Open access

Original research

BM) Open Reducing cardiovascular disease risk
among families with familial
hypercholesterolaemia by improving
diet and physical activity: a randomised
controlled feasibility trial

To cite: Kinnear FJ,

Lithander FE, Searle A, et al.
Reducing cardiovascular disease
risk among families with

familial hypercholesterolaemia
by improving diet and physical
activity: a randomised controlled
feasibility trial. BMJ Open
2020;10:6044200. doi:10.1136/
bmjopen-2020-044200

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2020-
044200).

Received 31 August 2020
Revised 13 November 2020
Accepted 07 December 2020

| '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY.
Published by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Fiona Jane Kinnear;
fiona.kinnear@bristol.ac.uk

Fiona Jane Kinnear
Christina Wei,® David J Stensel
Julian P H Shield'?

ABSTRACT

Objective Familial hypercholesterolaemia (FH) elevates
low-density lipoprotein cholesterol (LDL-C) and increases
cardiovascular disease (CVD) risk. This study aimed

to provide evidence for the feasibility of conducting a
randomised controlled trial to evaluate the efficacy of an
intervention designed to improve diet and physical activity
in families with FH.

Design A parallel, randomised, waitlist-controlled,
feasibility pilot trial.

Setting Three outpatient lipid clinics in the UK.
Participants Families that comprised children (aged
10-18 years) and their parent with genetically diagnosed
FH.

Intervention Families were randomised to either 12-
week usual care or intervention. The behavioural change
intervention aimed to improve dietary, physical activity
and sedentary behaviours. It was delivered to families by
dietitians initially via a single face-to-face session and
then by four telephone or email follow-up sessions.
Outcome measures Feasibility was assessed via
measures related to recruitment, retention and
intervention fidelity. Postintervention qualitative interviews
were conducted to explore intervention acceptability.
Behavioural (dietary intake, physical activity and sedentary
time) and clinical (blood pressure, body composition

and blood lipids) outcomes were collected at baseline

and endpoint assessments to evaluate the intervention’s
potential benefit.

Results Twenty-one families (38% of those approached)
were recruited which comprised 22 children and 17 adults
with FH, and 97% of families completed the study. The
intervention was implemented with high fidelity and the
qualitative data revealed it was well accepted. Between-
group differences at the endpoint assessment were
indicative of the intervention’s potential for improving

diet in children and adults. Evidence for potential benefits
on physical activity and sedentary behaviours was less
apparent. However, the intervention was associated with
improvements in several CVD risk factors including LDL-C,
with a within-group mean decrease of 8% (children) and
10% (adults).
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Strengths and limitations of this study

» This is the first study to assess the feasibility and
acceptability of delivering a behaviour change in-
tervention, which aims to enable attainment of the
dietary and physical activity treatment recommen-
dations, to families affected by familial hypercholes-
terolaemia (FH).

» The quantitative and qualitative measures employed
in this multicentred randomised controlled trial have
provided evidence of the feasibility and acceptabili-
ty of conducting a future, adequately powered trial,
subject to identified refinements.

» An adequately powered randomised controlled
trial is required to formally evaluate the effective-
ness of the intervention on behavioural and clinical
outcomes.

» The sample comprised mostly highly educated white
European participants and the findings may not be
generalisable to all individuals living with FH.

Conclusions The study’s recruitment, retention,
acceptability and potential efficacy support the
development of a definitive trial, subject to identified
refinements.

Trial registration number ISRCTN24880714.

INTRODUCTION

Familial hypercholesterolaemia (FH) is a
genetic disease characterised by elevated
levels of low-density lipoprotein cholesterol
(LDL-C) from birth.! The disease confers
an 18-fold increased risk of cardiovascular
disease (CVD), accounting for 1 in every 17
CVD cases worldwide.® The heterozygous
genotype of FH affects 1 in 311 individuals
globally. Pharmacological treatment signifi-
cantly reduces LDL-C, and thus CVD risk,
especially when initiated in childhood.”
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However, CVD risk remains elevated and its onset and
severity vary substantially.*”

Environmental factors, including lifestyle
behaviours, may explain some of the variance in CVD
risk,6 mediated via LDL-C reductions additive to that
attained by pharmacological treatment or effects on
other CVD risk factors.”® Both pathways are important
as LDL-C treatment goals are often not achieved,’ and
hypertension, type 2 diabetes mellitus and obesity
are independently associated with CVD risk among
adults with FH.” Accordingly, adjuvant to pharmaco-
logical therapy, clinical guidelines recommend indi-
viduals with FH should be encouraged to be physically
active, maintain a healthy weight and consume a
healthy diet.'” There is no evidence from randomised
controlled trials (RCTs) demonstrating the effective-
ness of these recommendations on CVD risk in indi-
viduals with FH.'' *

A previous RCT sought to address this evidence gap,"
but the intervention was implemented with poor fidelity
and failed to significantly improve dietary or physical
activity behaviours.'* Less than half of children and adults
with FH adhere to dietary and physical activity treatment
recommendations,15 16 \ith several factors identified
as barriers including the asymptomatic nature prior to
onset of CVD and the perception that it is unnecessary
when also taking medication.'” In order to explore the
true effects of diet and physical activity on CVD risk, it is
essential that interventions can successfully change these
behaviours. Given the high prevalence of FH, any inter-
vention must also be feasible to implement within the
time and resource constraints of health services."” There-
fore, we previously developed a pragmatic behaviour
change intervention specifically designed to address the
determinants of dietary and physical activity behaviours
among individuals with FH."® As the inheritance pattern
of FH means all affected children will have one affected
parent, it was delivered to families.

According to the Medical Research Council (UK)
guidance," healthcare interventions should undergo
feasibility testing prior to evaluation in a full-scale RCT.
Therefore, this trial aimed to provide evidence for the
feasibility and acceptability of conducting a future,
adequately powered RCT and identify any refinements to
the RCT design or intervention required. The six objec-
tives were to:

1. Assess the feasibility of recruiting, randomising and re-
taining families with FH.

2. Evaluate the feasibility of collecting valid outcome
measures.

3. Assess the feasibility of implementing the intervention
with sufficient fidelity.

4. Explore the participant acceptability of the interven-
tion.

5. Explore the potential effectiveness of the intervention
on behavioural and clinical outcomes.

6. Estimate the sample size required to adequately power

a future RCT.

METHODS

The study protocol is published,” and a Consolidated
Standards of Reporting Trials checklist®' is displayed in
online supplemental file 1.

Trial design and setting

The study was a parallel, two-arm, randomised, controlled,
feasibility pilot trial®® comparing a diet and physical
activity intervention against usual care waitlist control
among families living with FH. It was conducted across
three National Health Service (NHS) Foundation Trust
sites in England, UK.

Participants

The study aimed to recruit families that comprised child
aged 10-18 years and their parent, both with a genetic
diagnosis of FH and established on their current treat-
ment (lifestyle and/or pharmacological) regimen
=l month. Families could comprise multiple affected
children and non-affected parents or carers in instances
in which affected parents were unwilling, unable or inel-
igible to participate. If this was not possible, children
could participate without parental involvement.

Recruitment and randomisation

All eligible children receiving care from outpatient lipid
clinics at the study sites were invited to participate, along
with their parent, via invitation letters and/or when
attending routine clinic appointments. Written informed
consent (or assent and parental consent for children
under 16 years old) was obtained from all participants.
After baseline data collection, families were randomised
to receive usual care and waitlist control or the interven-
tion on a 1:1 basis, stratified by study site. This was carried
out by a database manager using pre-prepared, password-
protected, randomised lists. It was not possible to blind
participants or research staff to the randomisation.

Sample size

As this was a feasibility study, a formal sample size calcu-
lation was not required.”’ The recruitment of 24 families,
based on the local number of eligible families, was deemed
to be large enough to address the study objectives.

Intervention

The development and content of the behaviour change
intervention are described in detail elsewhere'® and in
online supplemental file 2. In brief, the intervention
aimed to enable individuals to reduce dietary intakes of
total fat, saturated fat and cholesterol; increase intakes
of unsaturated fats, fibre, fruits, vegetables and plant
stanol or sterolfortified foods; and reduce sedentary
behaviour and increase physical activity. The behaviour
change wheel, which brings together 19 different theo-
ries of behaviour change,23 was applied to the findings of
a qualitative evidence synthesis to identify the determi-
nants of treatment behaviours."” Twenty-six behavioural
change techniques (BCTs) were then incorporated into
the intervention to target these.”® The intervention was
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delivered to families by one of two dietitians as an initial
1-hour face-to-face session and four email or telephone
follow-up sessions over a 12-week intervention period.
The dietitians received comprehensive manuals which
detailed the content and BCTs to be delivered to families
at each session (online supplemental file 2).

Comparator (waitlist, usual care control)

Families 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, which comprised an
annual outpatient lipid clinic appointment. Adults, but
not children, in both groups had previously received
dietetic counselling on FH diagnosis as part of usual care.
No participant received any further dietetic advice during
the trial control period.

Pharmacological treatment

Participants in both groups were instructed to continue
with their prescribed pharmacological treatment, if appli-
cable. Any selfreported changes to medication were
documented and validated through confirmation from
medical records.

Outcome measures

Feasibility outcomes (study objectives 1-3)

Recruitment, randomisation and retention rates were
collected for families, as the study aimed to recruit chil-
dren and their parent. Checklists completed by dietitians
after each intervention session were analysed to produce
outcomes related to the dose (number and duration of
sessions delivered) and fidelity (inclusion of prespecified
content sections and BCTS) of the intervention delivered
to each family.** Dietitians documented any adaptations
made to the intervention. The proportion of participants
from whom valid outcome measures were collected was
used to assess the feasibility of obtaining these measures.
While outcome measures were collected from all adults,
data are only analysed and presented for adults affected
with FH.

Acceptability outcomes (study objective 4)

After study completion, 10 families took part in face-to-
face or telephone qualitative interviews to explore the
acceptability of the intervention. Purposive sampling
was employed to yield maximum variation within this
subsample. The sample included four families from the
control group who were interviewed after they received
the intervention on study completion. All interviews were
conducted by FJK and were audio recorded and tran-
scribed wverbatim.

Behavioural and clinical outcomes (study objectives 5 and 6)

It was not appropriate to test the effectiveness hypoth-
esis, as the study was not sufficiently powered to do s0.%
However, all outcome measures to be assessed in a future
trial were measured and the potential effectiveness of the
intervention on behavioural (diet, physical activity and
sedentary behaviours) and clinical (selected CVD risk

factors and quality of life (QoL)) outcomes was explored.
Clinical outcomes were measured by the research team at
baseline and endpoint assessment visits before and after
the 12-week intervention or control period. Behavioural
outcomes were measured in the week preceding these
visits. A summary is provided below, with full details else-
where® and in online supplemental file 3.

Participants recorded their dietary intake on four non-
consecutive days (including oneweekend day) using
Intake24, a validated online 24-hour recall tool.” *’
At least 3days were required for analysis and data were
analysed to produce outcome measures related to the
intervention dietary targets. Participants wore two accel-
erometers (ActiGraph GT3X+ and activPAL3) for seven
consecutive days to measure moderate and vigorous
physical activity (MVPA) and time spent being sedentary
during waking hours. At least four valid days (including
oneweekend day) were required for analysis.

Height was measured using a stadiometer and weight
(kg), body fat (%) and fatfree mass (kg) using bioelec-
trical impedance scales (Tanita MC-780MA). Atsites where
this equipment was unavailable, weight was measured
using medical scales. Body mass index (BMI) was deter-
mined from the height and weight measurements and
systolic and diastolic blood pressures were measured
using automated oscillometric devices (Dinamap, V100).
Health-related quality of life (HRQoL) was measured in
children using a Pediatric Quality of Life Inventory and in
adults using the EuroQol Group EQ-5D-3L health ques-
tionnaires.”™ * Fasted blood samples were collected to
measure total cholesterol, triglyceride and high-density
lipoprotein cholesterol using standard methodology and
reagents on local NHS laboratory autoanalysers (details
in online supplemental file 3). LDL-C was estimated
using the Friedewald equation.” The results of lipidomic
analyses will be reported in the future due to the closure
of the relevant metabolomics laboratory because of the
coronavirus.

Data analysis

Feasibility outcomes were analysed descriptively and the
qualitative outcomes analysed using the six stages of
thematic analysis described by Braun and Clarke.” The
analysis of the behavioural and clinical outcomes was
carried out separately for children and adults. For para-
metric outcomes, the baseline and endpoint measures for
intervention and control groups were summarised with
means and SDs. The endpoint means in the intervention
and control groups were compared with and without
adjustment for the baseline values using regression
analysis,”® and their differences reported with 95% Cls.
For non-parametric outcomes, baseline and endpoint
measures and within-group pre-to-post changes for inter-
vention and control groups were summarised by median
and range. To maximise the power of the models, all valid
data collected at baseline and endpoint assessments were
included in the analyses.

Kinnear FJ, et al. BMJ Open 2020;10:€044200. doi:10.1136/bmjopen-2020-044200


https://dx.doi.org/10.1136/bmjopen-2020-044200
https://dx.doi.org/10.1136/bmjopen-2020-044200
https://dx.doi.org/10.1136/bmjopen-2020-044200

Screening Screened for eligibility
(n=66 families)

Excluded (n=10 families)
+ Child <10 years old (n=10)

A

A\ 4

Enrolment Assessed for eligibility
(n=56 families)

Excluded (n=35 families)

+ No response (n=16)

+ Could not arrange dates within
recruitment period (n=4)

A

"1 ¢ Declined (n=15)

+ Lack of time (n=9)

¢ Child had school exams (n=4)
«+ Felt already had a healthy
lifestyle (n=2)

Randomised (n=21 families)

—

|

v

Allocated and received intervention (n=10) [ Allocation Allocated to control (n=11)

v

+ Parent-child dyad with FH (n=8)
+ FH child and unaffected parent dyad (n=2)

!

+ 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)

1

l

Lost to follow-up (n=0) Follow-Up Lost to follow-up (n=1)
N —

v

+ FH child without parent, could not attend
endpoint visit as moved city to attend university

'

Endpoint outcomes measures collected (n=10) Assessment Endpoint outcome measures collected (n=10)

Qualitative interview data collected (n=6)

Qualitative interview data collected (n=4)

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) diagram of recruitment of families across the three sites. FH,

familial hypercholesterolaemia.

Patient involvement

As detailed in the protocol,” patients with FH under the
care of the University Hospitals Bristol NHS Foundation
Trust participated in the development work underpin-
ning this research. They gave feedback about the initial
design of the intervention and data collection methods.

RESULTS

Recruitment, randomisation and retention (study objective 1)
Recruitment took place between August 2018 and
December 2019 and ceased due to study timelines.
Recruitment to the trial was 38% of eligible families, with
21 of the target 24 families recruited, 18 (86%) of which
comprised a child and their parent with FH (figure 1). All
families were successfully randomised and retention was
high at 97%. The baseline characteristics of the partici-
pants (with FH) are displayed in table 1.

Collection of clinical and behavioural outcome measures
(study objective 2)

All families who completed the study attended all research
visits, although one child was unable to accompany his/
her parent to the endpoint assessment. Clinical outcome
measures were collected from all other participants, with

the exception of body composition, due to unavailability
of the required equipment at two of the three sites, and
blood lipid profile, due to needle phobia (n=2; children),
nurse unavailability (n=3; 2 child, 1 adult) and unsuc-
cessful venepuncture (n=2; 1 child, 1 adult). All adults
selected the maximum values in the HRQoL question-
naires and due to this ceiling effect, the data were not
analysed. Valid paired (baseline and endpoint) dietary
outcome measures were obtained from >80% of partici-
pants, with missing data due to participants (n=5; 4 child,
1 adult) not completing the required minimum 3 days
of dietary recalls. Due to battery malfunctions (n=12; 6
child, 6 adult) and non-wear due to skin reactions (n=3;
children), paired sedentary outcome measures were only
collected from 57% and 65% of children and adults,
respectively.

Intervention implementation and fidelity outcomes (study
objective 3)

All families received the initial intervention session and
the duration averaged 66 min, 10% higher than the
intended 60 min. All families received the first three
follow-up sessions, only 60% of families opted to receive
the fourth follow-up session. Two families chose to receive
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Table 1 Baseline characteristics of the study participants®

Adults Children

Control Intervention Control Intervention
Characteristic (n=9) (n=8) (n=12) (n=10)
Gender female, n (%) 4 (44) 4 (50) 6 (50) 5 (50)
Age (years), mean (SD); range 51 (5); 43-59 42 (6); 32-49 15 (3); 10-18 13 (2); 10-16

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

PCSK? inhibitor injections 1(11) 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 statust 4 (44) 4 (50) 2(17) 2 (20)

Obese weight statust 0 0 1(8) 1(10)

*Only adults with FH included in this table.

+Overweight in adults defined as BMI>25-29.9 kg/m? and BMI centile > 91st percentile for children.
+Obese defined as BMI>30kg/m? for adults and BMI centile > 98th percentile for children.
APOB, apolipoprotein B; BMI, body mass index; FH, familial hypercholesterolaemia; LDLR, low-density lipoprotein receptor; PCSK9, proprotein

convertase subtilisin/kexin type 9.

follow-up sessions via email and eight opted for telephone
with an average duration of 25 min, which was below the
intended 30 min. The fidelity to the content and BCTs
intended to be delivered in each session was high, with
only one content section (‘barriers and solutions’, detailed
in online supplemental file 2) not delivered to 20% of
families, due to the initial session exceeding the intended
60 min and the family having to leave. In response to
the individual needs of the families, four BCTs were not
delivered to all families and 80% of families received
additional BCTs during the follow-up sessions. Two
further BCTs were not delivered to 20% of families, as the
required information (dietary intake and body composi-
tion data) was unavailable for the initial session. Online
supplemental file 2 provides details of these omitted and
additional BCTs.

Acceptability results (study objective 4)

Overall, the participants were positive towards the content
of the intervention, which was perceived to have provided
the knowledge and motivation to change behaviours: ‘If
no-one’s telling you what you have to change, then it’s harder
to think about it (Parent). The follow-up sessions were

valued as they provided additional information and/or
motivational support: ‘If we'd not had any contact, it might
have been difficult to keep on track’ (Parent). The stepwise
approach to goal setting and the family-based delivery
of the intervention facilitated behaviour change: ‘it’s just
easier if you have someone else doing it with yow' (Child). If
suitable alternatives could be identified, the dietary goals
were perceived to be easy to implement and participants
intended to continue with the swaps: ‘I got used to the cheese
and the brown pasta. It just tastes better now than the other pasta’
(Child). Having their child enjoy these foods increased
acceptability: ‘7o see her eating broccoli and green beans, it’s
what every mum wants’ (Adult). For those who were inactive
previously, changing physical activity behaviours proved
harder to implement, requiring ‘discipline (Adult) and if
they did not find an activity they enjoyed, many continued
to struggle. The acceptability of changing behaviours was
harder when routines changed during school holidays.
However, participants viewed these as short-term lapses
and returned to their new habits after: ‘The summer holi-
days have been tricky because you're always out of a routine.
When we’re back at school it will be easier’ (Adult).
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Behavioural and clinical outcomes (study objectives 5 and 6)
The baseline data collected from the withdrawn partic-
ipant were included in the analysis. The results suggest
that the intervention may be effective in decreasing
intake of total fat, saturated fat and cholesterol, and
increasing intake of fibre, fruits and vegetables (table 2).
No participants in either group consumed plant stanol
or sterol-fortified products at baseline. This remained
true for the control group, whereas all but one partici-
pant in the intervention group reported consuming a
yoghurt containing 2 g of plant stanols or sterols every
day throughout the intervention. The within-group
median change between baseline and endpoint assess-
ment is indicative of a positive effect of the intervention
on increasing daily MVPA and decreasing daily sedentary
time in adults, but not children (table 2). However, the
data suggest MVPA also increased among adults in the
control group, meaning it is not possible to attribute the
improvements solely to the intervention. The direction
of trends suggests a favourable effect of the intervention
on diastolic blood pressure, total cholesterol and LDL-C
in adults and children (table 2). Additionally, the within-
group median change suggests that the intervention may
be associated with improvements in BMI, body composi-
tion and HRQoL in children (table 3).

The within-group mean decrease in LDL-C for children
in the intervention group was 0.29 (0.58) mmol/L and
for adults was 0.33 (0.77) mmol/L, which is an approxi-
mate decrease of 8% and 10% from baseline, respectively.
An LDL-C reduction of 10% was deemed to be of clinical
significance and the sample size calculation was based on
this. Using the mean baseline LDL-C and SDs in children
in the intervention group, and a 5% level of significance,
a sample size of 42 children in each group was calcu-
lated to have 80% statistical power to show a difference
between a 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. To account for
non-collection of behavioural outcomes and participation
of families with non-affected parents, a future trial should
aim to recruit 160 families. Using the 38% recruitment
rate, this would require a potential recruitment pool of
420 eligible families.

If multiple affected children from a family were to be
recruited to any following trial, an estimate of the intra-
class correlation would be needed to calculate an inflation
factor for the sample size. Furthermore, mixed models
may be needed in the final analyses. As only one family in
the present trial included more than one affected child,
it was not possible to estimate the intraclass correlation.

DISCUSSION

This trial has demonstrated that it is feasible to recruit,
randomise and retain families with FH into a 12-week
trial, and to implement and evaluate a dietary and phys-
ical activity intervention, which is acceptable to fami-
lies. While this study was not sufficiently powered, the

potentially favourable effects on CVD risk factors are
encouraging and warrant further investigation in a full-
scale RCT, subject to the identified refinements.

The 8%-10% reduction in LDL-C that was observed in
this trial is clinically significant. It is in fact comparable
to that achieved through the addition of further medica-
tion, such as one that inhibits the intestinal absorption of
cholesterol, to standard statin therapy.”> Many children
and adults with FH do not meet LDL-C treatment targets,
even when using maximally licensed doses of medica-
tion.” There is no LDL-C concentration below which the
beneficial effects on CVD risk cease to improve,”* and
‘the lower, the better’ approach is advocated."” Any addi-
tional LDL-C reduction that can be achieved through
non-pharmacological approaches is critically important,
highlighting the potential benefit of the LDL-C finding.

Most families in this trial were recruited at paediatric
lipid clinics, held every 3-6months. This infrequency
contributed to the recruitment target not being met
within study timelines, a common finding in RCTs.” The
infrequent clinics are representative of the low number of
individuals diagnosed with FH in the UK (8%) and world-
wide (1%-15%).%® Ongoing efforts to increase the detec-
tion of FH through cascade testing continue to improve
these statistics,36 which should increase the number of
eligible families and clinics in a future trial. The study
recruited 38% of eligible families, higher than the 34%
reported in a similar study conducted in adults with FH*’
and the 22% reported in a family-based study to reduce
CVD risk in children without FH.”™ Recruitment could be
improved by telephoning non-responders® and incor-
porating a research visit into a lipid clinic appointment
to reduce the time burden on participants, a common
barrier to participation in this study. Once recruited, the
acceptability of the trial was high regardless of randomi-
sation, as reflected by retention of 97%. This study has
also demonstrated the feasibility of non-affected parents
participating in the trial when the affected parent cannot.
As treatment is most beneficial when initiated in child-
hood," and the family-based delivery of the intervention
was integral to the participants’ acceptability, non-affected
parents should continue to be eligible to facilitate recruit-
ment of children in a future trial.

Participantacceptability and compliance with recording
dietary and physical activity behaviours was higher than
previous research.*”*! Battery malfunction due to the age
of the accelerometers used accounted for most missing
sedentary behaviour outcomes and a future trial should
use new or recently refurbished activPALs. The low collec-
tion of body composition outcomes can be overcome in
a future trial by providing sites with the equipment, and
the updated EQ-5D-5L version of the adult QoL question-
naire should be used, which reduces the occurrence of
the ceiling effect found in this study.*

In contrast to a previous trial conducted in adults
with FH,' the intervention was implemented with high
fidelity, likely due to the comprehensive manuals created.
The adaptations made were almost all in response to the

6

Kinnear FJ, et al. BMJ Open 2020;10:€044200. doi:10.1136/bmjopen-2020-044200



Open access

oxejul ABJaus (30} ‘(31 ‘SpIoe Apey pajeinies ‘y4S ‘einssaid poojq
21|0}sAs ‘dgs ‘spioe Ajey pajeiniesunAjod ‘v4Nd ‘spioe Aje} pajeinjesunouow ‘4NN {[o1a1sajoyo uieoidodi| Alsusp-mol ‘D-1aT ‘o4 Jo Alfenb pajejal-yyeay “JopyH ‘|oseisajoyo ueiosdodi Aysusp-ybiy ‘D-1aH ‘einssaid pooiq dljoiselp dga

‘sjuediolied }Npe WoJy Pajos||0d BIep 8y} Ul Paiindoo0 Jeyy Josye Bullied, 0} enp Ajuo uaip|iyo Joy pajuasaid eyep JoDdHT

*uwIN|od U, 8y} Ul pajedipul pajoa||od aiem eyep juiodpus pue auljeseq paited woym 4oy sjuedioed Auo sepnjoul ajew}se aoualayIp SIY} ‘SenfeA auljeseq Joj paisnipyt

‘sdnoJB usam}aq SeoUBIBYIP UBSL PajewISe pue anfeA ueaw dnolb payewse yoes ul pepn|oul sjuedioiyed Jo Jaquinu ey} ajeol

| SUWIN|OD U, BU} ‘PEPNIOUI Uaq BABY BIep ||V,

. : u : 0JJUO
021 01 £0) LL (6201 9°2) (ee eeL LL (6'6) v'€L gl | 0 (0010 €1095)
6'G 6 191 (8°2) 068 6 (8'6) LG8 0L  uonuanBu| 17004H

. . . . e . .
(400 01 86°0-) 8 (€10 01 88°0-) (60°0) 25"+ 8 (Leosrt 6 (2001 1:09) 8 (0 01 2:0-) (Lo et 8 €0zt ok |013u0D (/10wuw)
210~ L eLo- (ez0) 6L 8 (L0t A 100 8 L0 (€0 vt 8 (€0 vt 8 uonuaAISIU| O-1aH

. . e - ouo
@rooreet-)  © §0 01219 (Lnee 8 (870) 22 6 (21°0 01 28°0-) 8 (L 01 G'1-) (Lo ee 8 (80 ze (o] |013u0D (1loww)
95°0— A 20- (8'0) 82 8 (Lo ze A 9€°0— 8 20— (onee 8 (80 g€ 8 uonuSAISIU| 0-1a1

. : . 3 : ) : . 0JJUO
001 Z1-) 8 (@1 ore 1) (S0 61 8 (60) 9% 6 (0 01 6:0-) 8 (L 0 1) (8'0) 6'% 8 (8'0) 8'% ol |013u0D (/1oww)
¥'0- L 80°0— (€0 8¥ 8 (60) 0'g A €0- 8 90°0— (Zvog 8 (61 es 8 UOIIUBAIBIU| |048}SBIOYD [B10L

o) o o - ) ) onuo
60— 0 221 6 (1°6 01 -1 1) (98) 872 6 (9'8) 2'69 6 (6 01 1°8-) L (2 01 °01-) (#"2) 0°€9 LE (z'6) 689 4! I 0 (61 ww)
8'9- 8 ze- @91 8 (Lol v's. 8 g 6 Ly (6'%) 6'8S 6 (£'9) 629 0L  uonusney| dga

5 : : . . . 0JJUo
b1 01 6G1-) 6 &b 0 Z12-) (Sv ozl 6 Sy GLLL 6 (66 01 9°g-) LE & 01 601-) (e'8) 6201 L (cob) oLt 4! |013u0D (61 wuw)
89— 8 L'g- (9e)6LLL 8 ('S §'GLL 8 9L- 6 Le- (€79) 6701 6 (so1) sv0L 0L  uopusnRu| das
) A Y e R . (suorpod)

0JJU0
Georo ° (8201 80) €62 8 @1gv 6 @gorzl) 8 001 1) (9002 6 (vee o] I0AUOD ool slqEI0Ben
9L 8 zl Sy 8 (02 ¢ee 8 ze 6 ze (60 cv 6 (Znee 6 uonusAlel| pue yni4

3 3 3 . E . 3 3 0J3U0
(88 0} £'9) 8 (10 01 Z°01) 2 9ee 8 (901 22 6 (601 03 2°0) 8 6cLor g (Lg) g9l 6 (0v) ¥'glL oL |onuoD ®)
Ll 8 L'e- (8°2) 902 8 (295Gl 8 2s 6 8. (¥9) eve 6 (z'g) 002 6 uonuaAIBIU| axejul aiql4

. . . . . . . . .
@zeL0199-) 8 (G291 019'68-) (8's01) ¥°2€ 8 (1'09) 6°091 6 (,z016001-) 8 (rgrorziLio) (L've) el 6 (¢'s6) 6022 o] |04u0D (Bw) o3pErUl
l'sc 8 6'€9 (50e) ¥v0c 8 (9v8) z'6le 8 L'vg— 6 Lve— (9'79) v'67L 6 (@12 6181 6 uonuSAISIU| |o181s9]04D

: : . . : . ) ) 0J]JUo
(@20 1°'2) 8 @z 0161 (@2 gs 8 wres 6 (10 01 6'1-) 8 (8001 2°19) (enes 6 oy o] |013u0D (3L %)
€00 8 L0 (91 os 8 (S zs 8 9'0- 6 ¥'0- ey 6 ey 6 uonusAle| aejl v4Nd

) o ) g ) o ) e .
&€ 01 56-) 8 (@b 0182) (ge) 9oL 8 (92 12t 6 (10" L- 03 £°G-) 8 (90— 0} 55-) (€2 zel 6 (8 1ett ok |013u0Q (3L %)
€0 8 60 (e) gL 8 (Le)sel 8 e 6 8z (02 v6 6 (Ly) 9 LL 6 uonuaAIBU| el 4NN

. u . E - N . N 0J1UO:!
(60 01 §9-) 8 (201 89-) (e'e) 60k 8 (re) s otk 6 (80 01 §9-) 8 (6001 Z4-) (12 LeL 6 (672 L2k ok |o13u0Q (3L
6'L- 8 L= (92 66 8 (8¢ Let 8 8L 6 81— (92 eolL 6 (02 9zt 6 UonUSAISIU| %) el Y4S
(6201 v 2-) 8 (z'9 01 6'9-) (€9 91e 8 (29)oze 6 (51— 01 6'8-) 8 (50— 01201 (1'v) 6€e 6 (8'%) 6'2¢ oL |013u0D (3L %)
ol 8 €0- (69 21e 8 (8°2) vse 8 oy 6 96— (1'g) g8z 6 (79 oee 6 uonusAIBIU| ayel yed
4010 %s6) u (19 %56) iodpuz  u aujjeseg u H10 %S6) u (19 %56) jurodpug u auljeseg u dnoun awoono

aouaudyyip aouaidyip aoualayip aouaidyip
paisnipy jurodpug peisnipy jurodpug
s)npy uaup|iyo

,Sen[eA auljaseq Jo} paisnipe pue pajsnipeun juswssasse julodpus ay} 1e sdnoub usamiaq saouaiallp 8yl Jo uosuedwod e pue sdnolb UoIJUSAISUI PUB |0JIUOD IO}
SJUBWISSSSE Julodpus pue aulleseq je (ToDYH Pue D-TaH ‘D-T1a7 ‘[0481s8|0yd [e10} dgd dgsS) Se/nseaul swooino [EDIUIID pUB SJUSLINU JO syelul Ajlep ues|\ g alqeL

Kinnear FJ, et al. BMJ Open 2020;10:€044200. doi:10.1136/bmjopen-2020-044200



o = individual needs of families. If adaptations do not under-
C . . . . . .
@ 2 & mine the mechanisms of action by which the intervention
» g 3
o3 S8 - 55 & - is proposed to have its effect, tailoring interventions to
) e} 5 5 © o I = . . .
e} g2 = S <9lw 9 g 53 suit different contexts can have beneficial effects on the
= 8|l o o o+~ o N ~ -
o SlZ2Q® L 5 9 &~ o 2 o 43 : . ically devel
< Sleat 3228158 outcogles. As the intervention was systematically devel-
= Sl T a2 oped,” the effect of adaptations can be evaluated in a
= 5 ) O N Ao i .. . 1
GEJ 2|59 9999 2592 definitive trial.?
Q e < . Participants’ dietary intakes fell short of treatment
= . .
> recommendations at baseline, as reported by others
c . 13 44 . . . .
& s e B o previously. This was despite all adults having previ-
o E S S dT@o 8 B0 ously received dietetic advice on diagnosis, suggesting the
- . . . . . .
5 £ 9w & nid @ d L PIE specifically designed behaviour change intervention has
=~ N o - N O O I~ < . . . . .
o T/ 8 o 8 ¥ T AUP (T advantages over routine advice provided in outpatient
o TE|L N © 0@ QT Oy | O o .
= E8|6 68 © S F = N =B ®|o lipid clinics. The qualitative findings serve to demonstrate
0 Wl 8 NS 1 ¥ ¥ 0o | e . X X . R
‘qc'; £ that the intervention was highly acceptable to families with
cl®o® ® < </ ¥ © o © @ | § e .1
£ g FH, who were able and willing to change their lifestyle
) 2 ’
o § behaviours. This was largely driven by the family-based
0} S : gely Y ¥y
1) c - . .
%) 8 = = S o & - o5 4 approach, also adopted by a previous non-randomised
© 3 B B © o o ® 3 T O| D . . . . .
€ E g 8222 i 888 trial, which successfully improved dietary behaviours of
5 o~ NS S . . 44 .
=4 2 =22 ddeso o - Q2R|a children with FH.™ However, only the behaviours of the
o =g%le a8 8 8% S QA HF| 3 ) . . .
2 S8El S YT Y= % alg | children were targeted and eight dietetic sessions were
o < © @ W AN~ T O N~ & . .
5 (3| S N SNe o ©ie e e provided.** While not powered to detect changes, the
< 2 = . . .
@ < I Y~ R © R - findings suggest that the pragmatic intervention evalu-
_qg’ T g ated in the current study may achieve dietary improve-
7 85 & < 3 ments in both adults and children without the need for
3 sle 8 & g g o g multiple dietetic sessions
o > © N £ .
= = 2 L S 2 o o 47 . . 14
& & §lg 2 e eg22c |8 Unlike previous research, ™ the results suggest phys-
o 2 5128 5208250832 : - i i
E3 clf8 - w2 X 2=2/5 ical activity and sedentary behaviours of adults with FH
= O 5 - ] Lo~ L9 N - g Y
e 58k - L0 S § o lLz|s may be improved by the intervention developed for the
== 2lo 8 S NS @ ¥ vix | :
25 S B OB current study. However, trends towards improvement
S5 N BB ERd K among adults in the control group were also observed.
[oR . . . .. .
35 5 3 This finding may be explained by the reactivity bias asso-
25 g - ciated with wearing accelerometers, in which partici-
<8 = Il £ pants modify their habitual physical activity in response
> 2 g|® - STV eI __ |8 to wearing accelerometers.”” In contrast, the results of
S5 2122 9288 83 BR|S : - Ay
o Elge 232322885 this study do not suggest that physical activity or seden-
>0 o B T B S B T R . ! . .
3 2 sl11 2288 8§8|3 tary behaviours were improved among children in either
= L] .o . . .
- B T3 H I 2N 20w roup. Participants received feedback about the dispar-
= 9 c 2 % a0 ® o oK o o |2
o Q Wiloo &} F ® © F 1 o | 73 e . . .
25 £ ities between their dietary intakes and the recommen-
8, c| T F 00 R e @ et dations, but not for physical activity. Parents of inactive
Q = . . . . .
£ 2 children typically overestimate the time they spend in
g 5 5 . Y 16
° 2 T @ = £ physical activity, as do the children themselves.” Given
c o s . . . ..
5 E 2 o o 5 © © & 3 8 the low rates of children meeting the physical activit
-— he] P~ — —~ = Q
O + o o Q9 n N © o S — o 0 S © . . .
Qo o £ © o I 9P Y ® N Lal 5 o recommendations in this study, feedback on current phys-
[

— 9 s [E8 ¥ 32 a0 FFIC 2 : . . : :
s? Eg|lil 23888z 9|2 s ical activity levels in comparison to the recommendations
= T T &8 2 3wy 2 . . . . .
Q- Bl g N o @A - 0 - 5|8 3 should be provided in a future trial to increase motivation

s 2ls| T S e N NIy @ © e | veo to change this behaviour.
= (]

g 5| & clega © 0o oo ol®o é%_g
=39 T T 580 S
o Rk Strengths and limitations
> o cn g
— = o = o = - =0 o . . .
o) 2 S S S S S S gé The participants were highly educated and mostly white

(] c - c = c - c = c = . o, . oy .
5 g/ 28 &g ¢ 9 89 QB |sg Europeans, limiting the generalisability of the findings
% 3|5 € 5 £ 5 € 5 £ 5 2| vat g .. .
o 528 28 & 8 & 8 & 8|53 to all families with FH, a common condition affecting
Ss 283 all ethnicities.” The qualitative sample did not include
o < = — c 52 .. . . .
9 © 13 £ > o= any participants of different ethnicities and it cannot be
= c ® = @ E S 8¢9

2 el £ é < < 25 ¢ concluded that data saturation was achieved, limiting
» = © > © 1. . . . 47

g ] 28 & @ = BE |33 the validity of the qualitative findings.”’ The 12-week
LS ] Qo 2 = o E % 538
L ¢ 6|s3E 85 Z5 £ 2¢e |Z&< follow-up period in this study does not enable explora-
i 42 88 B2 & 8E |3 . : .

= = = = = tion of longer term effects, which are of importance to

8 Kinnear FJ, et al. BMJ Open 2020;10:6044200. doi:10.1136/bmjopen-2020-044200



treatment for a lifelong condition like FH."' Individuals
attend annual lipid clinic appointments and it would be
feasible to extend the follow-up period to 12 months in
a future trial. The dietary intake estimates in this study
are limited by the misreporting bias associated with all
self-report methods of dietary assessment.”® A future trial
should include objective measures of dietary intakes to
validate the estimates of the nutrients targeted by the
intervention, such as blood concentrations of fatty acids
and phytosterols.” Adherence to pharmacological treat-
ment influences LDL-C concentrations and this was not
formally assessed in this study. The validated Morisky
Eight-item Medication Adherence Scale is suggested for
a future trial.”’

CONCLUSION

This study has addressed the main uncertainties ahead
of a definitive trial, and if the identified refinements are
made to the study design then a fully powered RCT is
feasible and warranted. Such a trial will address the unan-
swered question of the potential benefits of the current
diet and physical activity treatment recommendations
on LDL-C treatment goals and CVD risk in children and
adults with FH.

Author affiliations

'National Institute for Health Research Bristol Biomedical Research Centre (NIHR
Bristol BRC), University Hospitals Bristol and Weston NHS Foundation Trust, Bristol,
UK

2University of Bristol, Bristol, UK

*Bristol Medical School, University of Bristol, Bristol, UK

“Department of Clinical Biochemistry, University Hospitals Bristol and Weston NHS
Foundation Trust, Bristol, UK

5St George's University Hospitals NHS Foundation Trust, London, UK

®National Centre for Sport and Exercise Medicine, School of Sport, Exercise and
Health Sciences, Loughborough University, Loughborough, UK

"National Institute for Health Research (NIHR) Leicester Biomedical Research Centre
(BRC), University Hospitals of Leicester NHS Trust, Leicester, UK

Acknowledgements We would like to thank Dr Coxson, Dr Edmonds and all
members of the research teams at University Hospitals Bristol and Weston, St
George’s University Hospitals and Royal United Hospitals Bath NHS Foundation
Trusts. DJS and AET acknowledge support from the National Institute for Health
Research (NIHR) Leicester Biomedical Research Centre.

Contributors FJK, JPHS, FEL, GB, CW and DJS contributed to the design of the
study. FJK and AS analysed and interpreted the qualitative data. FJK, AET, FEL
and JPHS analysed and interpreted the quantitative data. FJK and LH devised

and conducted the statistical analysis plan for this analysis. FJK prepared the
manuscript, which was critically revised by all coauthors. All authors approved the
final version.

Funding This study was funded by the NIHR Biomedical Research Centre at
University Hospitals Bristol and Weston NHS Foundation Trust and the University of
Bristol.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The trial received ethical approval from the Cornwall and
Plymouth Research Ethics Committee (reference: 18/SW/0121).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data
from this study are available on request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Fiona Jane Kinnear http://orcid.org/0000-0002-4090-1554
Aidan Searle http://orcid.org/0000-0001-9860-3253

David J Stensel http://orcid.org/0000-0001-9119-8590

REFERENCES

1 Goldstein JH, Brown MS. Familial hypercholesterolemia. In: Sciver
CRA, Sly WS, Valle D, eds. The metabolic and molecular bases of
inherited disease. 8 edn. New York: McGraw-Hill;, 2001: 2863-913.

2 Beheshti SO, Madsen CM, Varbo A, et al. Worldwide prevalence of
familial hypercholesterolemia: meta-analyses of 11 million subjects. J
Am Coll Cardiol 2020;75:2553-66.

3 Alonso R, Perez de Isla L, Mufiz-Grijalvo O, et al. Barriers to early
diagnosis and treatment of familial hypercholesterolemia: current
perspectives on improving patient care. Vasc Health Risk Manag
2020;16:11-25.

4 Bianconi V, Banach M, Pirro M, et al. Why patients with familial
hypercholesterolemia are at high cardiovascular risk? beyond LDL-C
levels. Trends Cardiovasc Med 2020. doi:10.1016/j.tcm.2020.03.004.
[Epub ahead of print: 12 Mar 2020].

5 Galema-Boers AM, Lenzen MJ, Engelkes SR, et al. Cardiovascular
risk in patients with familial hypercholesterolemia using optimal lipid-
lowering therapy. J Clin Lipidol 2018;12:409-16.

6 Arsenault BJ, Perrot N, Couture P. Does lifestyle contribute to
disease severity in patients with inherited lipid disorders? Curr Opin
Lipidol 2017;28:177-85.

7 Akioyamen LE, Genest J, Chu A, et al. Risk factors for cardiovascular
disease in heterozygous familial hypercholesterolemia: A systematic
review and meta-analysis. J Clin Lipidol 2019;13:15-30.

8 Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines
for the management of dyslipidaemias: lipid modification to reduce
cardiovascular risk. Eur Heart J 2020;41:111-88.

9 Stock J. First insights from the EAS familial hypercholesterolaemia
collaboration registry: FH is still underdiagnosed and undertreated.
Atherosclerosis 2019;290:138-9.

10 Watts GF, Gidding SS, Mata P, et al. Familial hypercholesterolaemia:
evolving knowledge for designing adaptive models of care. Nat Rev
Cardiol 2020;17:360-77.

11 Malhotra A, Shafig N, Arora A, et al. Dietary interventions (plant
sterols, stanols, omega-3 fatty acids, soy protein and dietary fibers)
for familial hypercholesterolaemia. Cochrane Database Syst Rev
2014;6:CD001918.

12 Lozano P, Henrikson NB, Dunn J, et al. U.S. preventive services Task
force evidence syntheses, formerly systematic evidence reviews.
lipid screening in childhood and adolescence for detection of familial
hypercholesterolemia: a systematic evidence review for the US
preventive services Task force. Rockville (MD): Agency for Healthcare
Research and Quality (US), 2016.

13 Broekhuizen K, van Poppel MNM, Koppes LL, et al. No significant
improvement of cardiovascular disease risk indicators by a lifestyle
intervention in people with familial hypercholesterolemia compared to
usual care: results of a randomised controlled trial. BVIC Res Notes
2012;5:181.

14 Broekhuizen K, Jelsma JGM, van Poppel MNM, et al. Is the process
of delivery of an individually tailored lifestyle intervention associated
with improvements in LDL cholesterol and multiple lifestyle
behaviours in people with familial hypercholesterolemia? BMC Public
Health 2012;12:348.

15 Avis HJ, Kusters DM, Vissers MN, et al. Follow-up of children
diagnosed with familial hypercholesterolemia in a national genetic
screening program. J Pediatr 2012;161:99-103.

Kinnear FJ, et al. BMJ Open 2020;10:€044200. doi:10.1136/bmjopen-2020-044200


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-4090-1554
http://orcid.org/0000-0001-9860-3253
http://orcid.org/0000-0001-9119-8590
http://dx.doi.org/10.1016/j.jacc.2020.03.057
http://dx.doi.org/10.1016/j.jacc.2020.03.057
http://dx.doi.org/10.2147/VHRM.S192401
http://dx.doi.org/10.1016/j.tcm.2020.03.004
http://dx.doi.org/10.1016/j.jacl.2017.12.014
http://dx.doi.org/10.1097/MOL.0000000000000387
http://dx.doi.org/10.1097/MOL.0000000000000387
http://dx.doi.org/10.1016/j.jacl.2018.10.012
http://dx.doi.org/10.1093/eurheartj/ehz455
http://dx.doi.org/10.1016/j.atherosclerosis.2019.09.015
http://dx.doi.org/10.1038/s41569-019-0325-8
http://dx.doi.org/10.1038/s41569-019-0325-8
http://dx.doi.org/10.1002/14651858.CD001918.pub3
http://dx.doi.org/10.1186/1756-0500-5-181
http://dx.doi.org/10.1186/1471-2458-12-348
http://dx.doi.org/10.1186/1471-2458-12-348
http://dx.doi.org/10.1016/j.jpeds.2011.12.037

16

17

18

19

20

Claassen L, Henneman L, Kindt |, et al. Perceived risk and
representations of cardiovascular disease and preventive behaviour
in people diagnosed with familial hypercholesterolemia: a cross-
sectional questionnaire study. J Health Psychol 2010;15:33-43.
Kinnear FJ, Wainwright E, Perry R, et al. Enablers and barriers to
treatment adherence in heterozygous familial hypercholesterolaemia:
a qualitative evidence synthesis. BMJ Open 2019;9:e030290.
Kinnear FJ, Wainwright E, Bourne JE, et al. 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). BMC Health Serv Res
2020;20:27.

Craig P, Dieppe P, Macintyre S, et al. Developing and evaluating
complex interventions: the new medical Research Council guidance.
BMJ 2008;337:a1655.

Kinnear FJ, Hamilton-Shield JP, Stensel DJ, et al. Nutrition

and physical activity intervention for families with familial
hypercholesterolaemia: protocol for a pilot randomised controlled
feasibility study. Pilot Feasibility Stud 2020;6:42.

35

36

37

38

genetic, epidemiologic, and clinical studies. A consensus statement
from the European atherosclerosis Society consensus panel. Eur
Heart J 2017;38:2459-72.

McDonald AM, Knight RC, Campbell MK, et al. What influences
recruitment to randomised controlled trials? A review of trials funded
by two UK funding agencies. Trials 2006;7:9.

EAS Familial Hypercholesterolaemia Studies Collaboration,
Vallejo-Vaz AJ, De Marco M, et al. Overview of the current status

of familial hypercholesterolaemia care in over 60 countries - The
EAS Familial Hypercholesterolaemia Studies Collaboration (FHSC).
Atherosclerosis 2018;277:234-55.

Broekhuizen K, van Poppel MNM, Koppes LL, et al. Can

multiple lifestyle behaviours be improved in people with familial
hypercholesterolemia? results of a parallel randomised controlled
trial. PLoS One 2012;7:e50032.

Schwandt P, Geiss HC, Ritter MM, et al. The prevention education
program (PEP). A prospective study of the efficacy of family-
oriented life style modification in the reduction of cardiovascular
risk and disease: design and baseline data. J Clin Epidemiol

21 Eldridge SM, Chan CL, Campbell MJ, et al. Consort 2010 1999;52:791-800.
statement: extension to randomised pilot and feasibility trials. BMJ 39 Treweek S, Lockhart P, Pitkethly M, et al. Methods to improve
2016;355:i5239. recruitment to randomised controlled trials: cochrane systematic
22 Eldridge SM, Lancaster GA, Campbell MJ, et al. Defining feasibility review and meta-analysis. BMJ Open 2013;3:6002360.
and pilot studies in preparation for randomised controlled trials: 40 Howie EK, Straker LM. Rates of attrition, non-compliance and
development of a conceptual framework. PLoS One 2016;11:e015 missingness in randomized controlled trials of child physical activity
0205-e. interventions using accelerometers: a brief methodological review. J
23 Michie S, van Stralen MM, West R. The behaviour change wheel: Sci Med Sport 2016;19:830-6.
a new method for characterising and designing behaviour change 41 Rowland MK, Adamson AJ, Poliakov |, et al. Field testing of the
interventions. Implement Sci 2011;6:42. use of Intake24-An online 24-hour dietary recall system. Nutrients
24 Moore GF, Audrey S, Barker M, et al. Process evaluation of 2018;10:1690.
complex interventions: medical Research Council guidance. BMJ 42 Janssen MF, Pickard AS, Golicki D, et al. Measurement properties
2015;350:h1258. of the EQ-5D-5L compared to the EQ-5D-3L across eight patient
25 Sim J. Should treatment effects be estimated in pilot and feasibility groups: a multi-country study. Qual Life Res 2013;22:1717-27.
studies? Pilot Feasibility Stud 2019;5:107. 43 Hawe P, Shiell A, Riley T. Complex interventions: how "out
26 Simpson E, Bradley J, Poliakov |, et al. lterative development of an of control" can a randomised controlled trial be? BMJ
online dietary recall tool: INTAKE24. Nutrients 2017;9:118. 2004;328:1561-3.
27 Bradley J, Simpson E, Poliakov |, et al. Comparison of INTAKE24 44 Rodriguez-Borjabad C, Malo Al, Ibarretxe D, et al. Efficacy of
(an online 24-h dietary recall tool) with Interviewer-Led 24-h recall in therapeutic lifestyle changes on lipid profiles assessed by NMR in
11-24 year-old. Nutrients 2016;8:358. children with familial and non-familial hypercholesterolemia. Clin
28 Rabin R, de Charro F. EQ-5D: a measure of health status from the Investig Arterioscler 2020;32:49-58.
EuroQol group. Ann Med 2001;33:337-43. 45 Sylvia LG, Bernstein EE, Hubbard JL, et al. Practical guide to
29 EuroQoL Research Foundation. EQ-5D-3L user guide basic measuring physical activity. J Acad Nutr Diet 2014;114:199-208.
information on how to use the EQ-5D-3L instrument. version 6.0, 46 Corder K, van Sluijs EMF, McMinn AM, et al. Perception versus reality
2018. awareness of physical activity levels of British children. Am J Prev
30 Friedewald WT, Levy R, Fredrickson DS. Estimation of the Med 2010;38:1-8.
concentration of low-density lipoprotein cholesterol in plasma, 47 Fusch Plan LR. Are we there yet? data saturation in qualitative
without use of the preparative ultracentrifuge. Clin Chem research. Qual Res 2015;20:1408-16.
1972;18:499-502. 48 Cade JE, Warthon-Medina M, Albar S, et al. DIET@NET: best practice
31 BraunV, Clarke V. Using thematic analysis in psychology. Qual Res guidelines for dietary assessment in health research. BMC Med
Psychol 2006;3:77-101. 2017;15:202.
32 Vickers AJ, Altman DG. Statistics notes: analysing controlled trials 49 Jones PJH, Shamloo M, MacKay DS, et al. Progress and
with baseline and follow up measurements. BMJ 2001;323:1123. perspectives in plant sterol and plant stanol research. Nutr Rev
33 Pisciotta L, Fasano T, Bellocchio A, et al. Effect of ezetimibe 2018;76:725-46.
coadministered with statins in genotype-confirmed heterozygous FH 50 Grover A, Oberoi M, Rehan HS, et al. Self-reported Morisky Eight-
patients. Atherosclerosis 2007;194:e116-22. item medication adherence scale for statins Concords with the pill
34 Ference BA, Ginsberg HN, Graham |, et al. Low-density lipoproteins count method and correlates with serum lipid profile parameters and
cause atherosclerotic cardiovascular disease. 1. Evidence from serum HMGCoA reductase levels. Cureus 2020;12:e6542-€.
10 Kinnear FJ, et al. BMJ Open 2020;10:€044200. doi:10.1136/bmjopen-2020-044200


http://dx.doi.org/10.1177/1359105309345170
http://dx.doi.org/10.1136/bmjopen-2019-030290
http://dx.doi.org/10.1186/s12913-019-4869-4
http://dx.doi.org/10.1136/bmj.a1655
http://dx.doi.org/10.1186/s40814-020-00584-3
http://dx.doi.org/10.1136/bmj.i5239
http://dx.doi.org/10.1371/journal.pone.0150205
http://dx.doi.org/10.1186/1748-5908-6-42
http://dx.doi.org/10.1136/bmj.h1258
http://dx.doi.org/10.1186/s40814-019-0493-7
http://dx.doi.org/10.3390/nu9020118
http://dx.doi.org/10.3390/nu8060358
http://dx.doi.org/10.3109/07853890109002087
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/4337382
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1191/1478088706qp063oa
http://dx.doi.org/10.1136/bmj.323.7321.1123
http://dx.doi.org/10.1016/j.atherosclerosis.2006.10.036
http://dx.doi.org/10.1093/eurheartj/ehx144
http://dx.doi.org/10.1093/eurheartj/ehx144
http://dx.doi.org/10.1186/1745-6215-7-9
http://dx.doi.org/10.1016/j.atherosclerosis.2018.08.051
http://dx.doi.org/10.1371/journal.pone.0050032
http://dx.doi.org/10.1016/s0895-4356(99)00068-2
http://dx.doi.org/10.1136/bmjopen-2012-002360
http://dx.doi.org/10.1016/j.jsams.2015.12.520
http://dx.doi.org/10.1016/j.jsams.2015.12.520
http://dx.doi.org/10.3390/nu10111690
http://dx.doi.org/10.1007/s11136-012-0322-4
http://dx.doi.org/10.1136/bmj.328.7455.1561
http://dx.doi.org/10.1016/j.arteri.2019.10.001
http://dx.doi.org/10.1016/j.arteri.2019.10.001
http://dx.doi.org/10.1016/j.jand.2013.09.018
http://dx.doi.org/10.1016/j.amepre.2009.08.025
http://dx.doi.org/10.1016/j.amepre.2009.08.025
http://dx.doi.org/10.1186/s12916-017-0962-x
http://dx.doi.org/10.1093/nutrit/nuy032
http://dx.doi.org/10.7759/cureus.6542

	Reducing cardiovascular disease risk among families with familial hypercholesterolaemia by improving diet and physical activity: a randomised controlled feasibility trial
	Abstract
	Introduction﻿﻿
	Methods
	Trial design and setting
	Participants
	Recruitment and randomisation
	Sample size
	Intervention
	Comparator (waitlist, usual care control)
	Pharmacological treatment

	Outcome measures
	Feasibility outcomes (study objectives 1–3)
	Acceptability outcomes (study objective 4)
	Behavioural and clinical outcomes (study objectives 5 and 6)

	Data analysis
	Patient involvement

	Results
	Recruitment, randomisation and retention (study objective 1)
	Collection of clinical and behavioural outcome measures (study objective 2)
	Intervention implementation and fidelity outcomes (study objective 3)
	Acceptability results (study objective 4)
	Behavioural and clinical outcomes (study objectives 5 and 6)

	Discussion
	Strengths and limitations

	Conclusion
	References


