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Abstract.
IMPORTANCE: The evidence that maintaining a healthy body weight in conjunction with healthier eating patterns, exercise
training, and reduced stress can improve clinical outcomes in patients with atherosclerotic cardiovascular disease is substantial.
However, little is known about the magnitude and temporal effects of a comprehensive lifestyle treatment on coronary artery
anatomy, myocardial inflammation, and fibrosis in people affected by coronary heart disease.
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OBJECTIVE: To conduct a randomised clinical trial to determine the impact of a 12-month intense lifestyle intervention
delivered via an mHealth platform (in the form of a mobile App) versus standard clinical care on low attenuation plaque
volume and structure, stress myocardial perfusion, and diastolic function.
DESIGN: A single centre, parallel-group, randomised controlled trial. The co-primary endpoints are: 1-Low Attenuation
Plaque (LAP) volume (mm3 ) using coronary computed tomography angiography (CCTA) at 12 months, and 2-Adenosine
stress myocardial blood flow (stress MBF, mL/min/g) using cardiovascular magnetic resonance imaging (MRI) at 12 months.
Other key measurements include liver steatosis by MRI, subclinical abnormalities detected by advanced electrocardiography,
arterial stiffness, endothelial function, genomic, metabolomic, and gut microbiome-related adaptations to these structural
changes. An intention-to-treat principle will be used for all analyses.
SETTING: Participants will be recruited from a large academic cardiology office practice (Central Sydney Cardiology)
and Royal Prince Alfred Hospital (RPAH) Departments of Cardiology and Radiology. All clinical investigations will be
undertaken within the Charles Perkins Centre-RPAH clinic.
PARTICIPANTS: Individuals (n = 150) with stable coronary heart disease who have low attenuation plaque based on a
CCTA within the past 3 months, will be randomised to a lifestyle intervention program comprising a 5:2 pesco-vegetarian
diet, exercise training, and mindfulness-based stress reduction (n = 75) or usual care (n = 75).
DISCUSSION: This trial will represent the single most detailed and integrated analysis of the effects of a comprehensive
lifestyle intervention targeting multiple metabolic pathways, delivered via a customized m-Health App on smart devices,
on coronary macro- and microcirculation, heart physiology, and cardiometabolic risk. It will provide a new framework
for allowing clinicians and individuals to optimise metabolic health for the prevention and management of atherosclerotic
cardiovascular diseases that is epidemic in modern society.
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Trial registration: Australian New Zealand Clinical Trials Registry (ANZCTR). ACTRN12620001151921. https://www.
anzctr.org.au/ACTRN12620001151921.aspx
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1. Introduction
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Cardiovascular disease (CVD) is becoming the primary cause of morbidity, disability and premature
death not only in Western countries but also in the
developing world [1]. Lifetime risk of a first CVD
event at age 50 is ∼65% in men [2], and is increasingly affecting younger women and men, especially
in some ethnic groups that for genetic and epigenetic
reasons poorly tolerate the caloric surplus and the
build-up of excess abdominal fat [3]. Some accumulation of cellular and tissue damage within the
cardiovascular system is an inevitable part of advancing age. However, persistent exposure to traditional
and emerging risk factors (including insulin resistance, triglyceride-rich lipoproteins, trimethylamine
N-oxide, and accelerated clonal haematopoiesis)
associated with unhealthy lifestyle behaviours play
a substantial role in the initiation and development of
CVD [4, 5] (Fig. 1). Approximately 25% of patients
who develop a myocardial infarction have extensive
coronary atherosclerosis in the absence of any traditional modifiable cardiovascular risk factors [6].
A growing body of data from animal, epidemiological and clinical studies have demonstrated
that calorie excess, poor nutrition, physical inactivity, sleep disturbances, smoking, and mental stress
by acting on multiple metabolic and molecular
pathways play major roles in the pathogenesis of

Fig. 1. Classical and novel modifiable risk factors for cardiovascular disease.

many cardiometabolic diseases [4]. Findings from the
CALERIE phase 1 and 2 trials have shown that calorie restriction without malnutrition even in non-obese
individuals can reduce inflammation and oxidative
stress, and improve left ventricular diastolic function
and multiple cardiometabolic risk factors at supraphysiological levels [7, 8]. Fifty-year-old participants
of the Framingham Study with cardiovascular risk
factors similar to those achieved during CALERIE-2
[8] and in people practicing long-term calorie restriction [9] had a 5% lifetime risk of developing CVD,
whereas the risk increased to 69% in those with 2 or
more abnormal cardiometabolic risk factors [10].
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1.2. Current challenges
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Despite substantial evidence supporting lifestyle
behaviour change, there are three major challenges
to address. Firstly, there is a need for more mechanistic studies to elucidate the impact of lifestyle on
macro- and microvascular structure and function, and
advancements in imaging techniques will facilitate
this. Coronary computed tomography angiography (CCTA) technology has advanced significantly
over recent years and can now identify the volume and structure of low attenuation non-calcified
plaques (LAP). LAP is characterised by inflammation, microcalcification, a thin fibrous cap and large
lipid-rich necrotic core [24], and in a recent study
was the strongest predictor of subsequent myocardial infarction compared to classical risk predictors
in individuals with stable Coronary heart disease
(CHD). Indeed, those with LAP burden >4% were
almost 5 times more likely to have subsequent
myocardial infarction [25]. Early evidence suggests
that lifestyle intervention may yield LAP changes
observable as early as 12 months [26], however there
is a dearth of evidence in this area.
Quantification of myocardial blood flow during
hyperaemic stress is now possible via automated inline perfusion mapping by cardiovascular magnetic
resonance imaging (MRI). Non-invasive myocardial
and hemodynamic phenotyping by comprehensive
and state-of-the-art cardiac stress MRI can provide
quantitative characterisation not only of myocardial
blood flow measured during adenosine stress, but also
of the volumes and function of heart chambers, left
ventricular hypertrophy and diastolic dysfunction,

focal and global myocardial inflammation, myocardial infarction or non-ischemic scarring, diffuse
myocardial fibrosis, coronary microvascular function
including coronary spasm measured with the cold
pressor test, and pulmonary congestion at rest and
at peak supine ergometer exercise stress [27, 28].
Secondly, current lifestyle interventions are limited in their ability to be scaled up and rolled out
across the clinical setting in an affordable way. However, over the past decade there has been an exponential rise in smartphone and wearable use [29], and this
type of digital platform may address some of these
barriers. Thirdly, the greatest limitation to initiating,
engaging and sustaining effective lifestyle change,
is adherence. Digital health approaches using an
ecosystem which uses a smart phone to deliver these
programs have been shown to have superior effectiveness. Smartphone delivery of cardiac rehabilitation
was delivered much more effectively than traditional
face-to-face cardiac rehabilitation, with enhanced
engagement (94% vs. 68% p < 0.05) and program
completion (80% vs. 47%, p < 0.05) being significantly higher with digital health programs delivered
by smartphone [30]. Some advantages of smartphone
technology are that it can be initiated rapidly, updated
easily, and delivered at anytime from anywhere.
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Data from nutritional secondary prevention trials
in patients with hypertension [11], type 2 diabetes
[8], diabetic nephropathy [12], fatty liver disease
[13], and high cardio-metabolic risk [14] also showed
spectacular improvements in metabolic outcomes
and a reduction in major cardiovascular events.
The Lyon and Indo-Mediterranean Diet Heart trials
have demonstrated a striking protective effect of a
Mediterranean-style diet against coronary recurrence
rate and sudden cardiac death in those who already
suffered from a prior myocardial infarction [12, 15].
Modifications of meal timing, diet quality and the
gut microbiome [4, 16] together with regular physical activity [17–19], improved sleep patterns [20, 21]
and a reduction in mental stress [3, 22, 23] have also
been shown to improve cardiovascular outcomes in
those at risk.

3

1.3. Aims of LIVEPLUS

The primary aim of the LIVEPLUS study is to
assess the effectiveness of a 12-month intensive
lifestyle intervention which combines a 5:2 pescovegetarian diet, physical activity and stress reduction
training, on macrovascular coronary disease (CCTA
assessed LAP volume) and microvascular disease
(MRI measured stress myocardial perfusion). Secondary aims are to identify changes in other
cardiovascular and metabolic/molecular adaptations
to this lifestyle intervention. At the centre of the
LIVEPLUS study program is digital health ecosystem delivered via a smartphone app (Fig. 2) [31]. Such
a digital solution, if proven to be effective, is readily
scalable and translatable for incorporation into clinical practice across diverse health care systems at a
cost these systems can sustain.
2. Methods
2.1. Study design
LIVEPLUS is a parallel-group, randomised controlled trial (RCT) with a total sample of 150
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2.2. Eligibility criteria
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Inclusion criteria are; (1) Presence of LAP on
CCTA; (2) 18–80 years of age; (3) BMI >22.0 kg/m2 ;
(4) Able to provide full informed consent; (5) Considered capable of undergoing all study assessments
and adhering to the rigors of the ILP intervention. Exclusion criteria are (1) Non-MRI-compatible
implanted devices; (2) Estimated glomerular filtration rate (eGFR) <30 mL/kg/1.73 m2 ; (3) Inability
to exercise via supine ergometer; (4) Contraindications for adenosine or glyceryl trinitrate; (5) Previous
severe allergic reaction to iodinated contrast media;
(6) Pregnancy or breastfeeding; and (7) History of
any chronic disease process that could interfere with
the interpretation of results.
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Fig. 2. LIVEPLUS randomised clinical trial.

2.3. Recruitment
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Participants who have undergone a clinically indicated CCTA within the past 3 months will be recruited
if they have quantifiable LAP (plaque within –30
to 150 HU range). At least two experienced CCTA
reporters will evaluate the coronary tree for the
presence of such plaque. In the general cardiology outpatient population, we expect approximately
20–40% of patients to have LAP. The predominant
source of referral for clinically indicated CCTA at
RPA for this study will be from a single large academic clinical practice (Central Sydney Cardiology,
RPAH Medical Centre) and from patients who have
attended the RPA Radiology Department for a clinically indicated CCTA.

O

Fig. 3. Study flow. ILP, intensive lifestyle program; OMT, optimal
medical therapy.
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participants. A 1:1 allocation ratio will be applied
to either the intervention group (ILP + OMT) or control group (OMT). Participants in both arms will be
followed up over a period of 12 months. A comprehensive set of outcome assessments will be performed
prior to initiating the intervention, with follow-up
assessments at month 1, 6 and 12 (Fig. 3). This
study has been approved by the Sydney Local Health
District Ethics committee (2020/ETH01273). Study
visits will take place at the Charles Perkins CentreRoyal Prince Alfred Hospital (CPC-RPA) clinic,
Royal Prince Alfred Hospital Department of Radiology, and the North Shore Radiology and Nuclear
Medicine (NSRNM) facility, Sydney.

2.4. Pre-screening and consent
Following a pre-screening telephone call, an initial
video call will take place with eligible, potential participants. During this video call, the research team
will deliver a short presentation to the participant
to explain the rationale, implications and constraints
of the protocol, known side effects and any risks
involved in taking part. There will be an opportunity for participants to ask questions and discuss
any details of the study. Willing participants will be
invited to the CPC-RPA clinic to obtain electronic
informed consent through REDCap. Any participant
judged by the research team to not possess the capacity for fully informed consent will be excluded from
the study, as per the study exclusion criteria.
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2.5. Baseline visits
Following consent, participants will be enrolled
into the study and undergo a number of clinical
baseline assessments. The exact timing of these
assessments will be flexible (e.g., due to participant or
equipment availability) and can be spread over a number of days, however a potential schedule is shown in
Table 1.

(1 per month), and complete multichoice questions
at the end of each module to assess learning and
provide automatic feedback. The content of the 12
education modules (Table 2) is informed by evidencebased, peer-reviewed research carefully rewritten into
lay language, making them accessible and engaging, particularly to those who are new to such
lifestyle practices. Participants will also be given
online coaching sessions with a dietitian, physical
activity coach, and stress reduction coach (Table 3).
Each coaching session will be tailored to an individual’s progress and needs, using evidence-informed
behaviour change techniques [34]. Each coach will
receive training in delivery of specific behaviour
change techniques to effectively promote change in
relation to each target lifestyle behaviour (i.e. nutrition, physical activity and stress reduction). The
training will be delivered by a UK-registered practitioner health psychologist with expertise in health
behaviour change, and will include use of behaviour
change counselling skills as well as behaviour change
techniques. Additional online coaching calls may be
scheduled to improve adherence to the intervention
if considered necessary by the study team.
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Enrolled participants will be randomised using
random permuted blocks with randomly selected
block sizes, via a web-based randomisation system
in REDCap, and stratified by age, sex, and BMI.
The allocation sequence was generated using blocked
size of 2, 4, 6, and 8 from the R package, blockrand [32]. An uneven block was included in the
middle of the sequence to guard against guessing
the group assignment [33]. Investigators and participants will be blinded to the group allocation until
all baseline measures have been completed, as the
REDCap support statistician is the only individual
with access to the upcoming treatment allocations
within the randomisation list. After the final baseline measurement, the research co-ordinator will use
REDCap to randomise the participant, revealing the
group assignment to the study team and participant
simultaneously. Due to the nature of the intervention, investigators and participants cannot be blinded
during the study, however those performing CCTA,
MRI and statistical analysis will be blinded to group
allocation.
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2.6. Randomisation and blinding
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2.7. Follow-up visits
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Table 1 provides an overview of the follow up visits
and testing procedures which are planned for months
1, 6, and 12.
2.8. Intervention
The ILP+OMT group will continue to receive standard of care treatment, as well as three main lifestyle
intervention components over the 12-month study
period. These will target nutrition, physical activity
and stress reduction. In the context of each target behaviour, participants will be asked to use the
LIVEPULSE app (see section 2.10.1. LIVEPULSE
phone app for details) to read 12 education modules

2.8.1. Nutrition
Several interventional studies have clearly shown
that individuals who consume diets rich in fish and
nutrient-dense minimally processed plant foods have
a lower risk of developing CHD than people who
consume energy dense low-fibre Western diets high
in saturated and trans fatty acids, animal protein and
salt [35–37]. In the LIVEPLUS trial, participants will
be asked to follow a 5:2 pesco-vegetarian diet for
12 months. This diet involves a combination of a
5:2 diet and a pesco-vegetarian diet. The aim of a
pesco-vegetarian diet will be to substitute meat with
fish and processed and refined foods with a range of
minimally processed plant-based foods. Red meats,
including beef, pork, lamb and other red meat products, and poultry including chicken, duck, goose, and
other poultry products are prohibited with this diet.
In addition, individual participants will be asked to
practice a 5:2 diet, which consists of fasting on 2 nonconsecutive days of the week with energy restriction
of around 2000 kJ per day for women and around
2500 kJ for men.
During the first 4 weeks of the intervention, participants will receive fresh ingredients and recipes from
Marley Spoon (a commercial meal delivery service
that provides pre-portioned ingredients and recipes
to designated addresses for meal preparation), which
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Baseline assessment
Visit

1

Notes

2

1 month

3

4
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1
1
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12 month
9

These visits are ﬂexible and tests can be moved around but all
should be undertaken within 1 week of end-intervention.

1

O

Informed consent
Full body examination (including BP,
weight, waist/hip cm, vital signs)
Medical and family history
questionnaires
OGTT
Psychosocial questionnaires
Physical activity assessment (Fitbit
& 7-Day PAR)
Food diary assessment
Sleep assessment
(questionnaires and home sleep
study)
Urine and Faeces Sample
MRI
Randomisation
Fasting blood sample (Biochemistry
and Haematology)
DXA
Carotid intima-media thickness
Vascular endothelial function
Autonomic function
Pulse Wave Velocity
6 minute walk test
CCTA

6 month

1

1

1

1

1
1
1

1
1
1
1

1

1

1
1
1
1

1
1
1
1

1
1
1
1
1
1

C

BP, blood pressure; CCTA, coronary computed tomography angiography; DXA, Dual-energy X-ray absorptiometry; OGTT, oral glucose tolerance test; MRI, magnetic resonance imaging; PAR,
physical activity recall.
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These visits are ﬂexible and tests can be
moved around.
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Table 1
Schedule of visits and testing procedures at the CPC-RPA clinic. The MRI scan will take place at the North Shore Radiology and Nuclear Medicine facility
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Table 2
Education content for diet, physical activity and stress reduction components for the intervention group
Diet

Physical activity

Stress reduction

1

Importance of physical activity

Introduction

2
3
4
5

Introduction of Nutritional
Intervention
Pesco-vegetarian diet
Intermittent fasting
Healthy eating
Dietary measurements

FITT principles and safety
Physical activity and the heart
Physical activity and the blood vessels
Physical activity and obesity

6

Fats

Physical activity and mental health

7

Carbohydrates

Physical activity and glucose metabolism

8
9
10
11

Protein
Meal planning
Nutritional labelling
Dietary patterns and
cardiovascular health
Review

Physical activity and fat metabolism
Physical activity and skeletal muscle
Physical activity and inflammation
Physical activity and brain health

Simple Awareness
Attention and the Brain
Dealing with Thoughts
Biological Basis of Stress:
Responding vs. Reacting
Dealing with Difficult
Emotions of Physical Pain
Mindfulness and
Communication
Self-Compassion Cultivation
Social Connectedness
A Closer Look at Happiness
On Relationships

Physical activity and cardiorespiratory fitness

Conclusion

O
O
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Month

FITT: frequency, intensity, time, type.

Month 1
Week 1
Week 3

Month 2
Week 5
Week 7

Week 9

1 hour
1 hour
1 hour

30 min
30 min
30 min

30 min
30 min
30 min

TE

30 min
30 min
30 min

EC

Dietitian
Exercise physiologist
Mindfulness coach

D

Table 3
Planned schedule of coaching calls, which can be adapted according to participant preference
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provides lunch and dinner for 5 days per week to assist
with their preparation of a pesco-vegetarian diet. The
menu selected by the participants will be sent to the
study dietitian and the nutritionist of Marley Spoon
to ensure it complies with a pesco-vegetarian diet.
If participants select meal plans with meat, it will
be altered to a pesco-vegetarian diet before delivery.
Participants will be required to prepare their breakfasts each day and light meals on fasting days, and
the study dietitian will provide the recipes for these
meals through the LIVEPULSE mobile app. After the
first 4 weeks, they will meet with the study dietitian
to design their individualised weekly meal plans and
menus to facilitate transition into preparing their own
food. The goal is to improve diet quality but also to
achieve at least 7-8% weight loss, as we have found
this is vital to improve inflammatory, metabolic and
cardiac markers [38]. Strategies to implement dietary
changes, meal planning, healthy recipes and relevant
nutritional information for cardiovascular health will
be discussed during dietitian appointments. Along
with the education modules, other materials related

30 min
30 min
30 min

Month 3
Week 11
30 min
30 min
30 min

Months 4–12
Monthly
30 min
30 min
30 min

to the 5:2 pesco-vegetarian diet (e.g. recipes for a
pesco-vegetarian diet, recipes for fasting days, food
sources that are rich in iron) will also be delivered via
the LIVEPULSE mobile app.
2.9. Physical activity
There is strong evidence that reducing sedentary
behaviour and increasing overall physical activity
level is associated with reduced cardiovascular events
and mortality [39]. Participants will be given an individualised home-based programme which will be
based on the guidelines from the American College of
Cardiology Foundation/American Heart Association
to manage individuals with stable ischemic heart disease [40]. The principles we will advise include; 1) to
perform 30 to 60 minutes of moderate-intensity aerobic physical activity, such as brisk walking, at least
5 days and preferably 7 days per week; 2) increase
daily lifestyle physical activity (e.g. walking breaks
at work, gardening, household work); and 3) perform resistance training at least 2 days per week. We

S. Cassidy et al. / LIfestyle VulnErable PLaqUe Study (LIVEPLUS)

(about 20 minutes, once per week). Breathing and
yoga videos have been created by our research team
to guide participants through their practice. Example breathing and mindfulness practices include slow
breathing at six breaths per minute, alternate nostril
breathing, sitting meditation, and mindful yoga.
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2.10.1. LIVEPULSE mobile app
LivePulse is a health data collection, management
and intervention tool consisting of a mobile app for
participants and a web dashboard for the research
team to use. The app allows participants to create
personalised goals, receive reminders, access educational materials, record and share their health data
(weight, exercise, diets etc.) with the research team.
The app is publicly available both on the Apple App
Store and on the Google Play Store in Australia. The
underlying technology of the app has been implemented in similar apps created by the developer,
Vulsen, for other research studies, some examples
include: Success CKD [45], and My Home Hemo
[46]. Key features of the app include;
1-Education: Each component of the ILP (nutrition, physical activity and stress reduction) has 12
online modules, and each will be released on a
monthly basis for participants to read and interact
with. Interactive components include multi-choice
questions [26] (Table 2). Video content will be
updated throughout the study and will include expert
interviews, exercise sessions, breathing techniques
and yoga sequences.
2-Monitoring: Participants themselves and members of the research team will be able to monitor
progress through a number of app features, including
weekly entry of body weight, upload of food images
and logging mindfulness practice. The app will also
extract data on physical activity and sleep from the
Fitbit device, and in response to participant progress,
the app has a facility for research team members to
send short messages and reminders to participants,
individually and as a group [47, 48]. The app includes
a multi subject weight change simulator to predict
whether participants are on track with reaching their
dietary goals as evidenced by their weight loss trajectory. The algorithm is modelled from the participant’s
entry of age, height, gender, and regular updated body
weight inputs, as well as our input of their target calorie deficit required to achieve the desired percentage
weight loss of 7–8% after 1 year. If a participant falls
outside of their error region at any point throughout
the study, they will be given the opportunity to receive
enhanced support.

EC

2.10. Stress reduction

TE

D

do not have one specific training programme for all
individuals, but rather these general principles will
be individualised based on baseline activity levels
and progress throughout the year. To measure baseline activity, participants will wear a Fitbit Inspire 2
physical activity tracker for 7 continuous days and
will complete a PAR questionnaire. Fitbit Inspire 2
is equipped with 3-axis accelerometer and optical
heart-rate tracker, however it lacks GPS receiver for
accurate distance data. The Fitbit device will enable
the researchers to access minute by minute step count,
heart rate and heart rate variability for all participants,
as well as information about duration and timing of
sleep, and participants will be asked to wear it for 12
consecutive months. The goal for all participants will
be to reach at least 150 minutes of moderate-intensity
aerobic physical activity per week within the first 3
months. If participants respond well during the first 3
months of the physical activity intervention, the following 9 months (month 4–12) will aim to vary the
prescription in terms of mode, duration, and intensity. Alongside the education modules, the team have
also developed a number of exercise circuit videos
aimed at a range of intensities to suit a broad range of
fitness and confidence levels, which will be available
for viewing anytime via the LIVEPULSE app.
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Chronic stress is an independent risk factor for
atherosclerosis [41]. Body-inclusive stress reduction
techniques, such as slow breathing [22, 23], gentle
yoga [42], and mindfulness [43], have been shown
to improve hypertension and autonomic (cardiovagal) function, as well as mental health and quality
of life. In the LIVEPLUS trial, the 12-month stress
reduction program will draw techniques from Mindfulness Based Stress Reduction (MBSR) and will be
supplemented with additional slow and pressurized
breathing techniques, gentle yoga, and concepts from
positive psychology on evidence-based tips for cultivating happiness and social connectedness. MBSR is
a specific mindfulness approach that integrates various mindfulness meditation techniques, as well as
gentle hatha yoga, and has been shown clinically and
supported by systematic reviews to be beneficial for
cardiovascular and mental health [44]. Each month,
participants will be introduced to new stress reduction educational content through the app, as well as
asked to practice a new breathing (for about 5–10
minutes, 6 days per week) and mindfulness technique

S. Cassidy et al. / LIfestyle VulnErable PLaqUe Study (LIVEPLUS)
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3.1.2. Stress myocardial blood ﬂow (MBF,
ml/min/g)
Stress MBF will be measured at baseline and at
12 months follow-up during an MRI examination
at North Shore Radiology and Nuclear Medicine
(NSRNM). The duration of the research MRI examination will be approximately 1.5 hours, with a total
visit duration of approximately 2 hours.
The cardiac MRI examination will include the
assessment of LV diastolic function at rest and exercise, as well as myocardial perfusion at rest and
during different types of stress.
Graded exercise testing will be performed using a
supine ergometer while the participant is lying supine
in the MRI scanner. The work rate will be increased
gradually with a total exercise duration of approximately 8–12 minutes [51]. Assessment of diastolic
function at stress will be performed immediately after
supine ergometry.
The study utilises the same intravenous
gadolinium-based contrast agent that is used
clinically to assess myocardial perfusion. The
cardiac MRI myocardial perfusion images will be
acquired at rest, and during the following stress
protocols.

D

2.11. Control

SOMATOM Force 2 × 192 slice Dual Source scanner and will take approximately 10 minutes, with
a total visit duration of approximately 30 minutes.
Coronary images will be transferred to a workstation
with the use of plaque- analysis software. This software will produce colour-coded maps overlaid with
differentiated plaque categories by Hounsfield Unit
(HU) values, and those with LAP (–30 to 150 HU)
will be invited into the study. LAP volume has been
consistently shown to be the best marker of instability and strongest prognostic predictor of a future
adverse CV event. CCTA readers will be blinded to
group allocation.

PR

3-Goal setting: Participants will be encouraged
to set short- and long-term behavioural and outcome
goals (e.g., dietary, physical activity and weight),
which will be discussed and adapted over the duration
of the intervention with the research team coaches
[48].
4-Social networks: Participants will be encouraged to connect with other users of the app using the
group messaging function to facilitate social support.
5-Just-in-time adaptive intervention (JITAI):
Intervention arm participants will receive personalised messages prompting physical activity using
JITAI. JITAIs aim is to optimise delivery of intervention components in terms of the right time and
location for patients. Micro-randomised trials (MRT)
offer a way to optimise such interventions by enabling
modelling of causal effects and time-varying effect
moderation for individual intervention components
within a JITAI [49]. For this reason, we will perform
an MRT within the intervention arm.
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OMT group participants will continue to receive
standard of care treatment but will also be given a
Fitbit device, and offered video-call appointments
with a study dietitian every 3 months. In addition,
they will be instructed to follow the American Heart
Association (AHA) Diet and Lifestyle Recommendations to include physical activity [50] and stress
reduction. The study dietitian will summarise the content on healthy lifestyles from the AHA website into
8 modules of educational materials. These materials will be delivered to participants each month via
email for the first 8 months of the study. The content
will cover general healthy eating, healthy meal planning and preparation, and tips to increase vegetable
intake. They will also be offered the stress reduction
programme at the end of the study.

3. Outcomes
3.1. Primary
3.1.1. Low-attenuation plaque (LAP) volume
(mm3 )
LAP volume will be measured at baseline as part
of a clinically indicated CCTA and at 12 months
for the purpose of this study. CCTA will be performed at Royal Prince Alfred Hospital on a Siemens

(i) Adenosine stress
Intravenous adenosine infusion will be administered at 140 g/kg/min via a peripheral intravenous
cannula. This is the same protocol as is used at invasive coronary physiological assessment.
(ii) Cold-pressor testing (CPT)
CPT will be carried out, as previously described,
by immersing the hands or feet of the participant in
ice water measuring at approximately 0–4◦ C for a
duration of 4 minutes. Continuous blood pressure and
heart rate will be recorded at one minute intervals

S. Cassidy et al. / LIfestyle VulnErable PLaqUe Study (LIVEPLUS)

Exogenous nitrate is utilised to vasodilate the coronary arteries and assess for endothelial dysfunction.
300 mcg sublingual GTN will be given just prior to
acquisition of cardiac MRI images.
3.2. Secondary outcomes
The secondary outcomes to be conducted are listed
below. For detailed information on each one, please
see the supplement.

•

•
•
•
•

3.4. Safety reporting

Adverse Events (AE) and Serious Adverse Events
(SAE) will be recorded and reported throughout the
study to monitor and ensure participant safety. The
following information will be reported: description,
data of onset and end date, severity, assessment of
relatedness to trial intervention or device, and action
taken. A team of physicians, including cardiologists,
will use their clinical judgement to decide whether an
AE is of sufficient severity to remove the participant
from the study. SAE will be reported to the primary
investigator within 24 hours of the study team becoming aware of the event. The full course of the SAE,
including any therapy given, will be reported to the
study sponsor. All significant safety issues will be
reported to the local Human Research Ethics Committee and Research Governance Officers.
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•
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•
•
•
•

Perivascular Adipose Tissue
Myocardial inflammation
Diastolic dysfunction
Pulmonary congestion during exercise
Secondary plaque characteristics, including
noncalcified plaque volume, dense calcified
plaque volume and total atheroma volume (TAV,
mm3 )
Liver fat fraction (%) by MRI
Flow-mediated dilatation (FMD) (%)
Carotid intima-media thickness (cIMT) (mm)
Pulse wave velocity (PWV) (m/s) and Augmentation Index (AI) (%)
Heart rate variability (HRV) during wakefulness
and sleep: Low Frequency (LF) and High Frequency (HF) (ms2 )
Heart age by resting electrocardiography
Sleep parameters (total sleep time, Rapid Eye
Movement (REM) and Non-REM (NREM)
durations, respiratory disturbances, and oxygen
saturation)

R
R

•
•
•
•
•

•
•

PR

(iii) Glyceryl Trinitrate (GTN)

◦ Glucose (mmol/L) and Insulin (pmol/L)
◦ Blood pressure (mmHg) including both
central and peripheral pressures
◦ Blood biomarkers
Urinary levels of F2-isoprostane levels
Serum hormones, proteomics, lipidomics,
metabolomics, genetic and epigenetic profiling
of white blood cells
6-minute walk test
Dietary intake (total daily kJ, macronutrient and
micronutrient intake (%))
Time spent in moderate physical activity
Psychometrics

F

throughout the scan, thus about 10–20 minutes before
(depending on how long it takes to finish the initial
scans) and during CPT [52].
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3.3. Exploratory

There are a number of exploratory outcomes,
which are listed below. For detailed information on
each one, please see the supplement.
• Body composition
◦ Weight (kg)
◦ Height (cm)
◦ Waist/Hip ratio (cm)
◦ Dual-energy
X-ray
absorptiometry
(DEXA) body composition
• Intermediate risk factors that are predictive of
developing atherosclerosis

3.5. Sample size calculation
This is a randomised two-arm study design with
2 continuous co-primary endpoints repeatedly measured at baseline and after 12-month follow-up. A
total of 150 participants (75 in each arm) will provide
90% power to demonstrate the efficacy of either outcome. The sample size is based on a 2-by-2 repeated
measures design using each of the co-primary outcomes (PASS 13 Power Analysis and Sample Size
Software (2014)). The conservative Bonferroni correction was applied to control the type I error rate
due to multiplicity test. The significance level (alpha)
is 0.025 using a two-sided, two-sample t-test. The
assumptions specific to each co-primary outcome are
defined below:
For Low-attenuation plaque volume, an absolute
mean difference between groups of ≥9.0 mm3 at

S. Cassidy et al. / LIfestyle VulnErable PLaqUe Study (LIVEPLUS)
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This is the first detailed investigation of effects
of ILP on coronary CT coronary plaque modification and myocardial blood flow over an extended
period of time in human participants. Efficacy analyses will be conducted on an ’intention to treat’ basis.
The primary analysis will be performed using Analysis of Covariance (ANCOVA), adjusted for baseline
values [55]. Group comparisons will be two tailed
with a nominal 2.5% significance level to adjust
for the multiplicity testing using Bonferroni method.
Subgroup analyses will be conducted to assess differences in intervention effects across the pre-specified
gender and age subgroups. Tests of intervention effect
modification will be performed by fitting intervention group and the relevant subgroup main effects
and interaction into the models adjusted for baseline
scores. Interpretation of evidence of heterogeneity
of intervention effects among subgroups will remain
exploratory (hypothesis generating) given the study
is not powered to test subgroups.
Many of the secondary endpoints are exploratory
in nature and will need to be confirmed by follow-up
studies. Type-II error, i.e., failing to detect a significant effect when it exists is important to this
study for all secondary and exploratory outcomes.
Thus, all tests of significance for between-group
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3.7. Trial status

Recruitment began Feb 2022.

4. Conclusions

LIVEPLUS will help us to identify how a
mechanism-based comprehensive lifestyle intervention can affect the major and minor vessels in the
heart, perivascular fat, cardiac structure and function, arterial stiffness, endothelial function, and liver
steatosis. The sophisticated clinical, metabolic and
molecular (multi-omic) phenotyping to nutritional,
physical activity and cognitive inputs will provide
a unique platform for cybernetic/systems modelling
responses in patients affected by coronary heart
disease. The data generated will also populate complex systems-based models and provide insights that
drive the discovery of new predictive biomarkers of
disease. Additionally, the smartphone app is an exciting digital health and educational tool, which can
empower individuals to engage with, and sustain, the
lifestyle changes they need as individuals to reduce
their future risk of adverse cardiovascular outcomes
and to track the changes they achieve in a personalised way in near real time. Such a personalised
digital health solution, if proven to be effective, is
ultimately translational and scalable to use in clinical practice and as an educational tool for health care
professionals.

TE

3.6. Statistical analysis plan

comparisons will be performed at the p = 0.05 level
of significance. The primary analysis strategy will
utilise Intention-to-Treat principles. LIVEPLUS is
also interested in mechanistic questions concerning
the effect of ILP, and to address these issues, the
Marginal Structural Model (MSM) of Robins and colleagues [56] will be applied. All major secondary
outcomes are observed repeatedly at well-defined
time points over participant follow-up, so that statistical methods for longitudinal and repeated measures
analysis will be applied. Subgroup analyses will be
tested by evaluating the treatment by subgroup interaction. Withdrawal from the intervention, drop-out
from the study, or death (if any) will be analysed using
the standard techniques for survival data.

D

12-month is expected to declare the efficacy of the
intervention (ILP + OMT) over the control (OMT).
The control group mean (standard deviation) is 39.0
(12) mm3 and 32.3 (15) mm3 at baseline and after
12-month follow-up respectively [53]. A correlation
of between measurement pairs of 0.50 is assumed.
For Myocardial blood flow, an absolute mean
difference between groups of ≥0.4 ml/min/g at 12month is expected to declare the efficacy of the
intervention (ILP + OMT) over the control (OMT).
The control group mean (standard deviation) is 2.71
(0.61) mL/min/g and 2.55 (0.57) mL/min/g at baseline and after 12-month follow-up respectively [54].
A correlation of between measurement pairs of 0.50
is assumed. The overall sample size allows for a
20% attrition rate. Identifying eligible participants,
enrolling them into the study, and maintaining their
commitment to this intensive intervention over a
period of 12 months can be challenging. However, the
enrolment of 150 participants over a period of 34–36
months is thought to be feasible with the resources
available based on previous research.
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