged their 

children to take part or at least be the ones to start the discussion: ‘My mum told me about 

it…she said she thought it would quite good to do.’ (C10,Control)    
 

Finding time to take part   

Despite their, and their child’s, desire to take part in the trial, some parents talked of their 

uncertainty about committing to the trial due to the commitments it required. These particular 

parents were experiencing additional stresses in their life at the time, such as ill family 

members and new jobs: ‘It was a balance, because it was quite tricky for us to do it with 

my new job, etc. and we live absolutely miles away.’ (P3,Inter) Similarly, in the account from 

the parent who had declined participation in the trial, it was apparent that this decision was 

based on it not being the right time for participation because his daughter had just started a 

new school and he had an irregular work schedule: ‘It’s the time issue for us. The study’s not 

the problem, it’s my lifestyle and [daughter], this time in her life, it’s just not right for her.’ 

(P11,Declined) Often participants stated that their participation had only been possible due to 

the flexibility offered to them by members of the research team when arranging dates for the 

research dates: ‘It was helpful that you were flexible on when we could come in, so we could 
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schedule it for when we were on holiday. Because I couldn’t really take time off work for it, 

really.’ (P10,Control)  The travel time required to attend the three research visits influenced 

participants acceptability of attending the three research visits at the hospital.  For those who 

had to travel long distances, it was viewed as inconvenient and participation in the trial would 

have been easier if they were held closer to where they lived: ‘ That would have made it 

easier, if we were just literally going to our local GP surgery, rather than having to come 

into Bristol.’ (P1,Control) For participants who lived closer, no issues about the travel 

required were raised. Similarly, children who most often were being driven by their parents 

did not view the travel required as problematic. Even for those who raised the issue of travel 

times, they were accepting of this being a necessity for their participation in the trial:  ‘You 

know what it is like trying to get into Bath- it’s a bit of a pain, but that can’t be helped can 

it? On the whole, the actual appointments were no issue at all.’ (P8,Inter)   
 

Blood tests   

The majority of participants did not comment on their experience of the blood 

tests.  However, when asked what was least enjoyable about the study, two children stated it 

had been getting the blood test. Furthermore, one parent stated that the blood test was the 

reason that her other child with FH had refused participation: ‘When I discussed it with [son], 

“I’m not doing it…I’m not having my blood taken”’. (P8,Inter)  
 

Theme 2: Acceptability and accuracy of recording dietary intake  

The acceptability of the online intake24 software was mixed, with many participants 

frustrated at the time and effort it required and the lack of suitable options it offered to 

capture the foods they ate. As a result, participants often had to make compromises and did 

not feel the data they inputted was an accurate representation of their dietary intake. A 

participant’s acceptability of the system, and thus the accuracy of the data captured, was 

influenced by two main groups of factors, described within in the two sub-themes: burden of 

use and lack of options.  
 

Burden of use   

Apart from the desire for it to be available in an app format, most children found 

the intake24 software to be ‘very quick’ (C3,Inter) and ‘simple to use’ (C7,Inter). However, 

the adults tended to experience more problems using the software : ‘It is quite difficult…I 

didn’t find it, personally, very easy to use’. (P8,Inter) This was due to difficulties inputting 

homecooked meals, finding foods, working out portion sizes and the inability to go back on 

the system if they made mistake meaning they would often restart from the beginning. This 

led to frustration as they found it took a long time to complete: ‘it meant I was going to bed 

half an hour later than I wanted to and felt a little bit irritated by it’. (P1,Control)   

Much of the associated burden resulted from the requirement to complete the dietary intake at 

the end of the day: ‘The pressure to get it done that evening, when actually I’m absolutely 

exhausted, still doing work, and then I get into bed and think “oh that. I haven’t done it”, and 

I have to get up again, and actually it’s very easy to then not do it..’. (P3,Inter) Others 

struggled to remember the foods they had eaten throughout the day by the time it came to the 

evening. The prompts provided on the software overcame the burden of remembering foods 

eaten for some participants: ‘The way it prompts you with questions and talks you through the 

day’s food is all good’ (P7,Inter) However, many ended up writing down what they ate 

throughout the day or taking photographs, thus adding to their burden. Accordingly, most 

stated their experience would have been improved if the system had allowed them to log 

the foods throughout the day: ‘I think it would be better if you could log through the day 

because it was quite difficult sometimes to do it all at the end of the day.’ (P5,Inter)   
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Due to the burden experienced, participants often reported completing it the following day or 

would not take as much care when inputting the data, leading to a concern that the data would 

not be accurate: ‘If you went about listing all the ingredients and the quantities, it took a long 

time. Sometimes I would take shortcuts and feel quite dissatisfied, because I’d be thinking, 

“well, that’s not really very accurate”’. (P1,Control) For some participants it influenced 

what they ate: ‘I was probably more conscious with some of the foods I was eating, not 

because of the study but just thinking, “how am I actually going to input some of this stuff”.’ 

(P6,Control)   
 

Lack of options   

Both children and adults experienced frustration at the lack of representative foods available 

on the intake24 system. One individual felt ‘it would’ve been the same kind of thing. There 

wasn’t anything too different’. (C7,Inter) However, most felt that the foods they ended up 

choosing were not an accurate representation of what they had actually eaten: ‘It won’t let 

you put in ‘chicken wrap’. It has to be like a chicken sandwich with mayo, and then you think, 

“well I didn’t really have mayo,”.’ (C8,Inter) The participants who took the time to select the 

‘make your own’ option when there wasn’t a suitable alternative to food they had purchased, 

were also left frustrated at the lack of options as reflected by one participant who attempted to 

recreate the ready-made salad she ate: ‘I couldn’t put anything like sweetcorn, or tomato, or 

cucumber…it is quite difficult’. (P8,Inter)  Those in the intervention group struggled to find 

the additional foods they were having as part of the intervention, choosing unsuitable 

alternative options: ‘It didn’t have the plant style drinks on there. I think I had to pick a 

Yakult or something instead’. (P5,Inter) Participants felt their experience would have been 

easier if more foods were available on the system: ‘I think just trying to add more foods on 

there, so it’s easier.’ (C4,Inter)   
 

In addition to a lack of suitable food choices, many felt that the portion sizes did not reflect 

their true intake: ‘I ate half a watermelon and it didn’t give me the option, it just said the 

biggest was, like, a third.’ (C1,Control)   

   

Theme 3: Adherence to recording physical activity   

The acceptability of wearing the two physical activity monitors and completing the logbooks 

was high, with only minor grievances mentioned when prompted. However, within 

these accounts there were several common factors that may have important implications upon 

adherence in a larger scale trial, captured in two sub-themes: Compatibility with 

lifestyle and skin reactions.    
 

Compatibility with lifestyle  

Wearing the two monitors was generally very well accepted, viewed as ‘not intrusive at all’ 

(C4,Inter) and ‘no problem whatsoever’ (P2,Control). Particularly the thing monitor which 

participants could put on and leave for the whole recording period: ‘It was one of those things 

you have it on, it’s just there, and you don’t really notice it’s there.’ (C4,Inter) It was easy to 

wear under clothes and participants did not feel self-conscious about wearing it. The was one 

exception to this, from a young girl who found that the thigh monitor was noticeable in the 

clothes she wore: ‘Because I know you think, “oh, the thigh’s a good place”, but I like 

wearing ripped jeans, and it always happens where the rip was where the thing was.’ 

(C8,Inter)    
 

The hip monitor had to removed for showering and sleeping which led to some participants 

forgetting to put it back on: ‘The waistband was hard to remember to put on…there were two 

days I forgot to put it on.’ (P3,Inter) It was also viewed as being inconvenient to wear in 
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certain situations, such as during sports, driving or when wearing certain clothes. This was 

due to its size, position on the hip and the length of the straps on the waistband: ‘It had too 

much string, and I was like, “what do I even do with this?”, because then it’s just flapping 

around.’ (C2,Control) Children also tended to be self-conscious of wearing the hip device, as 

unlike the thigh monitor it couldn’t be hidden and they would often be asked questions: ‘I 

thought they were fine, but it was my friends saying, “what are they?”, all the time.’ 

(C4,Inter) Most participants viewed these as minor inconveniences which could be overcome 

by repositioning the monitor, cutting the straps or just an acceptance that it was something 

which was ‘a bit annoying, but I’m fine it with it’ (C5,Inter) However, it led to the removal of 

the device for some children and adults:  

 

‘I did take it off one night because I was going out and it didn’t really look great underneath 

my dress.’ (P9,Inter)   
 

‘…they’re really visible so it’s quite hard to hide it, where no one can ask questions. Some 

days, when I was at dance, I would just take it off to stop people asking what it is’ (C8,Inter)  
 

The noticeability of the monitors led some participants to being particularly conscious of 

their activity during the recording periods, with some admitting that it motivated them to do 

more: ‘We couldn’t help it, we put them on and felt, “right, I want to do something active 

today”, the monitors definitely did that.’ (P7,Inter)   
 

The participants did not perceive the logbooks to be particularly burdensome to complete, 

they often found it hard to remember to fill them in daily and would often fill out several days 

later. Many also struggled to record the exact time they went to sleep and were concerned 

they had not been filling them out correctly: ‘I don’t know what time I fall asleep. I’d 

estimate it’s about an hour after I go to bed…I don’t know how valuable that one 

is.’(P2,Control). This was particularly true for participants who didn’t have a set routine due 

to shift work or those who were filling it out on the behalf of younger children. One 

participant felt frustration that the logbooks did not capture enough information to reflect the 

intensity of her physical activity that was not recorded by the monitors which were required 

to be taken off for swimming: ‘They were fine, apart from swimming. I did write it down, but 

I didn’t write down the exact sets, and we did an especially hard set on one night’ (C7,Inter)   

 
 

Skin reactions  

A sub-group of the children experienced a skin reaction to the plaster, or waterproof dressing, 

used to attach the thigh monitor to their leg. In their accounts it appeared to be viewed as a 

minor inconvenience: ‘It kind of made me have an initial red rash but I just moved it and it 

was fine.’ (C6,Control) Some parents attributed this reaction to the children playing with the 

plaster: ‘I think she might be a bit of a picker, so she changed it a few times and that probably 

might have aggravated her leg a little bit.’ (P9,Inter) Regardless of the exact cause of the 

reaction, it clearly impacted upon a child’s experience of the trial:  ‘When, I took it off, it like, 

left a red mark and it hurt.’ (C9,Inter)   
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Table 4 Additional illustrative quotes for each identified theme and sub-theme 
Over-arching 

themes 

Sub-

themes  

Quotes   

Trial 

participation 

decisions  

Influence 

of family 

members 

This was also evident in the accounts from children: ‘I really wanted to do it, and I 

asked my mum to do it, and she said “yes”, and I was glad.’ (C5,Inter) 

‘[daughter] was on board with it, so that helped’ (P9,Inter) 

I didn’t respond to it initially, because my children were not that interested, but, 

when at lipid clinic it was raised again, my daughter said, “I’ll have a go for that.” 

I was totally bowled back, to be honest. I thought, “Gosh that’s great. She’s 

showing the interest.”  I was there with her, but I didn’t want to force them into it. 

I really felt it had to be the opportunity if they wanted to. (P2,Control) 

FH 

communit

y 

‘It just helps everyone out. It’s the kids in my situation, if more information is 

being put out, the better for everyone else.’ (C4,Inter) 

‘I’ve received support and care from the NHS for my cholesterol, I just was really 

keen, if I could do something to show my appreciation of that really. (P1,Control) 

‘I suppose we did it because we both have FH and thought that if we could help 

with improving knowledge about it, then that was a good thing for us and 

everybody else who’s got it.’ (P10,Control) 

‘well, receiving extraordinary care from the lipid specialists…it seemed a good 

thing to be involved in.’ (P7,Inter)  

‘…there doesn’t seem to be much out there for the exercise and diet things. I 

thought it was quite important to do that.’ (P5,Inter) 

Curiosity    ‘I would quite like to have some feedback about the physical activity, whether it 

was enough or not.’ (P1,Control) 

‘I am just keen to see what the outcome is, to be honest, because it is interesting 

isn’t it? Especially when your kid has got it.’ (P9,Inter).  

‘I was interested to see how much effort was worthwhile with trying to change 

[daughters] lifestyle, and so if I could see that there’s a really good benefit from 

the study, that would give the energy to try and inspire her.’ (P3,Inter)  

‘I thought that it would be interesting to find out a bit more about the effects of 

especially physical activity.’ (C7,Inter) 

‘I had kind of lost faith that actually diet and exercise does actually bring it down, 

and actually I just needed a medicine, and so I really wanted to see whether 

something a bit more controlled would actually change my cholesterol, to motivate 

me to be good for the rest of my life.’ (P3,Inter) 

Finding 

time to 

take part  

‘You know what it is like trying to get into Bath- it’s a bit of a pain, but that can’t 

be helped can it?’(P8,Inter) 

‘I was very grateful for your flexibility’ (P3,Inter) 

‘The flexibility is so important because we had to change appointments for 

different work things…it makes it much easier for people to go along with it and 

commit, having that flexibility. That’s crucial.’ (P2,Control) 

‘It was a bit of a trek to the hospital but that’s fine because we live in the 

countryside and everything’s far away’ (C3,Inter) 

Blood 

tests  

Interviewer: what was the worst part about taking part? ‘Getting blood 

taken’(Y6,Control) 

Interviewer: what did you enjoy least about taking part? To be honest, I think it 

was just the blood test. (C3,Inter) 

Acceptability 

and 

accuracy of 

dietary 

intake 

recording  

Burden of 

use   

‘The pressure to get it done that evening, when actually I’m absolutely exhausted, 

still doing work, and then I get into bed and think “oh that. I haven’t done it”, and 

I have to get up again, and actually it’s very easy to then not do it..’. (P3,Inter) 

‘I think it would be better if you could log through the day because it was quite 

difficult sometimes to do it all at the end of the day.’ (P5,Inter) 

‘it meant I was going to bed half an hour later than I wanted to and felt a little bit 

irritated by it’. (P1,Control) 

‘The way it prompts you with questions and talks you through the day’s food is all 

good’ (P7,Inter) 

‘The requirement to sit down at the end of the day and do it was absolutely fine, 

but I think it comprised the accuracy of what I put in on it.’ (P8,Inter)  

 ‘Because I was doing it at the end of the day, I think I was more tired so I would 

just pick an option that looked like it, but wasn’t even slightly what it was.’ 
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(P5,Inter) 

‘Everytime I ate something, I photographed it which I think [daughter] did a bit. 

Because it was quite difficult at the end of the day, remembering when you had 

food and what you’d had.’ (P10,Control) 

‘With the mugs and glasses, it’s very difficult to look at the size from the angle of 

the photograph…I don’t think it was accurate’. (P2,Control) 

‘I think it was a really good website, deffo. It was quite simple to use.’ (C7,Inter) 

‘it’s a bit of a challenge each day to have to do that, or four days, or whatever’. 

(C1,Control) 

‘I think it was annoying personally, how you had to put in all your food and then 

you had to wait for the end to go through everything’. (C2,Control) 

‘Yes I am glad it was only four days. It was a bit of a pain, to be honest’. 

(P10,Control)  

‘I thought that was really helpful because if you forget that, then it reminds you, 

very good.’ (C3,Inter) 

‘I would actually have liked it in an app form, rather than a website. It would’ve 

been easier on an app’. (C2,Control)  

Lack of 

options  

‘it would’ve been the same kind of thing. There wasn’t anything too different’. 

(C7,Inter) 

‘It didn’t have the plant style drinks on there. I think I had to pick a Yakult or 

something instead’. (P5,Inter) 

‘I couldn’t put anything like sweetcorn, or tomato…it is quite difficult’. (P8,Inter)  

‘some of it was a bit annoying to record, like if it didn’t know a food you had to go 

really in depth with it.’ (C4,Inter)  

‘Some of the photographs of the foods were disgusting. They were just nothing like 

what I’d actually consumed.’ (P1,Control)  

 

Adherence 

to recording 

physical 

activity  

Compatib

ility with 

lifestyle  

‘It was one of those things you have it on, it’s just there, and you don’t really 

notice it’s there.’ (C4,Inter) 

‘It had too much string, and I was like, “what do I even do with this?”, because 

then it’s just flapping around.’ (C2,Control) 

‘…they’re really visible so it’s quite hard to hide it, where no one can ask 

questions. Some days, when I was at dance, I would just take it off to stop people 

asking what it is’ (Y8,Inter) 

‘I did take it off one night because I was going out and it didn’t really look great 

underneath my dress.’ (P9,Inter)  

‘They were fine, apart from swimming. I did write it down, but I didn’t write down 

the exact sets, and we did an especially hard set on one night’ (C7,Inter) 

‘That was the least trouble of all of it, actually, having the monitors. I didn’t mind 

those’ (P1,Control)  

‘I’m not sure whether I gave enough information about them, but that was 

relatively quick to do those.’ (P1,Control)  

‘They were fine. I think sometimes when I go to bed, by the time I go to sleep, that 

might be a little bit odd, trying to work out how long it takes me to go to sleep 

sometimes.’ (P5,Inter)  

‘I found it hard to know when I went to sleep. And yes, if I forgot to keep track of 

something, it was quite hard to try and remember about the time.’ (C10,Control)  

‘It was just annoying…we couldn’t cut the escess strap, but it was fine.’ 

(C6,Control)  

Reaction 

to 

plasters 

‘When, I took it off, it like, left a red mark and it hurt.’ (C9,Inter) 

‘I think she might be a bit of a picker… might have aggravated her leg a little bit.’ 

(P9,Inter) 

‘The thigh one, if I itched it a bit, it would go a bit red, but it wasn’t painful or 

anything.’ (C10,Control)  

‘It kind of made me have an initial red rash but I just moved it and it was fine.’ 

(C6,Control) 
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Appendix 5.19 Additional details of qualitative analysis to explore participant 

acceptability of intervention  

1. Additional details of methodology  

When FK and AS had independently coded four transcripts and met to discuss findings, AS 

had identified five extra codes. Therefore, AS open coded one further transcript, but found no 

new additional codes. Table 1 displays the finalised codebook, including a description of the 

data that was captured within each code, created after this discussion. FK coded all 

transcripts using this codebook. The composite codes from which each theme and sub-theme 

were derived are displayed in Table 2. 

Table 1 Finalised codebook  
 

Code name  Description   

Acceptability of 

phone calls  

The acceptability of conducting the follow up sessions over the telephone  

Acted as a 

reminder   

The information provided in the intervention acted to 

remind participants of information they had received before  

Alternative food 

choices   

The role of alternative food choices to substitute in place of foods 

participants used to eat   

Arranged physical 

activity    

The role of arranged physical activity such as gym classes or sports clubs 

in physical activity participation   

Availability of food   How the availability of food affects intake of food and dietary choices made  

Balancing with other 

commitments  

Participants accounts of difficulties faced when making changes to their, or 

their child’s, dietary intakes or physical activity levels because of other 

commitments such as work or needs of other children  

Habituation 

of dietary changes   

Some dietary changes became habituated and integrated in participants everyday 

routine  

Benefits 

experienced  

Any benefit the participant reported experiencing that they attributed to their 

participation in the intervention  

Trying new foods   The new foods tried as a result of receiving the intervention    

Changes made to 

dietary intakes  

Any changes participant has made to their, or their child’s, dietary intakes as a 

result of receiving the intervention   

Changes made to 

physical activity   

Any changes participant has made to their, or their child’s, physical activity levels 

as a result of receiving the intervention  

Changes to lifestyles 

of family   

Accounts of how the dietary intake and/or physical activity levels of family 

members of the participants has changed following participant receiving 

intervention   

Children involved in 

making 

decisions about diet   

Parents accounts of how their children became involved in making decisions 

about foods to eat as a result of receiving the intervention   

Communication of 

information   

Perceptions and feedback about how the information in the intervention was 

communicated by the dietitian   

Concern about 

weight  

Thoughts about not being able to maintain a healthy weight while adhering to 

the intervention dietary recommendations   

Cost of food  The influence of the cost of food for participants   

Use of booklets at 

home  

The use of the booklets, given to participants as part of the intervention, at 

home between follow up sessions. This includes references to the use of the 

reflection diaries  

Difficulty 

continuing with 

changes   

Concerns expressed by participants about their ability to maintain with the 

changes made to their, or their child’s, dietary intake or physical activity levels 

now the intervention has finished   

Follow 

up sessions  renewed 

motivation  

Follow up sessions provided additional motivation to continue with making the 

changes  
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Follow 

up sessions needed 

to ask questions  

Follow up sessions offered opportunity for participants to ask any 

questions arising since previous session  

Food likes and 

dislikes  

The influence of participants food likes and dislikes when making changes to the 

dietary intakes  

Found changes easy 

to make  

Accounts of changes to dietary intakes or physical activity that participant found 

easy to make  

Found changes hard 

to make  

Accounts of changes to dietary intakes or physical activity that participant found 

hard to make  

Getting child on 

board   

Parents descriptions of encouraging child to agree to make changes   

Goal setting  Participants accounts of the goal setting aspect of the trial  

Changes in routine   How changes to routine, such as school holidays, influenced a participants ability 

to maintain  with their, or their child’s, changes to dietary intakes and physical 

activity levels   

Information easy to 

understand  

The information received as part of the intervention was considered easy to 

understand  

Intention to continue 

with changes  

Intention to continue with the changes the participant made to their dietary intakes 

and/or physical activity levels after the intervention had finished   

Intervention 

provided motivation  

Receiving the intervention provided motivation for participant to make and/or 

maintain changes to their dietary intakes and/or physical activity levels  

Involvement of 

parent or child   

Descriptions of the positive influence of doing intervention with their parent or 

child had upon making changes to dietary intakes and/or physical activity levels  

Learnt new 

information  

The information provided during the  intervention was new to participant  

More aware 

of role of lifestyle in 

managing FH  

Participants more aware of the role of dietary intakes and physical activity levels 

in the management of their FH  

Motivation 

required for physical 

activity   

Acknowledgement from participants about the need for self-motivation needed to 

make changes to their physical activity levels   

Planning and 

organisation needed  

The planning and organisation (e.g. Food shopping) that is required to 

enable changes to dietary intakes and/or physical activity to be made  

Small changes  Participants accounts of interventions approach to changing dietary intakes and 

physical activity levels through small, stepwise changes  

Support of other 

family members  

How the support of other family members (who did not receive the intervention) 

is helpful for some participants to facilitate changes to their diet and/or physical 

activity   

Time required  The time required by participants to make changes to their, or their child’s, 

dietary intakes and/or physical activity levels   

Weather impacts 

physical activity   

The influence of weather conditions upon partaking in physical activity   
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Themes  Sub-themes  Composite codes  

Acceptability in 

principle   

Clarity of knowledge   Communication of information; follow 

up sessions needed to ask questions; information 

easy to understand; learnt new information  

Shift in attitude   Small changes; goal setting; more aware of role of 

lifestyle in managing FH  

Motivation   Intervention provided motivation; Follow 

up sessions renewed motivation; acted as reminder  

Acceptability and 

feasibility in practice   

Family support  Support of other family members; children involved 

in making decisions about diet; involvement of 

parent or child; changes to lifestyles of family  

Personal preferences    Alternative food choices; trying new foods; getting 

child on board; changes made to dietary intakes; 

food likes and dislikes; arranged physical activity; 

changes made to physical activity; weather impacts 

physical activity; motivation required for physical 

activity   

Integrating into everyday 

life  

Balancing with other commitments; use of booklets 

at home; planning and organisation needed; 

availability of food; time required; acceptability of 

phone calls  

Maintenance of changes  Intention to continue with changes; concern about 

weight; changes in routine; benefits experienced; 

habituation of dietary changes; cost of foods;  

 

 

2. Additional results 

The results of the analysis were presented in full in the results section of chapter 4, however 

additional supportive illustrative quotes for each theme and sub-theme are displayed in Table 

3. 
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Table 3 Additional supportive illustrative quotes for the themes and sub-themes  

Themes  Sub-themes  Quotes   

Acceptability 

in principle   

Clarity of 

knowledge   

I was quite shocked that the [physical activity] recommendations for an adult and a child were so different.’ (P5,Inter) 

‘Without the knowledge, you just don’t know do you sometimes? It is just knowing; it is having a little bit of understanding.’ (P9,Inter)  

‘They pointed you in the right direction, especially if I had any questions that I thought about between the phone calls, I would just ask them on the 

phone.’ (C4,Inter)   

‘It was useful. I am glad we had the extra information, because I did learn things I didn’t know, and it reminded me about things I’d forgotten.’ 

(P10,Control) 

 ‘if I had any questions that I thought about, between the phone calls, I would just ask them on the phone call.’ (C4,Inter) 

‘it’s useful to speak to you and to get the recipes and get ideas and different things that we can have so that was really useful.’ (P5,Inter) 

‘From the nutrition side, we learnt things we didn’t know about. We didn’t know about the stanols evidence and things, so that was really interesting 

to find out about.’ (P2,Control) 

‘Yes, definitely useful. There were things I didn’t know about shellfish, about prawns and things. I knew about eggs but again, the guidelines seem to 

change all the time.’ (P5,Inter) 

‘very useful and helpful, it helps me choose what’s good and what’s bad.’ (C6,Control)  

‘Because my mum was saying she thinks certain foods are not good for you but actually, you’re saying they’re really good for you.’ (C8,Inter) 

Shift in 

attitude   

‘I found it was effective to do a couple of things at once and then when you phoned again you highlighted some things about changes I hadn’t made 

and then that enabled me to do those next, having embedded those first couple.’ (P3,Inter)   

‘I think having an alternative to it and quite sort of goal driven, Following a little routine that is easier than just “do more exercise”’. (P7,Inter)  

‘Like you didn’t  have to just set some crazy thing you wouldn’t be going to do, it was just setting it to your lifestyle. It was useful.’ (C2,Control) 

‘I thought the goals were good because I could focus down on a couple of things, it wasn’t as broad as “stop eating sugary things”, it was like “after 

school, don’t do this”.’ (C7,Inter) 

‘I’m definitely much more aware [of importance of following lifestyle guidelines].’ (C3,Inter) 

‘I knew food affected you, but I didn’t known to that extreme if you know what I mean?’ (C4,Inter) 

Motivation   ‘So, that helps, knowing that someone is just keeping an eye. It is a bit of motivation, isn’t it?’ (P9,Inter)   

‘It’s just like if no-one’s telling you what you have to change, then it’s harder to think about it’ (C8,Inter)  

it made me quite mindful of it for a couple of weeks’ (P1,Control)  

‘It’s more in the forefront of my mind going, “oh you’ve got to do this”.’ (C3,Inter) 

‘yes I think just checking in every now and then, just reminding us why we’re doing this and what we’re doing it for, is very good.’ (C3,Inter) 

‘I think if we’d not had any contact, it might have been difficult possibly to keep on track so yes I think it was really useful to have that contact over 

the 12 weeks.’ (P5,Inter) 

‘Towards the end they didn’t feel so useful because we’d already done the changes and actually we don’t really need it.’ (P3,Inter) 

Acceptability 

and 

feasibility in 

practice   

 

 

Personal 

preferences  

  

 ‘I’ve really liked the reduced fat cheese, it is really nice, so I definitely want to continue with that.’ (C3,Inter) 

‘I really enjoyed the rice cakes. Now I’m having them, they’re really nice.’ (C8,Inter)  

‘I would never have bought brown bread in the shops and now she loves it.’ (P9,Inter)  

‘Well I found it easy to avoid fatty meats and stuff, because I generally don’t eat meat…but cake and stuff, that was a bit harder.’ (C3,Inter)   

‘I like healthy food. So it’s not necessarily like making someone who hates green stuff eat green stuff.’ (C2,Control) 

‘That’s a barrier, the whole, “shall i buy this? What if they don’t like it?” sort of thing, it’s wasteful isn’t it.?’ (P9,Inter) 
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Acceptability 

and 

feasibility in 

practice   

Family  

involvement  

'But the fact that she was in it, and she was also interested in doing it, was very easy. It makes it easier.' (C4,Inter)  

 ‘it also enables her to go, “mummy is that cheese” so yes, it was a two way support, and she supports me too.’. (P3,Inter) 

‘it was useful to be able to make it a shared experience, so I could involve her in choices about what we’re going to eat, and also get her cooking 

some stuffy with that in mind.’ (P3,Inter) 

‘I couldn’t forget about it because she would remind me, which is useful, and I’m sure with younger kids also, that’s quite useful doing it with their 

parents, because, yes, they’d probably forget.’ (C2,Control) 

‘I think just the conscious effort of doing it together, that we’re both reminding ourselves if we forgot, where you just went for some cheese, we’d go, 

“I’ll have the reduced version”. It was like, “okay, thanks for reminding me”.’ (C3,Inter) 

‘I don’t think I could have done it without my mum.’ (C5,Inter) 

‘It felt like a project that we were doing together. So it was a good thing.’ (P7,Inter) 

Integrating 

into 

everyday 

life  

‘I filled in a couple of those [reflection diaries] and I am not sure how great [daughter] was at it.’ (P9,Inter)  

‘they are sat there under my pile of other really important stuff I’m supposed to read and I haven’t either’. (P3,Inter)  

‘So the barriers are having a full time job and three young children and the feeling like you really want to go out and do some exercise with your 

daughter but you know that means not tucking your kids into bed when they’ve just got back and they’re going to have missed you all day.’ 

(P3,Inter)  

‘I liked the phone calls because it’s quick and easy, just one and done, and I could just do it anywhere.’ (C4,Inter) 

 ‘I make sure to book myself into a class…I know I’ve got to go because otherwise I’ll be charged.’ (P5,Inter)  

‘if the cupboard is full of good stuff, I’ll eat good stuff, and if it’s full of rubbish, I’ll eat that.’ (P7,Inter)  

‘no they are sat there under my pile of other really important stud I’m supposed to read and I haven’t either.’ (P3,Inter) 

 ‘It take more effort and that’s the big thing I guess, when you don’t have much time and you don’t necessarily want to spend that time being 

healthy.’ (C2,Control) 

 ‘in the run-up to Christmas, when you have meals out, that’s when  sticking to the changes has been most shaky.’ (P7,Inter) 

Maintenance 

of changes  

‘I’ve done it for so long now…there’s just no point going back if I’ve already done it, I’m far more used to it now.’ (C4,Inter)   

‘…cake and stuff, that was a bit harder’ (C7,Inter) 

‘The chocolate biscuits at the beginning were extremely hard…if I wanted chocolate and I was hungry I used to eat those, but now I just end up 

filling that gap with toast, like wholemeal toast’. (C4,Inter)  

 ‘I think because she attends lots of clubs…we have to pay for them, that is our routine’. (P5,Inter)  

‘Most of the stuff that we’ve bought, especially the butter, that will stay, I think, and the wholegrain pasta and things. There’s no point in changing 

back.’ (C7,Inter)  

‘It is one of those things. I’ve done it for so long now…there is no point going back if I’ve already done it, far more used to it.’ (C4,Inter)  

‘I’ve joined some more clubs, and I’m definitely trying to be more active at home. Instead of sitting down, I’ll be standing up and moving about.’ 

(C3,Inter)  

‘So moving forward, it’s trying to make that balance to be able to do the things that I know enable me to maintain a healthy weight, versus having 

the yogurt in order to put the linseeds in.’ (P3,Inter) 
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Appendix 5.20 Supplementary analysis of secondary outcome measures  

Table 1 Mean daily intakes of nutrients targeted by the intervention at baseline and endpoint assessments for control and intervention groups and 

a comparison of the differences between groups at the endpoint assessment unadjusted and adjusted for baseline values* 

  
Children Adults 

Nutrient  Group N Baseline  N 
Endpoi

nt 

Endpoint 

difference 

(95% CI) 

N 

Adujsted 

difference

† 

(95% CI) 

N Baseline N Endpoint 

Endpoint 

difference 

(95% CI) 

N 

Adujsted 

difference† 

(95% CI) 

Energy  

(KJ) 

Intervention 9 7991 

(1665) 

9 7130 

(1662) 
32  

(-1717 to 

1780) 

9 
707  

(-668 to 

2082) 

8 6424  

(1219) 

8 7044  

(2129) 
-302 

(-2496 to 

1893) 

8 
-126  

(-2414 to 

2162) 
Control  1

0 

7010 

(1422) 

9 7098 

(1843) 

8 9 7155  

(1829) 

8 7346 

(1960) 

8 

Protein  

(%TEI) 

Intervention 9 
15.2 (3.9) 

9 15.8 

(3.4) 1.9  

(-0.9 to 4.6) 

9 
2.1 

 (-0.6 to 

4.8) 

8 16.5  (3.1) 8 17.2 (3.6) 

1.5  

 (1-.8 to 3.8) 

8 

1.0  

(-1.8 to 3.8) Control  1

0 

16.8 (4.2) 9 13.9 

(0.6) 

8 9 15.6 (2.8) 8 15.7 (2.5) 8 

Carbohydrate   

(%TEI) 

Intervention 9 51.7 (7.2) 9 55.7 

(4.9) 3.5  

(-1.4 to 8.3) 

9 
2.9   

(-1.6 to 

7.5) 

8 40.1 (8.2) 8 43.3 (4.0) 

-4.6  

(-10.4 to 1.3) 

8 

-2.9 

(-7.1 to 1.2) Control  1

0 

49.2 (4.6) 9 52.2 

(4.7) 

8 9 43.9 (7.5) 8 47.8 (6.6) 8 

Alcohol  

(%TEI) 

Intervention  8 7.9 (7.1) 8 8.4 (5.4) 3.5 (-2.0 to 

9.1) 

8 4.1 (0.02 to 

8.1) Control  9 8.4 (5.8) 8 4.9 (4.9) 8 
TEI, total energy intake; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fats; SD, standard deviation; CI, confidence interval 

*All data has been included, the ‘N’ columns indicate the number of participants included in each estimated group mean value and estimated mean differences between groups  

†Adjusted for baseline values, this estimate includes only participants for whom paired baseline and endpoint data was collected indicated in the ’N’ column



 

 
 

545 

Table 2 Objectively measured median daily time spent in light physical activity at baseline and endpoint assessments and the median change between these 

timepoints within the control and intervention groups for children and adults*† 

 Children Adults 

Outcome Group N 

Baseline 

median 

(range) 

N 

Endpoint 

median 

(range 

N 
Median change 

(range)
‡
 

N 
Baseline 

median (range) 
N 

Endpoint median 

(range) 
N 

Median change 

(range)
‡
 

Daily light 

physical 

activity 

(minutes) 

Intervention 10 
204.2 

(176.1 to 

244.8) 

10 
191.4 (150.3 

to 227.1) 
10 

-17.1  

(-36.8 to -3.2) 
8 

274.7  

(243.1 to 339.4) 
8 

258.9 

 (213.2 to 342.9) 
8 

9.0  

(-129.2 to 58.1) 

Control 10 
199.4 (168.7 

to 264.4) 
8 

146.6  

(119.6 to 

179.2) 

6 
-32.6  

(-59.3 to 11.1) 
8 

273.2  

(226.8 to 327.8) 
8 

285.8  

(210.9 to 331.4) 
7 

6.4  

(-112.1 to 104.6) 

 CI, confidence interval,  SD, standard deviation, MVPA, moderate and vigorous physical activity; PA, physical activity
* All data has been included, the ‘N’ columns indicate the number of participants included in each estimated group 

median/mean value and estimated median within group changes from baseline to endpoint or mean difference of endpoint means unadjusted and adjusted for baseline values † Ranges are presented due to small sample s 

 
 

 

Table 3 Number of children and adults meeting lifestyle targets before and after the intervention period  
 

Lifestyle target Group 
Children  Adults 

N Baseline Endpoint N Baseline  Endpoint 

Dietary fat ≤ 30% total energy intake 

 

Intervention 9 4 7 8 3 3 

Control 10 3 2n=9 9 2 3n=8 

Saturated fat ≤ 10% total energy intake 

 

Intervention 9 2 5 8 4 6 

Control 10 2 2n=9 9 4 4n=8 

Cholesterol intakes ≤ 300mg per day Intervention 9 8 9 8 7 8 

Control  10 8 8n=9 9 9 7n=8 

Age appropriate daily fibre intakes Intervention 9 1 6 8 0 1 

Control 10 0 1 9 2 1n=8 

Five portions of fruit & vegetables per day Intervention 9 1 3 8 2 4 

Control 10 0 0n=9 9 4 0n=8 

Plant stanol or sterol intakes of 2g per day  Intervention 10 10 10 8 8 7 

Control 12 0 0 9 0 0 

≥60 minutes of MVPA (young people) or 

≥150 minutes of MVPA per week (adults) 

Intervention 10 2 0 8 7 7 

Control 10 0 0n=8 8 6 8 
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Appendix 5.21 Knowledge and beliefs questionnaire for children  
For the following questions, please tick the circle of the answer you most agree with. You can write down 
any other thoughts in the boxes if you would like to. Don’t worry if you don’t know the answers- just 
tick the ‘not sure’ circle.  You can complete this questionnaire with your mum, dad or guardian if you 
would like to.  
1a.  When you have attended your lipid clinic appointments at the hospital, has anyone ever 
spoken to you about the role of diet in the treatment of your FH? Such as your doctor, a nurse or a 

dietitian. 
Yes               No                       Not sure 

1b. Please use the box below to write down any more information:  
 
 
2a. Would you like to receive any more information about the role of diet in the treatment of 

your FH?  
Yes          No              Not sure  

2b. Please use the box below to write down any more information: 
 
 
3. How many servings of fruit and vegetables per day are people with FH advised to eat? 
 
1                           2    3  4 5 or more  not sure            
          

 
4. Please fill in the spaces in the following sentence using one of these two words:  

Unsaturated  Saturated 
People with FH are recommended to eat less __________________ fats and swap them for 

________________fats. Or if you are unsure tick here 

5. Which of these foods are high in saturated fats? (Circle all the foods you think are high in 
saturated fats)       
 Bacon                   Sunflower oil   Butter  Coconut oil                 Nuts  
  Salmon         Avocados          Cheese  Pastries      Sausages            Vegetable oil 
margarine 
6. Are the following cooking fats/oils recommended for use by people with FH? (Tick one circle 
per food) 
   Recommended    Not recommended                Not sure  
Coconut oil  
    
Rapeseed oil 
 
Sunflower oil 
 
Butter  
 
Olive oil 
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7. Do the following foods contain high or low amounts of dietary cholesterol? (Tick one circle per 

food)      High in cholesterol   Low in cholesterol    Not sure 
Nuts 

Sunflower oil 
Prawns 
Liver 

Butter  

Eggs 

 

8. Do you think these foods are typically high or low in fibre? (tick one circle per food)  
        High in fibre Low in fibre  Not sure  
Bananas 

White rice 

Potatoes with skin 

Sweetcorn 

Lentils 

Eggs 

 

9a. Has anyone ever spoken to you about eating plant sterol or stanol containing foods, such as 
yogurts or margarines, for the treatment of your FH?        Yes
  No     Not sure 
9b. If yes, please write down what you remember being told: 
 
  
 
10. Is there anything that makes it difficult for you to eat a healthy diet? Please write in the box 
below:  
 
 
 
11. Is there anything that makes it easier for you to eat a healthy diet? Please write in the box 
below: 
 
 
12a.   When you have attended your lipid clinic appointments at the hospital, has anyone ever 
spoken to you about the role of physical activity in the treatment of your FH? Such as your 
doctor, a nurse or a dietitian.  
 

Yes            No                        Not sure 
 

12b. Please use the box below to write down any more information:  
 
 
 
13a. Would you like to receive any more information about the role of physical activity the 

treatment of your FH?  
Yes          No              Not sure  

 
13b. Please use the box below to write down any more information: 
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14. How many minutes each day do you think you should you do physical activities that make 
your heart beat   faster and make you breathe faster?  Examples are walking fast, running, 
cycling or active play? 

  
 

10 minutes     20 minutes    30 minutes           60 minutes  
15. Is there anything that makes it difficult for you to take part in physical activities every day?  
 

 
 
For the next questions, please tick the circle on each line that best describes how you feel. If you don’t 
know please tick the ‘I do not know’ circle. Don’t spend long on each question. Remember there are 
no right or wrong answers. 
1. My illness is a serious condition  

 
 
   
 

2. The negative effects of my FH can be prevented (avoided) by treatment with medication 
 
 
 
 

 
3. The negative effects of my FH can be prevented (avoided) by treatment with a healthy diet 

 
 
 
 

 4. Eating a healthy diet can help prevent the negative effects of my FH, but only when I am also 
taking medication 

 
 
 
 

 
5. Eating a healthy diet most of the time over the next three months would be 

 
6. I intend to eat a healthy diet most of the time over the next three months  

 
 
 
 

5a. 

5b. 
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10a. 

10b
. 

 
7a. My FH influences my decisions about what foods I cook and eat 

7b. Use the box below to give any more details: 
  
 
The next questions ask about physical activities. Physical activities are any activities that make 
your heart beat faster and make you breathe faster like walking fast, running, active play, P.E. 
lessons at school, gymnastics and swimming.  
8. The negative effects of my FH can be prevented (avoided) by treatment with physical activity  
 

9. Physical activity can help prevent the negative effects of my FH, but only when I am also 
taking medication  

 
10. Doing physical activities for at least 60 minutes a day over the next three months would be 

11. I intend to take part in physical activities for at least 60 minutes every day over the next 
three months  
 

12a. My FH influences my decisions about how many physical activities I take part in 

12b. Use the box below to give any more details:  
 
 
13. Please use the space below to write down any other comments you may have about your experiences or 
thoughts about the foods you eat or physical activities that you do. This can be related to your FH or not. 
 
 



 

 

 

 

  




