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Abstract

Background: Long-term adherence to exercise is often poor for people with coronary heart disease (CHD) who have com-
pleted supervised, centre-based cardiac rehabilitation. The aim of this study is to assess the feasibility of a remotely pre-
scribed, delivered and monitored cardiac rehabilitation intervention using a wearable device to support long-term
adherence to exercise and physical activity during maintenance of cardiac rehabilitation.

Methods: After completing cardiac rehabilitation, 30 participants with CHD, will be randomised (1:1) to an intervention (n= 15)
or a usual care group (n= 15) in a 12-month feasibility randomised controlled trial (RCT). The intervention will comprise of an
exercise consultation, personalised exercise prescription delivered via a wearable activity monitor using biometric feedback,
regular monitoring via check-ins, and feedback text-messages for 6-months. Participants will be assessed at baseline (following
completion of cardiac rehabilitation) and at three-, six-, and 12-months post-randomisation. The primary outcome will be feasi-
bility, including assessment of eligibility, recruitment, adherence, and acceptability. Secondary outcomes will include exercise
capacity, physical activity behaviours, cardiovascular disease risk and quality of life. Semi-structured interviews will be con-
ducted at three-, six-, and 12-months post-randomisation (and with those who drop-out) to explore the acceptability of the
study intervention and procedures. A questionnaire will be offered to those who decline participation.

Discussion: The MAINTAIN study will evaluate the feasibility of conducting a future definitive multi-centre RCT testing a
remotely prescribed and monitored long-term mHealth maintenance exercise programme, versus usual care, for people
with CHD who have completed cardiac rehabilitation.

Trial registration number: ClinicalTrials.gov, NCT05292287. Registered on 22/03/2022
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Introduction
Approximately 2.3 million people in the UK are living with
coronary heart disease (CHD), requiring long-term manage-
ment and support.1 This costs in excess of £7 billion in the
UK, highlighting not only a personal cost for those affected
but also a substantial economic burden.2 Long-term man-
agement of CHD is multi-faceted, including a combination
of medical, pharmacological and lifestyle interventions
such as cardiac rehabilitation (CR),3 all of which are recom-
mended by the National Institute for Health and Care
Excellence (NICE).4

Home and centre-based exercise rehabilitation programmes
can improve exercise capacity, cardiovascular disease risk
markers, quality of life and psychological health in the
short- to medium-term.5,6 Home-based CR is also considered
a safe alternative to centre-based CR.7-9 However, physical
activity (PA) and exercise discontinuation after supervised
CR can have detrimental effects on health, leading to a
higher risk of recurrent cardiovascular events, hospitalisation,
and premature mortality.10 To prevent these negative health
outcomes, discharge plans are created on completion of CR
which include advice on maintaining PA and exercise as a
key part of secondary prevention models.11,12 However, due
to limited resources, long-term plans are often difficult to
implement with direct supervision or follow-up.
Consequently, long-term adoption of favourable PA and exer-
cise behaviours is rarely successful, with sporadic mainten-
ance of health-outcomes in cardiovascular disease.13,14

Whilst centre-based CR is “gold-standard” there are
often barriers to attending, including time availability,
transport, travelling distance, financial responsibilities,
and work and family commitments.15 Alternatively, home-
based CR may provide many benefits such as an increased
capacity to deliver CR, the potential to personalise pro-
grams, and the ability to be more flexible with scheduling
and to remove the barriers associated with travelling to
CR centres.7 Furthermore, the COVID-19 pandemic and
subsequent government-enforced lockdowns and social dis-
tancing measures have been detrimental to PA participation
and almost half of CR services halted all rehabilitation.16,17

During this time, face-to-face CR was suspended, which
increased the demand for remotely monitored and pre-
scribed home-based exercise programs using telephone
calls and/or live video conferencing, often referred to as
mHealth.17-19 To improve the effectiveness of these pro-
grammes, wearable activity devices, providing biometric
feedback on a range of variables, can be used to support
personalised exercise prescription.20,21 These devices may
also support improvements in cardiometabolic risk
factors, such as inactivity, systolic blood pressure and low-
density lipoprotein cholesterol.22,23 When combined with
personalised text messages from health professionals, wear-
able activity monitors are often more effective at improving
exercise and PA behaviour.24,25 Thus, remotely monitored

and prescribed CR programs supported by wearable activity
monitors may be a feasible alternative or adjunct to centre-
based CR during pandemic scenarios.21 Two pilot rando-
mised controlled trials (RCTs)26,27 reported the potential
of wearable activity monitors to support PA maintenance,
but only for a period of eight-12 weeks. Whilst wearable
activity monitors have been associated with higher short
term exercise adherence in clinical populations, longer-term
data are sparse and less convincing.28 Thus, understanding
the effectiveness of long-term home-based CR maintenance
programmes using mHealth is ever more essential to over-
come both traditional and recently emerging barriers to
centre-based CR.

Rationale for a randomised controlled trial

To improve quality of life and other health outcomes, emer-
ging mHealth technologies may help to bridge the gap
between CR teams and people with CHD in the long-term
maintenance phase of CR. Assessing the ability of novel
mHealth-assisted prescription and monitoring of personalised
exercise may help to reduce secondary cardiovascular disease
risk, when transitioning from supervised to independent exer-
cise. Despite the potential for long-term benefit, it is equally
important to consider the acceptability of these technologies
from the perspective of the patient. Furthermore, previous
research has not tested newer wearable devices which can
‘coach’ the user by remotely delivering exercise programmes
in real-time, ensuring that the correct intensity, duration, and
technique are achieved with the support of haptic feedback.
This capacity to deliver immediate feedback to the user,
whilst data are synchronised to an online web platform access-
ible to an exercise physiologist, may help people to maintain
the PA and exercise behaviours achieved during CR.29

Consequently, for people with CHD, a feasibility RCT is
needed to evaluate a long-term remotely prescribed and mon-
itored exercise intervention supported by a wearable activity
monitoring device providing real-time biometric feedback.

The reMote mAINTenance cArdiac rehabilItatioN
(MAINTAIN) study aims to investigate the feasibility of
conducting a full-scale RCT testing a remotely prescribed
and monitored long-term maintenance exercise programme
supported by mHealth, compared to usual care, for people
who have recently completed supervised or home-based
centre-based CR.

Objectives

1. Conduct a randomised feasibility study with 30 partici-
pants randomised (1:1) to a remotely prescribed and mon-
itored exercise intervention or usual care. Process-related
measures will include eligibility, recruitment, and adher-
ence to the intervention. Physiological, clinical, and
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health-related measures will include functional capacity
and health-related quality of life (HRQoL).

2. Conduct a qualitative analysis to explore the views, per-
ceptions, acceptability, and experiences of participants
regarding the remotely prescribed and monitored exer-
cise intervention and all trial procedures.

Methods

Study design

TheMAINTAIN study is a single centre, assessor blind, feasi-
bility RCT, including a qualitative sub-study. The Standard
Protocol Items: Recommendations for Interventional Trials
(SPIRIT) guidelines were followed to develop this protocol.30

Study setting

Recruitment will be carried out at an outpatient community
CR centre at University Hospitals Coventry &
Warwickshire (UHCW) NHS Trust (Figure 1). The study
summary according to the World Health Organization
(WHO) Trial Registration Data Set is outlined in Table 1.

Eligibility criteria

Table 1 presents the inclusion/exclusion criteria for people
with CHD that are eligible to participate in the planned
feasibility RCT.

Participant identification, recruitment, and informed
consent

Potential participants will be identified from existing super-
vised or home-based CR attendees at UHCW NHS Trust
by the clinical team on site (Figure 1). Screening logs will
be completed when assessing eligibility, and reason(s) for
non-participation will be recorded beginning on the 30th of
March 2022 until 30 participants are randomised. Potential
participants will be approached by the clinical team either
in person, or via phone call, email, or post. Those who are
interested will be given information about the study verbally
and in a printed participant information leaflet. Once willing-
ness to participate has been confirmed, the participant will be
asked to attend a baseline assessment to confirm eligibility
and complete written informed consent.

Randomisation, allocation concealment, and
blinding

Following completion of all baseline outcome measures, par-
ticipants will be randomised to the intervention or control
arm on a 1:1 ratio using a computer-validated randomisation
system (Sealed Envelope Ltd, www.sealedenvelope.com)

independent of the researchers to maintain allocation
concealment according to the SPIRIT guidelines.25 The
MAINTAIN intervention and semi-structured interviews
will be completed by a researcher (FD) who will not be
blinded to group allocation. All follow-up outcomes will
be collected by research staff (AW) not involved in interven-
tion delivery and will be blinded to group allocation.
Participants will be asked not to inform the follow-up
outcome assessor of their allocation.

Control intervention: usual care

Participants randomised to usual care will not receive any
trial-related treatment or support. Usual care at a CR exit
assessment will involve an agreed exercise and physical
activity plan from an exercise physiologist to maintain
their lifestyle behaviour changes. After completing all the
follow-up assessments, however, they will be offered a
wearable activity device used in this RCT (Polar Ignite©,
Polar Electro Oy, Kempele, Finland) along with the
device instruction manual to keep.

The MAINTAIN intervention

Pre-intervention. Participants randomised to the interven-
tion arm will receive a participant pack by post including
a Polar Ignite watch (figure 2) and set up instructions to
download the ‘Polar Flow- Sync & Analyze’ mobile appli-
cation or the ‘Polar FlowSync’ data transfer software
(https://flow.polar.com/start). Participants will log into an
account created by the researcher using the participant’s
email address and password known only to the participant
and researcher. Participants will link their ‘Polar flow’
account to the ‘Flow for Coach’ group to allow the
researchers to remotely prescribe and monitor PA and exer-
cise. To extract participant data from the watch, Polar
accounts will be linked to the research team using an appli-
cation programming interface.

Exercise Consultation. Each participant in the interven-
tion arm will meet (either in person or via video call) with a
clinical exercise physiologist to plan their exercise prescrip-
tion in accordance with clinical guidelines and personal pre-
ferences.34 The Polar Ignite© and Polar Flow application
functions will be explained and demonstrated to ensure par-
ticipants are confident using the technology. They will also
be signposted to behaviour change resources and diagnosis-
specific educational information from the British Heart
Foundation (https://www.bhf.org.uk/informationsupport).
Following this consultation, the exercise physiologist will
schedule the participant’s agreed prescription into the
online platform.

Exercise prescription, delivery, and biometric monitor-
ing. Prescribed exercise sessions will be visible to the par-
ticipant on the provided fitness watch and on the web or
application service. Participants who will perform
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Figure 1. Schedule of enrolment, interventions, and assessments.
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Table 1. World health organization trial data set.

Data category Information

Primary registry and trial identifying
number

NCT05292287

Date of registration in primary registry 22/03/2022

Secondary identifying numbers REC reference: 21/LO/0705
IRAS Number: 302243
Protocol number: P121990

Primary sponsor Coventry University
Priory Street
Coventry
CV1 5FB
hls.rso@coventry.ac.uk

Secondary sponsor N/A

Contact for public queries Email: dentonf@uni.coventry.ac.uk

Contact for scientific queries Francesca Denton
Centre for Sport, Exercise and Life Sciences
Research Institute for Health & Wellbeing
Coventry University
CV1 5FB
Email: dentonf@uni.coventry.ac.uk

Public title Long-term CR using remote exercise prescription and monitoring via a wearable device

Scientific title reMote mAINTenance cArdiac rehabIlitatioN (MAINTAIN): a randomised controlled feasibility
study

Countries of recruitment England

Health condition(s) or problem(s)
studied

Coronary heart disease

Intervention(s) Intervention group: initial exercise consultation; personalised exercise prescription delivered
via a Polar Ignite watch; monitoring via check-ins and feedback text-message support.
Control group: usual care

Key inclusion and exclusion criteria Inclusion: Coronary heart disease; Completed a community centre-based CR programme;
clinically stable (symptoms and medication), access to a smartphone with Bluetooth capacity
or a computer/laptop/tablet; able to walk unaided; able to provide informed consent.
Exclusion: Absolute contra-indications to exercise as per international clinical guidelines 31;
Any serious mental health/cognitive issue that will prevent engagement with study
procedures or increase the risk of exercise complications; atrial fibrillation or other
arrhythmia preventing accurate heart rate monitoring; allergies to the watch materials

Study type Type: feasibility, interventional, single centre
Allocation: randomised
Assignment: parallel
Masking: outcomes assessor

Date of first enrolment TBC

(continued)
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bodyweight or resistance exercise will be sent guidance
using Physiotec (Physiotec HEP, 1996-2022), accessible
via an email link, or printed, to ensure exercises are com-
pleted safely and effectively without supervision.
Participants will be advised to follow the agreed exercise pro-
gramme and adhere to the watch’s haptic vibration feedback
to guide heart rate and duration. All data produced during the

sessions will be stored on the watch for subsequent synching
to the polar flow platform following each exercise session.

Individualised exercise prescription. For participants in
the intervention arm, exercise prescriptions will be persona-
lised based on outcome assessments, exit assessments of the
community CR programme, and exercise data collected
during CR. Target heart rates will be based on heart rate
prescriptions followed during the participant’s phase III
CR, calculated by taking into consideration beta-blocker
medication and responses on the 6–20 Borg rating of per-
ceived exertion (RPE) scale to monitor intensity. All exer-
cise sessions will include a warm-up and cool-down.
Initially, participants will be advised to exercise at least
twice per week, progressing to the recommended ≥3 ses-
sions per week as tolerated in accordance with the
Association of Chartered Physiotherapists in CR.35

Check-ins. At the end of the first-month post-allocation/
randomisation, participants will attend a check-in with an
exercise physiologist either in person or via video or tele-
phone. Data will be reviewed to progress exercise and PA
behaviour through goal setting, whilst troubleshooting any
issues. The participant’s exercise programme will be
updated for months two and three. Subsequent check-ins
will take place at the beginning of month four, providing
updated goals and exercise prescriptions for months four to
six, and at the beginning of month seven, updating goals
and exercise prescriptions for months seven to 12 of the inter-
vention. At the final check in, instructions for creating and
developing a polar flow training plan, either via a web
service or via the Polar Flow application, will be provided

Table 1. Continued.

Data category Information

Target sample size 30

Recruitment status Ready to start recruitment

Primary outcome(s) Feasibility and process-related outcomes: number of patients screened, eligible, recruited,
randomised, withdrawn, and retained; adherence to a remotely prescribed and monitored
exercise programme; physiological, clinical, and patient-reported outcomes to identify a
primary outcome for a definitive trial; acceptability of the interventions and trial procedures
via qualitative interviews

Key secondary outcomes At baseline, three-, six- and 12-months post-randomisation: exercise capacity – incremental
shuttle walk test (ISWT); physical activity and sedentary behaviour – Actigraph GT3X+ ;
cardiovascular disease risk – SMART (Second Manifestations of ARTerial disease) risk score
(history, smoking, blood pressure, full lipid profile, estimated glomerular filtration rate
(eGFR), and high-sensitivity C-reactive protein (hsCRP); HRQoL – MacNew Quality of Life
Questionnaire; depression – Patient Health Questionnaire (PHQ-9); anxiety – Generalised
Anxiety Disorder 7-Item Scale (GAD-7); self-efficacy – General Self-Efficacy Scale (GSE);
activation – patient Activation Measure (PAM); health utility – EQ-5D-5L; health and social
care resource use – Client Service Receipt Inventory (CSRI); adverse and serious adverse
events.
Monthly: Exercise - Godin Leisure Time Exercise Questionnaire

Figure 2. The polar ignite watch used in the intervention arm.32,33.
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to encourage participant independence. Plans to overcome
individual barriers will be discussed to create an action plan.

Remote exercise monitoring. Participants will be advised
to synchronise the watch daily and will be asked to wear the
watch according to the manufacturer’s recommendations
whilst exercising. The watch display will guide participants
through exercise sessions, whilst simultaneously collecting
the exercise data. Following each exercise session, partici-
pants will be instructed to synchronise the watch with the
Polar Flow application, rate the perceived load of the
session based on an RPE from one to 10 (1 classified as
‘very, very easy’, and 10 classified as ‘maximal’), use a
five-point Likert scale to rate how they feel, and provide
feedback on the exercise session’s intensity, duration, and
their enjoyment levels. Participant responses will guide
text message feedback.

Personalised text message feedback. Personalised text
message feedback will be gradually tapered between months
one, two-three, four-six, and seven-12. Initially messages
will be sent after every session, reducing to weekly, biweekly,
and then ceasing, respectively. Two-way conversation will be
possible between the exercise physiologist and the participant
to troubleshoot any issues. Participants completing ≥2 ses-
sions will receive positive feedback text messages. Those
completing one session per week will receive positive feed-
back, but with additional encouragement to complete ≥2 ses-
sions. Participants who have not completed any sessions over
a two-week period will receive a text message asking if they
need support, and the exercise prescription will be amended
accordingly following breaks in training. Participants will
also be able to complete and record additional unprescribed
ad-hoc exercise sessions.

Theoretical behavioural underpinning: The intervention
is designed based on the principles of the COM-B model of
behaviour change (capability, opportunity, motivation, and
behaviour)36 with embedded behaviour change techniques.
In the context of this study, capability is addressed by
increasing the participant’s confidence when completing
remotely monitored exercise sessions, and by identifying
key barriers and how to overcome them during the initial
exercise consultation. The provision of British Heart
Foundation educational resources will provide knowledge
on risk factors. Opportunity relates to removing the
barrier of travelling to a centre to exercise, as well as the
provision of feedback text messages and prompts from
the watch to exercise. Motivation will be addressed using
goal setting and feedback text messages.

Safety

The exercise physiologist delivering the intervention will be
an experienced CR practitioner. The assessments will be
performed in a cardiopulmonary rehabilitation centre with
appropriately trained staff and emergency equipment.
Condition-specific monitoring of exercise responses, as

per cardiopulmonary rehabilitation guidelines will reduce
and manage risk.31 The remotely prescribed and monitored
exercise and lifestyle PA will replicate exercise performed
during the participant’s CR programme.

Outcome measures

Primary outcome – feasibility and process related
measures:

1. The number of patients screened, eligible, recruited,
randomised, withdrawn, and retained.

2. Adherence to the intervention in relation to the number
of prescribed exercise sessions completed at the pre-
scribed intensity/duration.

3. Physiological, clinical, patient-reported outcomes to
identify a primary outcome for a future definitive RCT.

4. Acceptability of the intervention and trial procedures
via qualitative analysis of semi-structured interviews.

Secondary outcomes. Physiological, clinical, and participant-
reported outcomes will be assessed at baseline, and at three-,
six-, and 12-months post-randomisation for both the interven-
tion and control arms (Figure 3). Questionnaires will be com-
pleted using Qualtrics (Qualtrics, Provo, UT) or a paper
version.

Assessments

Exercise capacity will be assessed with the Incremental
Shuttle Walk Test (ISWT).37 This involves a 10-m shuttle
walk at a steady pace to the timing of an audio track until
the participant cannot maintain the required speed. RPE,
heart rate and symptoms will be monitored throughout.

PA and sedentary behaviour will be assessed with an
Actigraph wGT3X+ triaxial accelerometer, worn on a
belt around the waist during waking hours for seven days
after each follow-up timepoint. This device is reliable in
the measurement of PA at various intensities, and sedentary
behaviour, during free-living conditions.38,39 Exercise time
and intensity will be assessed monthly using the Godin
Leisure Time Questionnaire (GLTEQ).40

Cardiovascular disease risk will be evaluated using the
Second Manifestations of ARTerial disease (SMART)
risk score.41 The score accounts for medical history,
smoking status, blood pressure, full lipid profile, estimated
filtration rate and high-sensitivity C-reactive protein. Blood
samples (5 mL) will be collected using standard venepunc-
ture techniques. Participants will be asked to refrain from
participating in exercise for 24 h. Serum will be separated
by centrifuging samples at 3000 rpm for 10 min before
being aliquoted and frozen at −80 °C. Following analysis
samples will be disposed of in accordance with the UK
Human Tissue Act.
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Figure 3. MAINTAIN feasibility randomised controlled trial flow chart.
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Disease specific HRQoL will be measured using the
MacNew Quality of Life Questionnaire,42 which is a reliable
and valid questionnaire to assess HRQoL in people with
CHD. Depression will be assessed with the Patient Health
Questionnaire (PHQ-9)43 which is a valid nine item question-
naire,44 and anxiety will be measured using the Generalised
Anxiety Disorder 7-Item Scale (GAD-7),45 which is a self-
report questionnaire comprised of seven items, valid for meas-
uring generalised anxiety disorder. Self-efficacy will be
assessed using the general self-efficacy scale (GSE),29 which
is a 10-item psychometric scale designed to assess optimistic
self-beliefs to cope with a variety of difficult demands in
life. Patient activation, a measure of how able a person can
manage their own health, will be assessed with the Patient
Activation Measure® (PAM®),46 a valid and reliable question-
naire useful at an individual level across a range of chronic
conditions.

Health utility will be measured using the EQ-5D-5L47

questionnaire, which is a validated, generic HRQoL
measure consisting of five dimensions to create a health
utility score. Health and social care resource use will be
assessed using an adapted Client Service Receipt
Inventory to examine the feasibility of collecting these
data and refine resource use schedules for a definitive
RCT. The cost of delivering the intervention will be
recorded, including staffing, facility, consumables, etc.
To assess the safety of the MAINTAIN trial, adverse
events (AEs) and serious adverse events (SAEs) will be
monitored in accordance with the principles of Good
Clinical Practice.

Sample size

The MAINTAIN feasibility RCT will assess recruitment
rate, adherence, acceptability, and clinical, physio-
logical, and health-related outcomes. The study also
aims to identify a primary outcome and estimate a
sample size to inform a future definitive RCT based on
long-term exercise adherence and health outcomes
between the two treatment arms.48 However, assuming
a medium effect size (0.5) for a repeated measures
ANOVA, between two groups over four timepoints
with an alpha of 5% and a beta of 90%, a total of 30 par-
ticipants would be required.49,50 Due to the novelty of
the proposed outcome measures, a medium effect size
will be applied.51

From local data (UHCW NHS Trust), 255 patients per
year have been identified as accessing community CR of
which 212 have a diagnosis of coronary heart disease
(CHD). Over a 24-month recruitment period, this provides
a potential pool of 510 patients. Local audit data suggests at
least 83% of these patients are eligible. Therefore, of these
510 local patients, 423 are potentially eligible, of which we
aim to recruit 30 (i.e., approximately 7%, at an approximate
rate of five per month).

Data analysis

Quantitative statistics will be summarised as mean and
standard deviation (SD) or median and interquartile range
(IQR) for normally and non-normally distributed continu-
ous data, respectively, or frequency and percentage for cat-
egorical data at baseline, three-, six-, and 12-month post
randomisation by treatment arms. Descriptive statistics
will be presented by treatment arms. Data will be assessed
for normality using the Shapiro-Wilks test to assess for het-
erogeneity between groups, baseline values will be com-
pared using independent t-tests or Wilcoxon signed rank
tests. Data regarding the number of participants expressing
interest, eligible, consented, withdrawn, and lost to
follow-up, as well as adherence to remotely prescribed exer-
cise (for intervention arm) and outcomes assessments, will be
summarised by treatment arms. Differences in mean
outcomes between treatment arms at three-, six-, 12-month
post-randomisation, and the difference of the change from
baseline to three-, six-, 12-month post-randomisation
between arms will be calculated and assessed using a
mixed model ANOVA. Assuming the data meet the assump-
tions of an ANOVA, post hoc tests will be conducted on sig-
nificant differences. Partial eta squared will be reported as
effect sizes. All estimates will be reported with a 95% confi-
dence interval. The alpha level will be set at 0.05. No formal
hypothesis testing will be performed. Analysis and reporting
of the MAINTAIN trial will be in line with the CONSORT
statement.52 All primary analyses are planned to be on an
intention-to-treat basis with a secondary per protocol ana-
lysis. The ADePT (A Process for Decision-making after
Pilot and Feasibility Trials)53 framework will be used to
identify and examine any problems which arise with the
methodology. This appraisal of this study will help to find
solutions to problems that arise and influence the process
of progressing to a definitive RCT. All statistical analysis
will be undertaken using IBM SPSS software.

Embedded qualitative study

Semi-structured interviews will be conducted with 10 parti-
cipants from both the intervention and control group at
three-, six-, and 12-months, and with participants who
drop out. The 10 interviewed participants will remain the
same throughout all follow-ups. It will not be possible to
replace dropouts with additional participants. Interviews
will take place via online video call, face-to-face, or
phone call, and will be recorded, pseudonymised, and tran-
scribed verbatim. Questionnaires will be offered to those
who chose not to participate.

Qualitative analysis. Data will be analysed using the-
matic analysis54 in an inductive approach using NVivo©

(QSR International Pty Ltd, Chadstone, VIC, Australia)
software to allow rich and detailed information regarding
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the acceptability of the trial, Polar Ignite watch and inter-
vention. Data will be analysed in the following steps:

1. Data familiarisation: reading and listening to complete
interview transcripts, audio recordings and field notes.

2. Generate initial codes: transcripts will be coded, and
key concepts identified.

3. Searching for themes: codes will generate themes and
subthemes as an output from the data to develop an
initial thematic map.

4. Reviewing themes: codes included in generated themes
will be checked to ensure they create a pattern, and the
validity of the themes will be reviewed to ensure they
represent the whole data set.

5. Defining and naming themes: each theme will be
defined succinctly, and possible subthemes will be
reviewed before naming the theme.

6. Producing the report: data will be analysed and written
up.

Both qualitative and quantitative data will be synthesised to
integrate the overall results. Comparing both data types of
data will reveal any differences or agreements, whilst provid-
ing an overall representation of the intervention’s feasibility.

Data collection and management

Personal data will be handled and stored in accordance with
General Data Protection Regulation and Coventry
University’s confidentiality and data protection policies.
All data will be anonymised, and each participant following
randomisation will be designated a unique trial ID. Data will
be confidentially stored at UHCW, NHS Trust in a secure
location and/or on password-protected computer drive.
During the trial, monitoring will be completed frequently
by research team members including the CI (FD).
Following study completion, data will be archived for up
to 5 years before all essential documentation is transferred
to a third-party archiving service for a minimum of 3 years
after the results have been publicly released or published.

Adverse event (AE) management

An AE will be defined as any untoward medical occurrence
involving a participant, which does not necessarily have a
causal relationship with the intervention or trial. Expected
AEs related to the exercise outcome assessments or inter-
vention including chest pain, muscle and joint stiffness or
soreness, and tiredness/fatigue will be recorded, but not
reported. Unexpected AEs will be assessed for relatedness
and recorded. Expected SAEs will be recorded, but not
reported; these include elective or pre-planned treatment
for a pre-existing condition, and general care, both of
which should not be associated with any deterioration in
condition. Where required, AEs and SAEs will be reported

to Coventry University within 24 h of the CI becoming
aware. The Research Ethics Committee will be notified of
an SAE within 15 days of the CI becoming aware if it is
unexpected and possibly, probably, or definitely related to
the trial.

Dissemination

Study results will be published in a peer-reviewed journal,
presented at relevant conferences, and provided to partici-
pants. Data, results, and sponsor information will not be
passed on to third parties without prior consent from the
sponsor and participants.

Discussion
After completion of community CR, long-term exercise, PA
adherence and health-outcomes in people with CHD can be
poor.13,14 Previous research using wearable activity devices
in the maintenance phase of CR has reported promising
results,26,27 however, outcomes have rarely been examined
beyond three months. Wearable activity devices supported
by exercise prescription may improve everyday PA
(number of steps), exercise intensity, cardiorespiratory
fitness, and functional capacity in those who adhere, but
the effect on sedentary time has not been established.23,55

Additionally, evidence is inconclusive as to whether such
interventions can improve long-term psychological out-
comes. Further primary evidence is still required for peak
aerobic capacity, maintaining PA, exercise intensity, and
psychological effects in people with CHD.55 Qualitative
data regarding perceptions and acceptability of remote
activity monitoring devices have often not been simultan-
eously assessed with quantitative data, specifically in the
case of the Polar Ignite device. Therefore, further research
is warranted in this field to understand the clinical and
cost-effectiveness of remotely prescribed and monitored
exercise maintenance programmes following CR and to
evaluate adherence to PA/exercise in the long-term.

Developing new options for patients to continue long-
term exercise and PA, may also infiltrate the National
Health Service’s Long-Term Plan of increasing CR provi-
sion to accommodate 85% of eligible patients by 2028.56

Remotely prescribed and monitored mHealth programmes
could overcome key barriers associated with centre-based
CR and, therefore, be adopted, not only for long-term main-
tenance programmes, but as an alternative to early CR
supervised centre-based programmes. Remote maintenance
CR programs may also help patients with CHD to transition
to a new routine in the home environment or provide an
alternative option for patients at high risk of COVID-19
severe illness.57 Therefore, if the intervention proves to
be useful in supporting people after CR, further research
could investigate its implementation in wider practice
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such as exercise referral schemes or for people with other
long-term conditions.

The MAINTAIN trial aims to examine the feasibility of
a long-term exercise and PA maintenance programme,
which is remotely prescribed and monitored using a wear-
able activity device with real-time biometrics and haptic
feedback, alongside personalised text messaging in people
with CHD. MAINTAIN will address PA behaviours, exer-
cise adherence, and a variety of health-outcomes over a
12-month period. The study will also aim to identify a
primary outcome for a future definitive trial and provide
additional evidence to fill key gaps in the literature relating
to long-term health outcomes.55 This feasibility study aims
to tackle an important and complex problem by taking a
multi-faceted approach to improving long term adherence
to exercise after completion of CR. Both qualitative and
quantitative data will be collected to examine the accept-
ability of the intervention, and interviews will help to
inform patient and public involvement and engagement
for a future definitive RCT. To minimise the effects of
both bias and attrition, as reported in a previous systematic
review,55 the MAINTAIN trial will blind outcomes asses-
sors and apply an intention to treat analysis. Adverse
events will be reported according to trial arm.
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