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Abstract

Background The prevention of type 2 diabetes (T2DM) is recognised as a health care priority in the UK. In people
living with T2DM, lifestyle changes (e.g. increasing physical activity) have been shown to slow disease progression
and protect from the development of associated comorbidities. The use of digital health technologies provides

a strategy to increase physical activity in patients with chronic disease. Furthermore, behaviour economics suggests
that financial incentives may be a useful strategy for increasing the maintenance and effectiveness of behaviour
change intervention, including physical activity intervention using digital health technologies. The Milton Keynes
Activity Rewards Programme (MKARP) is a 24-month intervention which combines the use of a mobile health app,
smartwatch (Fitbit or Apple watch) and financial incentives to encourage people living with T2DM to increase physi-
cal activity to improve health. Therefore, this randomised controlled trial aims to examine the long-term acceptability,
health effects and cost-effectiveness of the MKARP on HbA1c in patients living with T2DM versus a waitlist usual care
comparator.

Methods A two-arm, single-centre, randomised controlled trial aiming to recruit 1018 participants with follow-up

at 12 and 24 months. The primary outcome is the change in HbA1c at 12 months. Secondary outcomes included
changes in markers of metabolic, cardiovascular, anthropometric, and psychological health along with cost-effective-
ness. Recruitment will be via annual diabetes review in general practices, retinal screening services and social media.
Participants aged 18 or over, with a diagnosis of type 2 diabetes and a valid HbA1c measurement in the last 2 months
are invited to take part in the trial. Participants will be individually randomised (1:1 ratio) to receive either the Milton
Keynes Activity Rewards Programme or usual care. The intervention will last for 24 months with assessment for out-
comes at baseline, 12 and 24 months.
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Discussion This study will provide new evidence of the long-term effectiveness of an activity rewards scheme
focused on increasing physical activity conducted within routine care in patients living with type 2 diabetes in Milton
Keynes, UK. It will also investigate the cost-effectiveness of the intervention.

Trial registration ISRCTN 14925701. Registered on 30 October 2023.

Keywords Physical activity, Type 2 diabetes, Financial incentives, Routine care, mHealth, Digital health

Introduction

Physical activity and type 2 diabetes

The growing number of patients with type 2 diabetes
mellitus (T2DM) is a major worldwide public health
concern [1]. In the UK, 3.7 million people are living
with T2DM and there are a further 12 million people at
high risk of developing this disease [2]. T2DM is a lead-
ing cause of preventable sight loss in people of work-
ing age [3, 4] and is a major contributor to heart attacks
and strokes [5]. As well as the human cost, T2DM
treatment accounts for around 10% of the annual NHS
budget [6].

Modifiable factors including physical inactivity and
an unhealthy diet, are thought to be major drivers for
the development of T2DM (7], with 80-90% of all cases
preventable or reversed through healthy lifestyle behav-
iours [8, 9]. Physical activity offers many health benefits
for adults, including reduced risk of T2DM and other
related chronic conditions such as obesity [10]. For
those living with T2DM, physical activity is associated
with improved secondary indicators of risk of T2DM
disease progression (i.e. increases in HbAlc, blood
pressure, BMI, and blood lipids) and protects against
complications such as heart disease and stroke [11, 12].

Most physical activity interventions aim to achieve
at least 150-300 min of moderate-intensity physical
activity or 75 min of vigorous activity, and/or 2-3 ses-
sions of resistance training per week [13, 14]. In the
context of adults living with T2DM, for some outcomes
(e.g. HbAlc and blood pressure) there is evidence for
a stronger effect with more aerobic activity (i.e. greater
benefits with more than 150 min/week compared to
less than 150 min/week) [11]. However, adherence to
this level of physical activity can be difficult for many
adults. Individuals with T2DM are usually well below
the recommended level of physical activity and are
more likely to spend a large amount of time sedentary
[15]. The dose-response data clearly show that adults
with the lowest levels of physical activity have the most
to gain from even small increases in physical activ-
ity [16, 17]. Therefore, innovative behavioural inter-
ventions targeting improvements in physical activity
and sedentary behaviour in patients with T2DM are
needed.

Mobile health, financial incentives to increase physical
activity
Recent advances in technology provide an avenue to
develop innovative behavioural interventions. Given a
large proportion of the population is insufficiently physi-
cally active and reports high volumes of sedentary time
[18, 19], we need interventions with wide reach and low
or limited healthcare professional input; this objective
can be achieved through mobile health (mHealth) inter-
ventions. Mobile health interventions include smart-
phone apps in conjunction with wearable technology to
change behaviour. The use of technology to deliver life-
style interventions has grown markedly over the past
decade [20]. The introduction and evaluation of novel
digital technologies, particularly with a focus on the pro-
motion of healthy lifestyles, is a priority for the UK Gov-
ernment [21], as shown by the pilot of the Better Health:
Rewards programme in the general population [22].
mHealth interventions offer some key advantages
over traditional behaviour change interventions. They
can reach many people at a relatively low cost and offer
increased access to the public at a time and place that
suits their preferences [23], including the ability to over-
come the need to attend face-to-face sessions to receive
the intervention [24]. As an approach with wide reach,
smartphone-based interventions are very attractive as
90% of mobile phone users have it with them for the
much of the day. mHealth technology can be used by
people of different ages and cultural backgrounds and
studies have shown that people report that electronic
devices that promote physical activity are acceptable
[25, 26].

Wearable activity monitors (consumer devices that
provide feedback to the wearer such as ‘fitness track-
ers’ and activity-tracking smartwatches), can also help
promote physical activity. These devices are affordable
to many [27], visually appealing and user friendly [28],
encourage the integration of non-structured physical
activity (e.g. walking) into daily living and reduce barriers
associated with structured or organised forms of physi-
cal activity [29]. Wearable activity monitors promote
behaviour change techniques, such as self-monitoring
and goal setting [30]. Their use has been associated with
increased physical activity [23, 31] may be effective in
conjunction with other behaviour change techniques to
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increase intervention effectiveness, for example financial
incentives.

The use of financial incentives as a behaviour change
technique has its basis in behavioural economics, a
branch of economics complemented by insights from
psychology, that has been used to promote physical
activity [32]. Often referred to as ‘temporal discounting,
how an individual values a reward (e.g. better health)
decreases the further away in time the reward is realised
[33, 34]. Put another way, people tend to respond more
to the immediate costs and benefits of their actions than
to those experienced in the future. In the case of physi-
cal activity, the cost of the behaviour (e.g. time and per-
ceived discomfort) is usually experienced in the present
and thus overvalued, while the benefits (e.g. health and
longevity) are often delayed and thus discounted, tip-
ping daily decisional scales towards physical inactivity.
According to behavioural economics, immediate incen-
tives may be useful in emphasising a short-term physical
activity benefit and motivating more people to be active
[35, 36].

Evidence from systematic reviews and meta-analyses
of randomised controlled trials has shown that financial
incentives were associated with increases in mean daily
step count [37]. However, nearly all of the RCTs found in
this meta-analysis were from the USA, which has a sig-
nificantly different culture and healthcare system to the
UK [38] and how such intervention would work in the
NHS remains unclear. Furthermore, the majority of trials
were short to medium-term in duration (i.e. no follow-
up longer than 6 months) therefore long-term impact on
behaviour change remains unknown [37].

Consequently, evidence in the UK is lacking. The
RAND Corporation examined whether the uptake of
the Vitality (private health insurance) Active Rewards
with Apple Watch benefit is associated with increased
physical activity levels for Vitality members [39]. Whilst
the Active Rewards programme was associated with a
34% increase in monitored activity days per month (i.e.
4.8 days of activity per month), the use of private health
insurance is for a specific population and this method
of behaviour change has not been assessed in a public
health setting [39], although research is ongoing [40].
Furthermore, it is unclear what the health benefits are of
such a programme and whether they are cost-effective
interventions.

Finally, whilst current evidence does suggest that
financial incentives may be effective in increasing physi-
cal activity in North America and for those who can
afford private healthcare insurance, the NICE ‘Evidence
Standards framework for digital health technologies’ in
the UK health and social care system requires high-qual-
ity interventional studies to support the claimed benefits
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for the digital health technologies, including showing
improvements in relevant clinical or patient-relevant
outcomes [24].

Milton Keynes activity rewards programme

The Milton Keynes Activity Rewards Programme
(MKARP) is a 24-month intervention which combines
the use of a mobile health app (EXI app: https://www.
exi.life/), wearable technology (Fitbit or Apple watch)
and financial incentives (up to £365 per year) to encour-
age people living with T2DM to increase participation in
physical activity to improve health. Briefly, the MKARP
provides users with a ‘physical activity prescription’
(weekly physical activity goals for minutes of moderate-
vigorous physical activity and the number of steps). If
users are successful at completing their physical activity
prescription, users will earn financial rewards in the form
of vouchers.

Therefore, this randomised controlled trial aims to
examine the long-term (24 months) acceptability, health
effects (clinical and patient-relevant outcomes) and cost-
effectiveness of the MKARP on HbAlc in patients living
with T2DM versus a usual care waitlist group. The trial
will include an internal pilot to assess recruitment, ran-
domisation, compliance with the primary outcome and
retention rate at 3 months follow-up prior to proceeding
to full trial.

Objectives
Primary objective

1. To determine the effectiveness of an intervention
(MKARP) that includes access to a mobile health
app, wearable activity monitor, and financial incen-
tives to promote physical activity, versus usual care
on HbAlc in patients living with type 2 diabetes at 12
months.

Secondary objective(s)

1. To determine the effect of the MKARP intervention
versus usual care on health-related quality of life at
12 months.

2. To identify the effect of a mobile health app,
linked composite endpoints of HbAlc reduc-
tion>0.5%+weight loss>1 kg and SBP reduc-
tion >3 mmHg at 12 and 24 months follow-up.

3. To determine the difference in the composite end-
points in the usual care (waitlist control group) pre-
post intervention delivery.

4. To determine the effect of the intervention on key
secondary outcomes including weight, total physical
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activity minutes, blood pressure, and blood lipids at
12 and 24 months.

5. To determine participants’ engagement with the
interventional components, and to understand
which socio-demographic factors are associated with
poorer engagement.

6. To assess the cost-effectiveness of the delivery of this
digital health and financial incentive intervention to
the NHS.

Methods

Overview

A 24-month two-arm randomised controlled trial with
an internal pilot study comparing an intervention group
with a ‘waitlist’ usual care group that will be embedded
in routine diabetes care in Milton Keynes (MK), a local
authority area in England, UK. The efficacy of the inter-
vention to reduce HbAlc will be supported by an eco-
nomic evaluation and a process evaluation described in
more detail below. A nested qualitative study will also
be included. We aim to recruit 1018 participants over a
15-month period from January 2024 to April 2025.

The study is following protocol version 5.1. Milton
Keynes University Hospital NHS Foundation Trust in
England are the sponsor for this trial. This protocol
adheres to the Standard Protocol Items: Recommenda-
tions for Interventional Trials (SPIRIT) reporting recom-
mendations [41] (see Supplemental material 1).

Trial design and setting
Participants will be randomly assigned in a 1:1 ratio to
either the MKARP intervention or waitlist usual care.
The randomisation will be stratified by age, self-reported
gender, and recruitment pathway. Participants in the
intervention arm will be enrolled for 24 months with
the primary outcome to be assessed at 12 months. Wait-
list usual care participants will be provided with the
intervention at 12 months and followed up for a further
12 months. All participants will be in the study for a total
of 24 months. The 24-month follow-up for the inter-
vention arm will allow for the longer-term effects of the
intervention to be processed. A flow diagram showing
the trial design is given in Fig. 1. A SPIRIT figure shows
the different data collection steps of the trial (Fig. 2).
Recruitment to the trial will be from NHS T2DM
primary care services within the Milton Keynes area,
with patients being recruited before their annual dia-
betes review (a yearly check of health outcomes such as
blood pressure, cholesterol, kidney function and weight).
In addition, recruitment will be through NHS retinal
screening (a yearly check by a diabetic eye screening ser-
vice) as well as community settings, including via social
media. In MK, around 90% of patients are managed in
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the community, by their general practitioner (GP), i.e.
most people with T2DM in MK, it is the responsibility
of the GP rather than the hospital-led integrated dia-
betes service to undertake the annual review to deter-
mine patients’ disease progression and medication
requirements.

Patient and public involvement (PPI)

PPI consists of a group of patient advocates from Milton
Keynes University Hospital as well as members from Dia-
betes UK Milton Keynes branch. PPI input has informed
the development of the study since inception. Insights
and feedback gathered from group discussions with PPI
members enabled the development of research questions,
assessment of potential burdens on participants and
informed the intervention materials to make sure they
were user-friendly. Continuation of PPI involvement will
inform the intervention delivery and dissemination of
results to the wider community as appropriate.

Identification and recruitment of participants

There are approximately 17,000 people in MK with a
recorded diagnosis of T2DM. All general practices in
Milton Keynes will be invited to identify patients for this
study. Participating practices choosing will search their
electronic records to identify patients who are > 18 years
old and have had a valid HbAlc measurement in the past
3 months (blood tests for HbAlc levels closely precede
annual diabetes review) or are likely to have one soon.
These patients will be sent a trial invitation text mes-
sage which will include a tiny URL directing patients to
the participant information sheet (PIS), Expression of
Interest form (EOI) and the Physical Activity Vital Signs
(PAVS) questionnaire [42]. The EOI will ask patients to
confirm their eligibility for participation in the study. The
PAVS will be used to screen for physical activity guide-
line compliance (150 min of MVPA per week) as the
study will only recruit those who, via self-report, do not
meet current UK Physical Activity Guidelines [43]. Those
interested will be asked to return their completed docu-
ments to the study team at Milton Keynes University
Hospital (MKUH).

Participants will also be recruited via NHS retinal
screening services. All patients with type 2 diabetes in
the UK will be offered a retinal scan every year to check
for diabetic retinopathy. Patients with type 2 diabetes
who come through these clinics in Milton Keynes will be
provided with a leaflet/business card with details about
the trial and a quick-response (QR) code linking to the
online PIS and EOI to assess eligibility.

Finally, potential participants can be invited to take
part in the study via community settings, including
through advertising on social media. Social media post
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Hospital Retinal Screening

Page 5 of 17

Community groups / social media

Study invitation, PIS, EOI form &
PAVS sent

Reminder text/letter/phone
call

v

No further contact

Eligibility Screening

Participants
v
eligible

!

| noteligible |

Letter sent

Consent
v

v

Baseline measures
v

Randomisation

Electronic questionnaire
sent to participants

v

Milton Keynes Activity
Rewards Programme

Receive access to

Electronic
questionnaires sent
to participants

intervention

v

Waitlist usual care

™

Follow up visit at 12
month

-Follow up measures

v

Waitlist usual care arm
receive intervention

v

Follow up visit at 24
months

-Follow up measures

Fig. 1 Participant flow. PAVS, physical activity vital signs; PIS, participants information sheet; EQI, expression of interest
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STUDY PERIOD
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usual care

Randomisation to
MKARP
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Waitlist usual care
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»
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(Urea Creatine)

Smoking history

Alcohol consumption

Household Income /
Composition

Wellbeing (PAID &
EQ-5D-5L)

Medication
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L

QUALITATIVE

Audio recording of
delivery of usual care
and MKARP
information by RN

Qualitative interviews
with participants
(optional)

X

Fig. 2

SPIRIT figure. HbA1c, glycated haemoglobin; PAVS, physical activity vital signs; PAID, problem areas in diabetes



Sanders et al. Trials (2024) 25:755

will include a QR code which will direct to the online EOI
to determine eligibility.

Consent

Potential participants will provide consent for all parts
of the screening process described above, and if eligible
consent to participate in the trial. Electronic informed
consent to take part in the trial will be obtained for each
participant before any measures are taken. Where elec-
tronic consent is not possible, verbal or written consent
will be taken. Participants will be made aware at the
beginning of the study that they can freely withdraw (dis-
continue participation) from the trial (or part of it) at any
time without giving a reason.

Patient eligibility
Inclusion criteria

B Aged>18 years

B Diagnosis of type 2 diabetes (based on WHO cri-
teria, e.g. HbAlc>48 mmol/mol or 6.5%)

B Has had an HbAlc blood measurement taken in
the last 3 months

B Able to provide informed written consent.

B Own and use a smartphone capable of hosting the
EXI app (i.e. Android 10 and above (usually Android
phones purchased after 2019) or Apple iOS 15.0 or
above (usually an iPhone purchased after 2020)).

B Consent to participants’ GP being notified of their
participation in the trial.

B Self-reporting as being able to be physically active
W Milton Keynes resident

Exclusion criteria

B Unable to understand English sufficiently to com-
plete the trial assessments.

B Women known to be pregnant or breastfeeding.

B Do not own/cannot operate a smartphone or have
a smartphone that cannot be upgraded to Apple iOS
15.0 and above (usually in iPhones purchased after
2020) or Android 10 and above (usually Android
phones purchased after 2019).

B Life-limiting condition that will affect the ability
to be physically active within the period of the trial.

B Chronic health conditions significantly affecting
mobility.

B Currently meeting UK physical activity guidelines
of 150 min of moderate to vigorous physical activity
per week as determined by the Physical Activity Vital
Signs questionnaire.
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B DParticipants in live-in care, residential homes or
other institutional settings that will limit their ability
to be active.

Randomisation

Once eligibility has been confirmed participants will be
randomised at the level of the individual (1:1 ratio) to
receive either the MKARP intervention or usual care. A
minimisation algorithm will be used within the secure
online randomisation system to ensure balance in the
treatment allocation over the following variables:

B Route of recruitment (general practice, other
community health service, other)

W Age group (1845, 46+ years)

B Self-reported gender (male, female, non-binary)

Participants will be informed that they have been allo-
cated to either the intervention arm (i.e. receive written
information about physical activity and access to the EXi
app and accompanying smartwatch, as well as financial
incentives) or usual care (waitlist) when the intervention
is delivered. Randomisation will be performed by the tri-
als research nurse.

Blinding

The trial data scientist will be blinded to allocation until
after the completion of the final analyses via account per-
mission limiters on the study database. The participants
will be aware that they will be randomised to either the
intervention or usual care, therefore no blinding can take
place.

Milton Keynes activity rewards programme

MKARP intervention consists of four components:
brief consultation with a diabetes research nurse (RN),
EXI mobile app, Apple Watch or Fitbit watch (hereafter
referred to as smartwatch), and financial incentives.

Brief consultation

Upon randomisation, the research team will contact
participants to arrange a time for a Diabetes Research
Nurse (RN) from MKUH to deliver the intervention/
waitlist usual care. Participants randomised to the inter-
vention group will receive standard guidance about the
importance of physical activity and will be advised on the
details of the MKARP.

The intervention delivery will consist of the following:

B Description of the importance of physical activity
in the management of type 2 diabetes through NHS
consultations with an NHS health professional.
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B Overview of three components of the MKARP
(EXi app, smartwatch and financial incentives).

B Discussion of the EXi app and how it can help
participants to increase their physical activity.

B The purpose of the EXi app and the smartwatch
for facilitating self-monitoring and feedback on phys-
ical activity will be discussed and the use of the inter-
vention will be specifically encouraged.

The RNs will be trained to promote the rationale for
the intervention and the benefits of physical activity for
health and explain implementation plans and action
planning. See below for details on training.

An intervention checklist will be completed by the RN
to aid delivery and provide a reminder prompt of areas
that must be covered during consultations. We antici-
pate the delivery of the MKARP intervention to the par-
ticipants will take 2—3 min per consultation and will be
delivered either online or over the telephone. The role of
the RN is to simply raise the topic of physical activity, to
signpost participants to the EXi app for further advice
and support, and to encourage participants to use their
smartwatch device to facilitate their engagement with
physical activity and to obtain feedback.

With the consent of participants, a sub-sample of the
consultations will be audio-recorded to assess for fidelity.
of delivery by nurses.

Training of research nurse to deliver the intervention
Research nurse(s) will be trained by the research team
and representatives from EXI to deliver the MKARP
intervention. EXI has developed a media-based training
module that can be delivered face-to-face or remotely.
The training will be delivered in person or online based
on the preference of the RN. We will also demonstrate
the functions of the EXI app during the training. The
training takes no more than 1 h given the involvement of
RN is simple and brief. The training tools include infor-
mation on the importance of adhering to the study proto-
col, the research study procedures, trial design and ways
of delivering the MKARP.

A range of strategies to reinforce intervention fidelity
will be used. We will:

W Train RN to deliver the intervention per protocol.
B Audio record 10% of consultations and telephone
calls with an RN using an encrypted dictaphone
(or secure and General Data Protection Regulation
(GDPR) compliant online conferencing tools) to
assess whether the intervention is being delivered
according to a checklist (with participant consent);

B Use of a standardised training resource.

B Check for intervention ‘receipt’

Page 8 of 17

Eximobile app and exercise prescription

EXI: Exercise Intelligence (https://www.exilife/) is a
digital therapeutic platform specialising in personalised,
progressive physical activity prescriptions and remote
monitoring for individuals living with, or at risk of,
long-term health conditions. The platform provides an
individual physical activity prescription for each user,
based on their demographics, current physical activity
level and health conditions. Prescriptions progress the
user each week, with the goal of the user reaching and
maintaining the physical activity guidelines. Prescrip-
tions detail the frequency (times per week), intensity
(low, moderate or high, based on heart rate), and dura-
tion (minutes per day) that the user should complete.
The EXI platform is optimised when connected to any
wearable activity monitor, e.g. Apple Watch or Fitbit.
Participants can monitor their activity intensity while
completing the activity via the EXI app, while the wear-
able activity monitor also tracks their physical activity,
enabling users to view their progress towards their goals
in the EXI app (Fig. 3).

EXi and behaviour change Behavioural science is
embedded throughout the EXI platform. The user experi-
ence and user interface have been developed with care-
ful consideration of the evidence regarding the specific
challenges to physical activity behaviour change faced by
those living with chronic health conditions such as type 2
diabetes [44—46], and frameworks such as the Behaviour
Change Wheel approach [47] have been applied to link
app features to identified psychosocial determinants of

This week’s prescription °

Frequency: 3 daysiweck

{+ 10min

Yy 6500
0 of 3 duys completed this meek
-

Recommended activities @

AN &

Fig. 3 EXlapp and Apple Watch
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physical activity in this population. The behaviour change
techniques (BCTs) implemented within the EXI platform
are underpinned by the Theoretical Domains Frame-
work (TDF) [48]. Examples of BCTs delivered through
the platform include; ‘Goal setting—behaviour, ‘Self-
monitoring of behaviour, ‘Biofeedback; ‘Social support;
‘Graded tasks, and ‘Prompts & cues. Additionally, the
platform has the capability to deliver ‘Material incentive
(behaviour)’ and ‘Material reward (behaviour); providing
financial rewards for users.

Financial reward
Participants who complete their physical activity pre-
scription receive a financial reward. The smartwatch is
used to monitor participants’ physical activity, using
wrist-based heart rate sensing to ensure the physi-
cal activity is of the correct intensity. Participants can
receive feedback during the activity about the intensity
of the activity and whether they are in the target zone.
Participants can receive up to £365 yearly (or £91.25
a quarter or £1 a day). To achieve a financial reward,
participants must achieve at least 60% of their goal (e.g.
goal of 10,000 steps, participants must achieve at least
6000 steps). The level of their financial reward is then
dependent on their progression toward their overall
activity goal (60% achieved equals 60% of max reward;
72% achieved=72% of max reward). Rewards are
earned each week and then banked and will contribute
to their quarterly earnings. The rewards will be earned
in the form of vouchers. This value of reward is based
on previous research which has suggested that mod-
est incentives of (approximately £1 a day) can increase
physical activity for interventions in the short and long
term [37].

The EXI platform ‘starts where youre at, creating an
ability for everyone to achieve rewards, regardless of cur-
rent fitness level. For example, participants’ prescriptions

Your exercise journey

starts here! y Yourrewardsrewaiting! @

- associat
©  ABC Healthcare

This week's prescription @

'starta low
intensity activity

Fig. 4 EXIrewards portal
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can start with as little as 10 min of low-intensity activ-
ity three times per week and build up gradually over time
to hitting physical activity guidelines. It has been shown
that aligning physical activity goals with incentives can
increase the achievement of goals by as much as 200%
over 24 months [49]. See Fig. 4.

Waitlist usual care comparator

The usual care group will only receive the current
UK guidance for physical activity (infographic on the
benefits of physical activity and physical activity rec-
ommendations) within their annual diabetes review
consultation at baseline. Current UK guidance advises
working towards the accumulation of at least 150-min
MVPA per/week. There will be no change to stand-
ard care, therefore the waitlist usual care group will
receive the normal physical activity advice. In addi-
tion and in line with standard care for patients with
diabetes locally, participants in the control arm will be
given information on local opportunities to be active
(AMKERS: Active Milton Keynes Exercise Referral
Scheme; and local options for physical activity pro-
moted through LEAP) and signpost national resources
(Sport England and This Girl Can). With the consent
of participants, the delivery of the usual care informa-
tion will be audio-recorded in a random 10% sample
to assess fidelity and intervention contamination. The
usual care group will be offered the intervention at
12 months.

Primary outcome

The primary outcome will be the difference in HbAlc (%)
between the intervention and waitlist usual care groups
at 12 months.

Secondary outcome
Secondary outcomes include:

 on

Rewards
Earn with watch

% rec

Apple Watch SE ¥ ABC Healthcare

Mon 16th Jun - Sun 25th Jun
@ Life:style vouchers

£3/£5 comed

Eom vith watch
© Lew "

How do | earn vouchers

When will | recieve my watch?
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B The mean difference in quality of life as measured
by EQ-5D-5L between the intervention and waitlist
usual care arms at 12 months.

B The efficacy endpoints of participants in the inter-
vention group achieving the composite endpoint of
HbAlc reduction>0.5%+weight loss>3% and SBP
reduction >3 mmHg at 12 months between the inter-
vention and waitlist usual care group.

B The difference in composite endpoints pre- and
post-intervention delivery in the waitlist usual care
group.

B Physical activity trajectories (direction and rate of
change in physical activity over time) in the interven-
tion group from baseline to 12 months.

B The mean difference in other blood biomark-
ers including blood lipid panel, blood glucose, and
kidney function tests between the intervention and
waitlist usual care at 12 months.

B Changes in healthcare utilisation (visits to pri-
mary or secondary healthcare) in the intervention
and waitlist usual care group at 12 months.

B Changes in diabetes medication used in the inter-
vention and waitlist usual care group at 12 months.

B The mean difference in Problem Areas in Diabetes
Score / EQ-5D-5L scores between the intervention
and control group at 12 months.

Data collection

Primary outcome measures

As part of the annual diabetes review, patients are
requested to attend a health check and provide a blood
sample. HbAlc will be measured from this blood sample,
data will be retrieved from SystmOne. Participants will
not be asked or expected to have additional blood tests as
part of the trial.

Secondary outcomes measures

Outcomes collected at the annual diabetes review Other
data from the annual diabetes review health check and
blood sample include height, weight, blood pressure,
resting pulse as well as blood lipids, and kidney function
tests. This data will also be retrieved from SystmOne.
Finally, current medications (name and dosage) and
healthcare utilisation (total, diabetes-related) will also be
collected, via SystmOne and Hospital Episode Statistics
respectively.

Additional secondary outcomes Diabetes distress (also
known as diabetes-specific distress or diabetes-related
distress) is an emotional response to living with diabe-
tes, the burden of continual daily self-management and
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(the prospect of) its long-term complications. The Prob-
lem Areas in Diabetes (PAID) is a 20-item questionnaire,
widely used to assess diabetes distress [50]. Health-related
quality of life is measured using The EuroQol (EQ-5D 5L)
and includes questions on mobility, hygiene, daily activi-
ties, pain/ discomfort and anxiety/depression [51]. Physi-
cal activity self-efficacy will also be measured using a vali-
dated questionnaire [52]. To determine cost-effectiveness,
questionnaire items will be used to assess healthcare
resource use in terms of patients attending primary and
secondary care facilities. All questionnaire instruments
will be delivered in digital format as standard. Paper cop-
ies are made available to participants upon request.

Physical activity throughout the intervention will be
measured by the smartwatch. Metrics collected will
include sedentary time, participation in light-moderate
and vigorous physical activity (mins), as well as heart
rate (bpm), steps and fitness (as determined by the self-
guided 6-min walk test).

Cost-effectiveness evaluation

The economic evaluation will assess whether the
MKARP, compared to waitlist usual care will likely be
cost-effective at commonly used threshold values. The
economic analysis consisted of a cost-consequences anal-
ysis which will be based on observed results with the trial
and a cost-effectiveness analysis in which the difference
between groups in the trial will be extrapolated to the
longer term. To facilitate this, resource use estimates will
be collected during each assessment point using a health-
related resource use questionnaire. The questionnaire is
based on a variant of the Client Services Receipt Inven-
tory and includes services that this population are likely
to use, such as GPs and practice nurse appointments,
occupational health visitors and counsellors. Addition-
ally, data on healthcare utilisation will be retrieved from
SystmOne. A range of trial outcomes will be assessed as
part of this economic evaluation, including HRQoL as
measured by the EQ-5D-5L.

Process measures
The process evaluation aims to examine any discrepan-
cies between expected and observed outcomes, increase
our understanding of the influence of each intervention
component and context on the observed outcomes, and
provide insight for any further intervention development
and implementation. Throughout the trial, the imple-
mentation fidelity, dose, attrition, adaptation, contamina-
tion, barriers and facilitators, using the Medical Research
Council (MRC) framework [53] will be monitored.
Furthermore, engagement with the intervention and,
examine the demographic profile of the participants will
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be examined. Engagement with the EXi app will also be
collected as a measure of intervention adherence and as
a process measure. Data will be collected on the number
of times users open the app, what aspects of the app they
use and for how long.

Engagement by the participants with the EXI app
and smartwatch will be examined and assessed via sev-
eral process measures that may influence or explain the
effectiveness of the app. For example, this may include
the number of times participants access the app and the
frequency of use of specific app features. Furthermore,
the proportion of people who are continuing to use the
app and smartwatch at 3, 6, 9, 12 and 24 months will be
examined.

In addition, the participants that take part/enrol in the
trial will be described in terms of age, sex, ethnicity, and
socioeconomic status (SES), and compared this to the
eligible population, since there is preliminary evidence
to suggest that digital health tools tend to be more fre-
quently available and used by those in mid to high SES
(Table 1).

All participant data collected will be confidential and
stored on secured servers.

Internal pilot

The trial will incorporate an internal pilot to examine
issues surrounding participant recruitment, randomisa-
tion, compliance with the primary outcome and reten-
tion rate at 3 months follow-up.

Progression criteria

The following progression criteria will be reviewed by
the independent Trial Steering Committee (TSC) on

Table 1 Summary of the process evaluation measures to be used
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the completion of the measurements collected from the
participants (n=255) who have been randomised within
3 months of the opening of recruitment. The trial will be
considered eligible to progress to the main trial phase
if the following internal pilot stop—go criteria are con-
firmed. See Table 2.

Adverse event reporting

Adverse events

There is no reason to assume that this trial will lead to an
excess of adverse events. The intervention consists of RNs
promoting physical activity within everyday life and the
use of a digital health incentive platform with a smart-
watch to monitor activity, along with financial incentives,
none of which are likely to create harm. Furthermore,
the promotion of physical activity by health profession-
als is already part of standard care and has been demon-
strated as being low risk for all citizens in England as per
the NHS Making Every Contact Count Campaign [40]
without specific follow-up for adverse events. That said,
information on adverse events will be collected from the
participants. An adverse event will be defined as an unto-
ward medical occurrence that does not necessarily have
to be causally related to the study or intervention. Partici-
pants will be asked to inform us of any adverse events by
email or phone.

Serious adverse events (SAE)

The research team at the site will report SAEs that are
not defined as protocol-exempt in an expedited man-
ner. The following are ‘protocol exempt’ SAEs: events
related to the participant’s pre-existing condition(s) (pre-
existing conditions are medical conditions that existed

Process evaluation Definition

Data source Time point

Context of the intervention
tion

Fidelity
ered as planned

Dose delivered/received
that was provided by the app

The dose received: How frequently participants

engaged with the intervention

Mechanism of impact
change

Contamination
mation

Sample vs population

Contextual factors which affect the implementa-

The extent to which the intervention was deliv-

Dose delivered: the amount of the intervention

How does the intervention facilitate behaviour
Usual care receiving intervention-related infor-

How well the sample matches the general popu-
lation of people living with type 2 diabetes in MK

Initial discussion with GPs in MK Pre-study

Focus groups with patients and HCPs 12 month follow up

Audio recording of the proportion of interven- Continuous
tion delivery

Internal monitoring of appointment attendance  Post-study

records

EXi data reporting Continuous
Follow-up questionnaires 12 months

Follow-up questionnaires and interviews 12 months

Audio-recorded intervention delivery Continuous
Participant characteristics and patient character- 12 months

istics of Milton Keynes
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Table 2 Progression criteria—traffic light
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Target recruitment for the first 3 months = 255 (a quarter of the total sample)

At least 80% of the target sample size is recruited

week

At least 65% of the intervention group is opening/using the EXi app 4 days a

Green

At least 60% of the intervention group is achieving >60% physical activity
adherence (as defined by physical activity prescription completion)

Attrition <21%

If all four criteria are met, we will proceed to the full trial with the protocol unchanged (unless there
is a clear indication from our experience that would improve the protocol).

50-79% of the target sample size is recruited

45-64% of the intervention group are opening/using the EXi app 3 days a week

Amber

45-59% of the intervention group are achieving >60% of physical activity
adherence (as defined by physical activity prescription completion)

Attrition 21-35%

level before continuing with the trial.

If one or more of our amber criteria are met, we will plan to adapt the protocol considering the
results of the feedback and our experience to improve whichever criteria are not at the ‘green light’

<50% of the target sample size is recruited

<45% of the intervention group is opening/using the EXi app 2 days a week

Red

<45% of the intervention group are achieving <60% of physical activity adherence
(as defined by physical activity prescription completion)

Attrition >35%

consider discontinuing the trial.

If one or more of these criteria are met, we would consider the current protocol not feasible and

before entering the trial, or for which they have already
consulted medical advice, as identified on the baseline
questionnaire (as per the diseases/conditions specified in
Table 3)); and hospital visits for any elective procedures.
Musculoskeletal and bone injuries/fractures, and trips
and fall injuries are regarded as expected SAEs and are
recorded on the follow-up case report forms.

Statistical consideration

The results of this trial will be reported in accordance
with the Consolidated Standards of Reporting Trials
(CONSORT) 2010 statement [54]. A full analysis plan
will be prepared and finalised before any data analysis,

and the trial registered with the ISRCTN registry of clini-
cal trials ISRCTN Number: 14925701).

Level of statistical significance

The results from the trial will be prepared as comparative
summary statistics (differences in proportions or means)
with 95% confidence intervals. All the inferential tests
will be conducted using a 5% two-sided significance level.

Sample size

Physical activity programmes have been shown to lower
HbAlc by 0.8% [55]. To detect a treatment difference
of 0.25%, a clinically meaningful reduction, in HbAlc
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Table 3 Protocol exempts serious adverse event-related conditions
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>>Cancer
>>High blood pressure (hypertension)

>>Heart disease, heart attack, angina, aneurysm (cardiovas-

cular disease)

>>Stroke

>>Depression or anxiety

>>Dementia or Alzheimer’s disease
>>QOsteoporosis (thinning of the bones)
>>QObesity

>Asthma

>>Sarcopenia (loss of muscle strength)

>>COPD/emphysema (Chronic obstructive pulmonary
disease)

>>Kidney disease

>>Back pain resulting in time off work
>>Rheumatoid arthritis

>>Qsteoarthritis

>>Neurological condition (e.g. epilepsy, ME or MS)
>COVID-19

>>Foot/ankle problem affecting patient’s mobility

at 12 months, with a standard deviation for %HbAlc
change of 1.1%, a sample size of 407 per arm would be
required with a statistical power of 90%. This will allow
for a comparison between the intervention arm and the
usual care arm, maintaining an overall type one error rate
of 5%. Five hundred nine participants will be randomised
per arm to allow for a 20% dropout rate at 12 months
follow-up.

Analysis of outcome measures

The primary statistical analysis of efficacy outcome (%
change in HbA1c) will be carried out based on intention-
to-treat (ITT). Full follow-up data on every participant
will be sought to allow full ITT analysis, but missing data
due to withdrawal and loss of follow-up will inevitably
occur. Baseline data will be summarised by arm using
descriptive statistics.

Primary outcome The primary outcome is a change in
%HbAlc at 12 months. The mean change in %HbAlc
at 12 months between the intervention arm and con-
trol arm will be compared using analysis of covariance
(ANCOVA) adjusting for baseline %HbAlc and stratifi-
cation variables (recruitment route, age group, gender).
This will be the primary analysis for the trial. A pre-spec-
ified sub-group analysis will examine the effect of sex, age
groups, ethnic group, deprivation quintile (score derived
from postcode) and BML

Secondary outcomes The secondary outcome of the
percentage achieving the following composite outcome
of HbAlc reduction>0.5%+ weight loss>3% and SBP
reduction >3 mmHg at 12 months. The composite out-
come will be analysed using logistic regression, with the
dependent variable defined as the number of participants
achieving all endpoint targets for the composite out-
come. The regression modelling will include adjustments
for stratification variables. Other secondary outcomes

including health-related quality of life, and blood lipid
outcomes, will be analysed in the same ways as the pri-
mary outcome (ANCOVA).

Physical activity time-series analysis Missing data will
be inspected visually for patterns in the missing data. If
missing data appears random then imputing data using
appropriate techniques will be considered. Furthermore,
autocorrelation may be present in time series datasets,
where a measurement point is correlated with previous
measurement points. We will utilise Auto-Regressive
Integrated Moving Averages with exogenous variable
(ARIMAX) which will account for autocorrelation, as
well as modelling the time-series data allowing for the
assessment of the impact of the intervention over time
whilst also accounting for covariates such as age, weight,
SES.

Interview study

Qualitative interviews (participants)

To gain further insight into the processes involved in
the intervention, we will invite participants to com-
plete semi-structured interviews about their experi-
ences at the end of the intervention. After participants
have provided consent for this interview, questions
asked informed by self-regulation and habit formation
will focus on how easily they found the MKARP, barri-
ers to being physically active, formation of habits and
implementation strategies used, and the acceptability
and usability of the technology. We expect to complete
20-25 interviews which should allow for saturation to
be reached, as recommended for this type of trial [56].
Purposive sampling will enable the inclusion of par-
ticipants who reflect as many socio-demographic char-
acteristics of the possible eligible population (e.g. age,
gender, ethnicity, socio-economic status, general PA
behaviour), and display different levels of engagement
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and participation with MKARP to capture the range of
views. Interviews will be audio-recorded, transcribed
and analysed using a framework approach [57].

As well as documenting individual and overall themes,
theme comparisons will be carried out as appropriate, for
example across socio-demographic characteristics and
engagement levels. Findings will be interpreted against
and combined with other study data. This will help to
understand the intervention process and the participants’
experiences, allowing us to further refine the interven-
tion as necessary [50].

Withdrawals

All study participants are informed verbally and in writ-
ing that they can withdraw their participant from the
study at any time, without any need to justify their rea-
son for doing so. The other criteria for discontinuation
in the trial will be a change in the clinical status of the
participants such that it might affect the outcomes of the
study (e.g. for example pregnancy or cancer diagnosis
and treatment).

Criteria for discontinuing intervention

As previously stated, there is no reason to suspect that
this trial will lead to adverse events, serious or otherwise
to participants. That said, if actual or potential harms are
identified, the trial management group (see below) will
report them to the Independent Trial Steering Commit-
tee, which will decide to consider suspending or termi-
nating the trial.

Trial oversight and management

The Trial Management Group (TMG) will meet approxi-
mately once a month to ensure the successful implemen-
tation and delivery of the trial. The TMG consist of the
PI, Clinical Lead (GP), evaluation lead, trial manager, and
research governance officer. This group will monitor par-
ticipant recruitment; any departure from the expected
recruitment rate will be dealt with according to specific
issues that arise. Day-to-day trial operation is led by the
trial manager and research governance officer with assis-
tance from the diabetes nurse and research administra-
tor. This ‘day-to-day’ operations team will meet weekly.
A joint independent Trial Steering Committee and Data
Monitoring Committee (TSC/DMC) has been created
for the trial. The TSC/DMC will meet at least twice a
year or as required depending on the needs of the trial.
The joint TSC/DMC will provide overall oversight of
the trial, including the practical aspects of the trial as
well as ensure that the trial is conducted in a way which
is both safe for the participants and provides appropri-
ate trial data to the sponsor and investigators. The joint
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TSC/DMC will consist of a consultant in diabetes, health
economist, medical statistician, epidemiologist and a
PPIE representative.

Trial status

The trial is currently registered to ISRCTN (14,925,701)
and opened to recruitment in January 2024, and is
expected to complete recruitment in April 2025. Black
Country Research Ethics Committee have granted
favourable ethical approval 23/WM/0167. The study is
following protocol version 5.1. The company that provide
the EXI app went in to administration in October 2024,
forcing the study to pause recruitment.

Dissemination policy

We plan to publish the trial results in a peer-reviewed
journal. Preliminary results may also be presented at
international conferences, when appropriate. A summary
of the results will also be made available for relevant
stakeholders. Anonymised datasets will be made avail-
able upon reasonable request from the corresponding
author.

Discussion

There is strong evidence that insufficient levels of physi-
cal activity are associated with poorer health outcomes
in patients living with type 2 diabetes [8, 9]. Previous
evidence suggests that the combination of digital health
tools and financial incentives can increase levels of physi-
cal activity in the short to medium term [39]. This RCT
aims to implement a brief intervention along with digital
health financial incentive intervention in patients living
with type 2 diabetes in Milton Keynes, UK and to evalu-
ate its long-term effectiveness (patient-relevant and clini-
cal outcomes) and cost-effectiveness in reducing HbAlc.
It is anticipated that if shown to be effective, the Milton
Keynes Activity Rewards Programme could be scalable as
a treatment resource by health organisations for patients
living with type 2 diabetes.

The use of financial incentives to support behaviour
change is unusual in UK healthcare settings Higher
standards of evidence, i.e. randomised controlled tri-
als, are needed to support their use. Financial incentives
have been used in the UK healthcare system to encourage
smoking cessation in pregnancy, following RCTs showing
their effectiveness and cost-effectiveness of this approach
[58-60].

To our knowledge, this is the first RCT to examine the
impact of a multicomponent intervention (brief consulta-
tion plus digital health tool utilises personalised physical
activity prescription and accompanying financial incen-
tives) in patients with type 2 diabetes.
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There are several strengths and limitations associated
with the current protocol. Strengths of this study include
the robust RCT design, and the randomisation protocol
to reduce contamination. The large full-powered sample,
objectively derived outcome measures and long-term
follow-up assessment after the completion of the initial
12 months are further strengths along with the extensive
process and economic evaluations. This is a single-centre
study which enabled us to develop the study methodol-
ogy quickly. Being locally driven and embedded in local
systems (the study is a partnership between the hospital,
primary care and the city council) will enhance our abil-
ity to recruit participants. However, the geography will
also limit the total population we can recruit from Whilst
recruiting from a discrete population may reduce gen-
eralisability, we note the population of Milton Keynes is
not dissimilar from England as a whole [61]. The Milton
Keynes population is slightly younger, is more ethnically
diverse and has similar levels of diabetes compared to
the rest of the UK [62]. Furthermore, the focus on type
2 diabetes may reduce generalisability to other groups of
patients, for example, the high healthcare costs for type 2
diabetes may mean it is not straightforward to extrapo-
late the benetfits to other patient groups.

Using clinical data from routine diabetes annual review
has made for a more efficient design (reducing the need
for additional clinic visits) but it may hinder recruitment
(as recruitment is contingent on a recent appointment)
and impact on data quality (if repeat visits are delayed,
incomplete or missing). In keeping with NICE recom-
mendations on the evaluation of digital technologies [63],
we have a dual focus on patient-relevant (quality of life)
and clinical (e.g. HbAlc). However, we will not be using
research-grade device-based measures of physical activ-
ity in both arms at baseline and follow-up. Changes in
physical activity are at an earlier stage in the causal path-
way between the intervention and the desired outcomes,
so might be considered a more sensitive measure of the
intervention’s effects, as well as being a good proxy from
which health outcomes and cost-effectiveness could be
modelled. However, the use of the Apple Watch/Fitbit
will provide longitudinal physical activity data which can
be used to model changes over time in behaviour which
would otherwise not be possible with a research grade
device. Technology like this is rarely static. The app soft-
ware is constantly evolving; nevertheless, the fundamen-
tal components of the intervention (incentives, activity
monitoring and a mobile phone app) are fixed.

Our primary aim in designing the study has been to eval-
uate the overall effectiveness of the intervention, leading
us to have only two arms. In part, this reflects the inter-
vention being delivered as an integrated package, and it
reflects that there is already strong evidence based around
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the use of devices (wearables) to promote physical activ-
ity [31, 64]. Consequently, the study will have no ability to
measure which elements (brief consultation, smartwatch
or financial incentives) of the intervention are effective or
to make direct comparisons between the intervention and
a cheaper version (e.g. app only or pedometers).

There is an urgent need for effective and scalable physi-
cal activity interventions for patients with diabetes which
can be delivered in routine primary care [65]. If shown to
be effective, both in terms of cost and health outcomes,
the intervention could be implemented as part of stand-
ard primary care for patients with type 2 diabetes.
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