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Background: Type 2 diabetes is a leading cause of mortality globally and accounts for significant health
resource expenditure. Increased physical activity can reduce the risk of diabetes. However, the longer-
term clinical effectiveness and cost-effectiveness of physical activity interventions in those at high risk
of type 2 diabetes is unknown.

Objectives: To investigate whether or not Walking Away from Diabetes (Walking Away) – a low-
resource, 3-hour group-based behavioural intervention designed to promote physical activity through
pedometer use in those with prediabetes – leads to sustained increases in physical activity when
delivered with and without an integrated mobile health intervention compared with control.

Design: Three-arm, parallel-group, pragmatic, superiority randomised controlled trial with follow-up
conducted at 12 and 48 months.
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Setting: Primary care and the community.

Participants: Adults whose primary care record included a prediabetic blood glucose measurement
recorded within the past 5 years [HbA1c ≥ 42 mmol/mol (6.0%), < 48 mmol/mol (6.5%) mmol/mol;
fasting glucose ≥ 5.5 mmol/l, < 7.0 mmol/l; or 2-hour post-challenge glucose ≥ 7.8 mmol/l, < 11.1 mmol/l]
were recruited between December 2013 and February 2015. Data collection was completed in
July 2019.

Interventions: Participants were randomised (1 : 1 : 1) using a web-based tool to (1) control (information
leaflet), (2) Walking Away with annual group-based support or (3) Walking Away Plus (comprising
Walking Away, annual group-based support and a mobile health intervention that provided automated,
individually tailored text messages to prompt pedometer use and goal-setting and provide feedback, in
addition to biannual telephone calls). Participants and data collectors were not blinded; however, the
staff who processed the accelerometer data were blinded to allocation.

Main outcome measures: The primary outcome was accelerometer-measured ambulatory activity
(steps per day) at 48 months. Other objective and self-reported measures of physical activity were
also assessed.

Results: A total of 1366 individuals were randomised (median age 61 years, median body mass index
28.4 kg/m2, median ambulatory activity 6638 steps per day, women 49%, black and minority ethnicity
28%). Accelerometer data were available for 1017 (74%) and 993 (73%) individuals at 12 and 48 months,
respectively. The primary outcome assessment at 48 months found no differences in ambulatory activity
compared with control in either group (Walking Away Plus: 121 steps per day, 97.5% confidence interval
–290 to 532 steps per day; Walking Away: 91 steps per day, 97.5% confidence interval –282 to 463).
This was consistent across ethnic groups. At the intermediate 12-month assessment, the Walking Away
Plus group had increased their ambulatory activity by 547 (97.5% confidence interval 211 to 882) steps
per day compared with control and were 1.61 (97.5% confidence interval 1.05 to 2.45) times more likely
to achieve 150 minutes per week of objectively assessed unbouted moderate to vigorous physical
activity. In the Walking Away group, there were no differences compared with control at 12 months.
Secondary anthropometric, biomechanical and mental health outcomes were unaltered in either
intervention study arm compared with control at 12 or 48 months, with the exception of small, but
sustained, reductions in body weight in the Walking Away study arm (≈ 1 kg) at the 12- and 48-month
follow-ups. Lifetime cost-effectiveness modelling suggested that usual care had the highest probability
of being cost-effective at a threshold of £20,000 per quality-adjusted life-year. Of 50 serious adverse
events, only one (myocardial infarction) was deemed possibly related to the intervention and led to the
withdrawal of the participant from the study.

Limitations: Loss to follow-up, although the results were unaltered when missing data were replaced
using multiple imputation.

Conclusions: Combining a physical activity intervention with text messaging and telephone support
resulted in modest, but clinically meaningful, changes in physical activity at 12 months, but the changes
were not sustained at 48 months.

Future work: Future research is needed to investigate which intervention types, components and
features can help to maintain physical activity behaviour change over the longer term.

Trial registration: Current Controlled Trials ISRCTN83465245.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health
Technology Assessment programme and will be published in full in Health Technology Assessment;
Vol. 25, No. 77. See the NIHR Journals Library website for further project information.
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Glossary

mHealth The use of mobile technologies to support medical and health practices.

Non-diabetic hyperglycaemia An intermediary glucose control category that is outside the normal
range but below the threshold for diagnosis of type 2 diabetes.

Prediabetes A synonym for non-diabetic hyperglycaemia.
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Plain English summary

When someone has type 2 diabetes, it means that their body no longer does a good job of
controlling the sugar in their blood. This gives them a higher risk of other health problems.

Fortunately, people can avoid getting type 2 diabetes if they can change their lifestyle.

We wanted to know whether or not an education programme could help people at high risk of getting
diabetes to become more physically active and, if so, whether or not they were still more active and
healthier 4 years later. We also wanted to know whether it made a difference if we used text messages
and telephone calls to support them and whether it worked better for some ethnic groups than others.

We put 1366 people into one of three groups at random. The first group received an advice leaflet.
The second group attended (in groups of up to 10 participants) a 3-hour education programme called
‘Walking Away from Type 2 Diabetes’ to help them to change their behaviour and then attended a
group-based refresher session every year. The third group received the same education programme and
the refresher sessions, but also received text messages and telephone calls to give them extra support.

We measured how active the participants were at the start of the study, after 1 year and again 3 years
after that (i.e. 4 years after the start). Then we looked at whether or not the Walking Away programme,
with and without the extra support of text messages and telephone calls, did a better job of encouraging
people to be more active than just giving them the advice leaflet.

We found out that the Walking Away programme, when combined with text messages and telephone
calls for support, did help participants to take over 500 more steps per day during the first year;
however, when we checked again at 4 years, we found that the effects had worn off. Neither option
proved to be good value for money.
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Scientific summary

Background

Type 2 diabetes is a leading cause of mortality and disability globally, accounting for significant
health resource expenditure. The risk of diabetes can be reduced through increased physical activity.
However, systematic reviews have identified limitations in the evidence as to whether or not previous
diabetes prevention programmes have been successful at promoting physical activity behaviour change
in the long term. There has been a particular lack of research assessing the effectiveness of physical
activity interventions in minority ethnic groups, such as South Asian people, who are known to have a
substantially elevated risk of developing type 2 diabetes.

Walking Away from Type 2 Diabetes (Walking Away) is a low-resource, group-based behavioural
intervention designed to promote physical activity in those at risk of developing diabetes within
primary care. Walking Away has already been commissioned into routine care pathways for the prevention
of diabetes. This research sought to develop an integrated mobile health (mHealth) intervention to support
the maintenance of behaviour change within Walking Away, and then test whether or not Walking Away
promotes sustained increases in physical activity in a multiethnic population with and without the addition
of the developed mHealth intervention.

Objectives

The preliminary objective was to develop a tailored mHealth intervention to provide follow-on support
for participants referred to the Walking Away programme. The primary objective was then to investigate
whether or not Walking Away can lead to sustained increases in physical activity after 4 years in an
ethnically diverse population at high risk of type 2 diabetes, when delivered at two levels of ongoing
follow-on maintenance support (with and without the developed mHealth intervention). This primary
objective was supported by key secondary objectives, which were to compare the effectiveness of the
tested interventions in white European and South Asian subgroups and to conduct a within-trial and
long-term economic evaluation of each tested intervention.

Methods

Design
This was a three-arm, parallel-group, pragmatic, superiority randomised controlled trial. Treatment
allocation was carried out using a web-based randomisation procedure provided by the Leicester
Clinical Trials Unit, with equal allocation probabilities. Follow-up was conducted at 12 and 48 months.
The primary outcome was objectively assessed ambulatory activity (steps per day) at 48 months.
A total of at least 1308 participants was required to meet the sample size specifications.

Setting
Research was conducted at the Diabetes Research Centre, University of Leicester, and the MRC
Epidemiology Unit, University of Cambridge. Participants were recruited from primary care or previous
research cohorts and intervention delivery was conducted in community or health-care settings
adjacent to participants’ general practices.
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Participants
Participants were recruited from across Leicestershire and Cambridgeshire. The primary method of
recruitment was directly through primary care using patient records: eligible participants were identified
by their general practice and were sent an invitation letter and study information sheet by post. In
Cambridge, participants who met the inclusion criteria were also recruited from existing population-level
research studies. Participants were recruited if they had a blood glucose or glycated haemoglobin (HbA1c)
value that indicated an elevated risk of type 2 diabetes (referred to as prediabetes) within the last 5 years.
This was defined as fasting glucose of ≥ 5.5 mmol/l and < 7.0 mmol/l, 2-hour post-challenge glucose of
≥ 7.8 mmol/l and < 11.1 mmol/l, or HbA1C of ≥ 6.0% (42 mmol/mol) and < 6.5% (48 mmol/mol). Other
inclusion criteria were being aged 40–74 years (25–74 years if South Asian) and having access to a
mobile phone and being willing to use it as part of the study. Those who were unable to take part in
walking activity, were pregnant or were unable to provide informed consent were excluded.

Interventions

Control
Participants were provided with an information leaflet targeting knowledge and perceptions of
diabetes risk and the importance of physical activity in reducing risk.

Walking Away
A low-resource, 3-hour, group-based behavioural intervention aimed at targeting knowledge and
perceptions of risk factors for type 2 diabetes, outcome expectations around the effectiveness of
physical activity at managing those risk factors, physical activity self-efficacy, and the promotion of
specific behaviour change techniques centred on the provision of pedometers to support goal-setting
and self-monitoring. Walking Away was delivered by two trained educators to groups of up to
10 participants. Participants were also invited to attend 2.5-hour group-based refresher sessions at
12, 24 and 36 months.

Walking Away Plus
Participants were invited to attend the Walking Away programme and the annual refresher sessions as
described above. They were also provided with additional follow-on support in the form of a tailored
mHealth intervention that was developed specifically to be integrated with Walking Away. The mHealth
intervention involved participants regularly texting their individual goals and their achieved daily steps
to an automated system, which responded with tailored text messages targeting attitudes and beliefs,
motivation, self-efficacy and continued use of behaviour change strategies. Participants were also given
support in the form of telephone calls from trained educators at 1 week and 6 months following each
annual group-based session.

Outcomes
The primary outcome was overall ambulatory activity (steps per day) at 48 months, measured using a
waist-worn accelerometer (ActiGraph, ActiGraph, LLC, Pensacola, FL, USA), which also provided the
time spent sedentary, along with time in light-intensity physical activity and moderate- to vigorous-
intensity physical activity as secondary outcomes. In addition, a thigh-worn accelerometer (activPAL)
provided the time spent sitting or lying, standing and walking. Physical activity was also measured
by self-report (Recent Physical Activity Questionnaire). Intervention process measures relating to
self-efficacy, illness perceptions and use of behaviour change strategies were captured by self-report.
HbA1C and other standard clinical biochemical and anthropometric variables were also assessed.

Embedded qualitative substudies were also undertaken to provide qualitative insights. These used
focus groups and telephone interviews and focused on the two novel aspects of the PROPELS
intervention: its duration, and the provision of maintenance support through telephone calls and
text messaging. Their aim was to further the understanding of influences on engagement with the
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intervention; whether or not and how participants reported the intervention helping them to increase
and/or maintain physical activity; and how participants and educators thought that the intervention
might be improved.

The cost-effectiveness of the trial interventions was assessed by conducting two separate health
economic analyses. The primary analysis was a model-based analysis using the School for Public
Health Research Diabetes Prevention Model, which extrapolated trial outcomes over a lifetime horizon.
The secondary analysis was an evaluation of the within-trial costs and outcomes, which assessed the
costs and benefits of the interventions for the 4-year follow-up period of the trial, including costs per
quality-adjusted life-year using utility scores derived from the EuroQol-5 Dimensions (EQ-5D). Both
analyses took an NHS and Personal Social Services perspective. Costs for both analyses were valued in
2017/18 Great British pounds. Unit costs were obtained from nationally representative sources such
as the NHS reference costs.

Results

We randomised 1366 individuals (median age 61 years, median body mass index 28.4 kg/m2, median
ambulatory activity 6638 steps per day, women 49%, black and minority ethnicity 28%), of whom
460 were allocated to control, 450 were allocated to Walking Away and 456 were allocated to
Walking Away Plus. Approximately 80% attended the initial group-based behavioural intervention
in both arms, with 78% of participants in the Walking Away Plus arm also registering for the text
messaging service. Waist-worn accelerometer data were available for 1017 (74%) and 993 (73%)
individuals at 12 and 48 months, respectively.

At 48 months, neither arm showed differences in objectively measured ambulatory activity compared
with control [Walking Away Plus: 121 steps per day, 97.5% confidence interval (CI) –290 to 532 steps
per day; Walking Away: 91 steps per day, 97.5% CI –282 to 463 steps per day]. This was consistent across
ethnic groups.

Measures of self-reported physical activity (metabolic equivalent minutes per week, time in moderate
to vigorous physical activity and time walking) were not significant at any time point, except for an
increase in self-reported physical activity of 4.4 (97.5% CI 0.0 to 8.8) kJ/kg/day in the Walking Away
Plus arm at 48 months.

At the intermediate, 12-month, follow-up, there were no differences in the Walking Away arm
compared with the control arm in any of the objectively assessed or self-reported physical activity
variables. However, participants in the Walking Away Plus arm were found to have increased their
ambulatory activity by 547 (97.5% CI 211 to 882) steps per day compared with those in the control
arm, and had increased their time spent walking by 8.5 (97.5% CI 3.3 to 13.7) minutes per day and in
moderate to vigorous physical activity by 3.5 (97.5% CI 0.6 to 6.5) minutes per day compared with
those in the control arm. In addition, at 12 months, participants in the Walking Away Plus arm had
been 1.61 (97.5% CI 1.05 to 2.45) times more likely to achieve 150 minutes per week of unbouted
moderate to vigorous physical activity than participants in the control arm.

In the Walking Away Plus arm, triglycerides were reduced at both 12 months (mean intervention effect
–0.15 mmol/l, 97.5% CI –0.29 to –0.01 mmol/l) and 48 months (mean intervention effect –0.11 mmol/l,
97.5% CI –0.21 to 0.00 mmol/l) compared with control. The Walking Away arm lost around 1 kg in body
weight at 12 and 48 months compared with control, with reductions observed in waist circumference
and improvements seen in markers of liver function. Other lifestyle, anthropometric and biochemical
variables were unchanged in both the Walking Away and the Walking Away Plus arms at 12 and
48 months compared with the control arm, as were symptoms of anxiety and depression.
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Despite the lack of an intervention effect at 48 months, rates of self-reported engagement with the
key behaviour change techniques were notably higher in the intervention arms than in the control arm.
At 48 months, 64.2% of participants in the Walking Away Plus arm and 49.7% of participants in the
Walking Away arm reported using a pedometer at least some of the time, compared with 19.7%
in the control arm. Similarly, 40.9% and 30.6% in the Walking Away Plus and Walking Away arms,
respectively, reported keeping an exercise log at least some of the time, compared with 11.1% in the
control arm, and 78.8% and 73.0% in the Walking Away Plus and Walking Away arms, respectively,
reported setting themselves exercise goals, compared with 64.0%% in the control arm. However,
participants in all arms reported high levels of self-efficacy in engaging on physical activity at baseline,
and these levels remained high throughout the intervention.

The findings from the embedded qualitative study also suggested that participants actively engaged
with the interventions and found the experience positive, with the tailored mHealth follow-on
support reported as being helpful. However, a common theme was that that major illnesses, injury or
life events that had occurred during the 4-year trial period in this older population had caused relapse
and discontinuation with the programme, after which it was hard to re-engage.

The real-world costs of delivering Walking Away and Walking Away Plus were estimated as £257 and
£322 per person, respectively. The probabilistic lifetime costs of Walking Away and Walking Away Plus
(£22,945 and £23,018, respectively) remained higher than those of standard care (£22,598). Lifetime
cost-effectiveness modelling over a 30-year horizon suggested that standard care had the highest
probability of being cost-effective below a threshold of £20,000 per QALY. It was further estimated
that, to reach a threshold of £20,000 per QALY, the Walking Away Plus arm would have to be
delivered at a maximum cost of £116 per person. However, there was a high level of uncertainly in
these estimates, with the value-of-information analyses indicating that the total value to the UK of
research to eliminate all uncertainty can be estimated at £279,559,484.

Conclusions

Despite continued engagement with behaviour change techniques, and modest but clinically meaningful
changes in physical activity at 12 months, combining a group-based physical activity intervention designed
for implementation in primary care with text messaging and telephone support did not result in sustained
changes at 48 months.

Although the findings from the embedded qualitative studies suggested a positive impact on physical
activity levels and understanding of diabetes risk, combining a group-based physical activity
intervention designed for implementation in primary care with text messaging and telephone support
may not be cost-effective over the trial period or over a lifetime.

The increased ownership and adoption of self-monitoring technologies in the wider population during
the years PROPELS was running was a contextual influence on participants in all three study arms
that should be given consideration. The characteristics of the participants at baseline should also be
noted; the majority of the participants recruited were not confirmed to have HbA1c values within the
prediabetes range at baseline, and > 50% achieved 150 minutes of moderate to vigorous physical
activity, with high levels of physical activity self-efficacy reported at baseline in all arms. These findings
may, therefore, be generalisable only to relatively healthy, active participants, and not necessarily to
those referred to diabetes prevention programmes within primary care. Nevertheless, this study is
consistent with the wider literature in both active adults and those with diagnosed type 2 diabetes,
as very few studies have reported sustained increases in objectively assessed physical activity
beyond 12 months.
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The embedded qualitative research revealed several explanations for the poor sustainability of the
physical activity increase found in the trial. Notably, factors related to ageing and associated health
risks and conditions featured prominently, with falls, accidents or surgery – and the associated
recovery – leading to long periods of reduced activity. This suggests that effectiveness may be
enhanced by incorporating additional support designed to improve resilience to such life events that
participants can call on in the event of a major health issue/illness.

Future research should, therefore, focus on identifying the intervention types, components and
features that are most successful in helping maintain physical activity behaviour change over the long
term and in diverse populations; evaluating the long-term effectiveness and cost-effectiveness of
routinely delivered national diabetes prevention programmes; testing a stepped prevention programme
of initial lifestyle intervention before offering pharmacological interventions (e.g. metformin) to those
who do not adhere to or are unable to take up lifestyle interventions; illuminating the importance of
risk status and risk communication to behaviour change; and exploring the importance of integrating
rehabilitation from illness or injury as a core intervention component to sustain long-term physical
activity behaviour change.

Trial registration

This trial is registered as ISRCTN83465245.

Funding

This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 25, No. 77.
See the NIHR Journals Library website for further project information.
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Chapter 1 Introduction: background and
rationale

Parts of this chapter have been reproduced with permission from Yates et al.1 This is an Open
Access article distributed in accordance with the terms of the Creative Commons Attribution

(CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: https://creativecommons.org/
licenses/by/4.0/. The text below includes minor additions and formatting changes to the original text.

Type 2 diabetes: prevalent but preventable

In 2019, the International Diabetes Federation estimated that 463 million people were living with
diabetes. This figure is predicted to rise to 700 million by 2045.2 Type 2 diabetes (T2D), the most
common form of diabetes, has been estimated to be the third leading cause of mortality globally and
its growing prevalence over recent decades, both in the UK and worldwide, is one of the greatest
health challenges facing modern society. A diagnosis of T2D drastically increases lifetime health-care
expenditures.3 Health-care expenditures associated with T2D are, therefore, substantial; in the UK,
diabetes currently accounts for approximately 10% of the total health resource expenditure and is
projected to account for approximately 17% by 2035 as a result of the sharply increasing prevalence of
T2D and its related complications. Some 80% of the costs of diabetes are attributable to complications,
which include limb amputation, blindness, kidney failure and stroke.4

This rising burden of T2D has precipitated three decades of research and health-care policies aimed
at preventing diabetes in individuals deemed to be at high risk of developing the disease. High-risk
status is defined as an intermediary category of glucose control that is outside the normal range but
below the threshold for diagnosis of T2D. Historically, this intermediary range has been classified
through impaired fasting glucose or impaired glucose tolerance following an oral glucose tolerance test
(OGTT).5 Supporting international consensus, the National Institute for Health and Care Excellence
(NICE) recognises that glycated haemoglobin (HbA1c) in the range of 42–47 mmol/mol (6.0–6.4%) can
also be used to identify people who are at high risk of developing T2D, alongside the traditional
definitions.6,7 This high-risk category is referred to variously as ‘intermediate hyperglycaemia’, ‘impaired
glucose regulation’, ‘non-diabetic hyperglycaemia’ and ‘prediabetes’. Although we acknowledge that
there is debate around these terms, we have chosen to use the term ‘prediabetes’ here to facilitate
readability. Some 25–50% of individuals in these risk categories go on to develop T2D within a 10-year
period and, without intervention, as many as 70% will eventually develop T2D during their lifetime.8

Large prevention trials globally, including in Europe, the USA, China and India, have demonstrated
that lifestyle interventions aimed at weight loss, a healthy diet and increased physical activity can
lead to a 50% reduction in the risk of developing T2D,9 with health benefits sustained over the longer
term after the intervention has ceased.10–12 Such interventions were subsequently modelled to be
cost-effective.13 Translational research has further demonstrated that lifestyle interventions can lead
to weight loss and a reduction in diabetes risk when implemented in routine clinical settings,14,15 albeit
with lower effectiveness than that demonstrated in large efficacy trials. This has led to the commissioning
and delivery of lifestyle diabetes prevention programme within routine care internationally. The largest
national scheme is ‘Healthier You: the NHS Diabetes Prevention Programme’, which has been rolling
out diabetes prevention across primary care in England16 and now aims to support 200,000 referrals
per year.
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However, despite the concerted efforts made to translate research into practice by enabling lifestyle
interventions to be delivered to those at risk of T2D, success has been limited. Important questions
remain as to how we can engage at-risk individuals with diabetes prevention programmes and sustain
that engagement over time. These are questions that need to be answered if we are to optimise the
prevention of diabetes in the future.

Physical activity for prevention

Physical inactivity is directly involved in the pathogenesis of prediabetes and T2D, and in observational
cohort studies it has consistently been associated with an increased risk of the disease.17 Conversely,
high levels of physical activity have been associated with a lower risk of developing diabetes. Importantly,
even moderate levels of physical activity have been shown to offer substantial clinical benefits.18 For
example, evidence from the Finnish Diabetes Prevention Study demonstrated that the risk of diabetes
was reduced by > 60% in those with prediabetes who walked for 150 minutes per week compared with
those who walked for < 60 minutes per week in their leisure time.19 Similarly, a large international
cohort study demonstrated that each 2000-steps-per-day increase in walking activity (equivalent to
20 minutes of brisk walking) decreased the risk of cardiovascular disease mortality and morbidity by
8% in people at high risk.20 We have also demonstrated that each 30-minute increase in moderate to
vigorous physical activity in adults at risk of diabetes leads to a decrease in HbA1c of 0.11%, equivalent
to an 8-kg reduction in body weight.21

Although the seminal diabetes prevention trials were successful at initiating weight loss, we have
previously shown, in a systematic review of the evidence, that these same trials were unable to
demonstrate clinically significant increases in physical activity over the longer term (> 12 months),
and that there have not been any long-term interventions primarily focused on physical activity in
those with prediabetes.22 We therefore concluded that, at the gold standard randomised controlled
trial (RCT) level of evidence, the effect of physical activity on diabetes risk is equivocal, and that strategies
for effective pragmatic physical activity promotion in this population need to be researched thoroughly.

Harnessing structured education for physical activity promotion

Structured education refers to educational interventions, generally delivered in a small-group setting,
that are aimed at the promotion of self-management and health behaviours and are underpinned by
established health behaviour theories, a written curriculum and standardised educator training and
quality assurance pathways. It is widely used as a central component of diabetes management pathways
within routine care and has been recommended by NICE since 2003.23 One of the most prominent
structured education programmes for people diagnosed with T2D available to commissioning organisations
nationally in the UK, and, to our knowledge, the only programme to have undergone a multicentre RCT to
quantify clinical effectiveness and cost-effectiveness, is the Diabetes Education and Self-Management for
Ongoing and Newly Diagnosed (DESMOND) programme.24,25 The DESMOND trial reported reductions in
cardiovascular disease risk profile, reduced depression, enhanced smoking cessation and weight loss,
and had an incremental cost-effectiveness ratio (ICER) of £2092 per quality-adjusted life-year (QALY)
gained, which makes it significantly cheaper than would normally be considered cost-effective by UK
decision-makers.24,25 The widespread existing infrastructure of the DESMOND model is now being
adapted to the area of prevention, as it offers a feasible and scalable model for implementing diabetes
prevention programmes in primary care and public health settings.26

Pilot work undertaken by our group, concluding with a single-centre RCT, demonstrated that the
approach used in the DESMOND programme can be successfully adapted to promote physical activity
among those identified as having prediabetes and that the effectiveness of structured education can be
enhanced by pedometer use.27 The Prediabetes Risk Education and Physical Activity Recommendation
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and Encouragement (PREPARE) structured education programme was found to increase physical activity
levels and substantially reduce fasting and post-challenge glucose levels in a multiethnic population
over 12 months when combined with pedometer use.27 Following this proof of principle, the PREPARE
programme was subsequently developed into the Walking Away from T2D programme (referred to
hereafter as ‘Walking Away’) that was broadened into an intervention for a wider high-risk population
(not just those with diabetes, but those with any risk factors for T2D) for which a full educator training
and quality assurance programme was also developed and piloted (see Report Supplementary Material 2).
Walking Away was subsequently commissioned into routine primary care pathways throughout England
as a low-resource prevention programme. A later trial of this implementation work, supported by
the National Institute for Health Research (NIHR) Collaborations for Leadership in Applied Health
Research and Care (now Applied Research Collaboration) infrastructure, demonstrated small changes
(410 steps per day increase) to physical activity over 12 months, with evidence of greater behaviour
change in those with prediabetes (513 steps per day increase).28 Therefore, although Walking Away
has been shown to be potentially effective in promoting physical activity behaviour change when
delivered in primary care, particularly to those with prediabetes, work is needed to investigate whether
or not greater and longer-lasting physical activity behaviour change can be achieved by integrating
other low-cost pragmatic approaches enhanced with technological interventions and whether or not
the intervention is effective and cost-effective when delivered to multiethnic communities that are
reflective of modern Britain.

Using mobile health technologies to increase scalability

New technologies, such as the internet [electronic health (eHealth)], mobile devices and wearables
[mobile health (mHealth)], have the potential to enhance behaviour change interventions by offering
scalability, interactivity and reach, and have the capacity to offer highly tailored, interactive behaviour
change maintenance support.

Text messaging interventions have been used to support medication adherence, physical activity, weight
loss, smoking cessation and the prevention/management of chronic disease, either as a standalone
intervention or in combination with other modes of delivery, such as face to face.8,29–32 However, these
interventions have tended not to be evidence based and to offer general rather than highly tailored
support. A recent systematic umbrella review showed that such distal technologies in the management of
people with T2D led to modest changes in HbA1c.33 Uncertainty remained, however, about the long-term
effectiveness of theory- and evidence-based physical activity interventions using mHealth, which is
suitable for integration into routine and evidence-based diabetes prevention pathways and programmes
in primary care.34 Such interventions are likely to have particular salience for the promotion of physical
activity given that self-monitoring interventions based on pedometers or wearables have been shown to
be effective in promoting increased physical activity across different populations.35 They were, therefore,
ideally suited for integration with the eHealth or mHealth platforms.36

Ethnicity

In industrialised societies, certain minority ethnic groups are known to have a substantially higher risk
of T2D than others. Prevalence and progression rates for diabetes are up to four times higher among
South Asian people, who constitute the largest ethnic minority group in the UK, than among the
general population.37 This elevated risk of chronic disease is compounded by lifestyle factors, most
notably physical inactivity; South Asian people residing in the UK have been shown to be substantially
less active and to have lower levels of cardiovascular fitness than the general population.38–40 These
differences in physical activity behaviour and levels of cardiorespiratory fitness have been linked to
the increased prevalence of chronic disease and the higher rates of insulin resistance observed in
South Asian populations;40,41 South Asian people, therefore, represent a priority target population in
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the prevention of T2D. However, evidence is limited that diabetes prevention programmes in a
European context have been successful in changing lifestyle behaviours and improving health in
minority ethnic groups. The largest trial to date, the Prevention of Diabetes and Obesity in South
Asians (PODOSA) trial,42 demonstrated a small effect on weight (reduction of 1.64 kg) following a
family-based intervention programme, but no significant effect on physical activity.

Principal research objectives

The principal research objectives of the PROPELS study were to:

1. develop a tailored mHealth intervention to provide follow-on support for participants referred to
the Walking Away programme

2. investigate whether or not Walking Away can lead to sustained increases in physical activity after
4 years in an ethnically diverse population at high risk of T2D, when delivered at two levels of
ongoing follow-on maintenance support (with and without the mHealth intervention developed in
the previous objective)

3. compare the effectiveness of the tested interventions in white European and South Asian subgroups
4. conduct a within-trial and long-term economic evaluation of each tested intervention using the

costs and benefits arising from the study, rates of progression to diabetes, biomedical outcomes,
NHS resource use and quality of life.
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Chapter 2 Trial design and methods

Parts of this chapter have been reproduced with permission from Yates et al.1 This is an Open
Access article distributed in accordance with the terms of the Creative Commons Attribution

(CC BY 4.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: https://creativecommons.org/
licenses/by/4.0/. The text below includes minor additions and formatting changes to the original text.

The PRomotion Of Physical activity through structured Education with differing Levels of ongoing Support
for those with prediabetes (PROPELS) study was a multicentre RCT that compared two modes of a
physical activity intervention with a control condition. The RCTwas centred on the established Walking
Away intervention. The PROPELS trial comprised two phases: the development and piloting phase of a
mHealth intervention to provide follow-on support for Walking Away, and a multicentre RCT to test the
efficacy of the intervention in a diverse multiethnic population. This chapter will focus on the design and
methods of the RCT, and, therefore, it closely reflects the previously published study protocol.1

Recruitment of participants

Participants were recruited across two demographically distinct centres, Leicester and Cambridge, UK,
with a required sample size of 1308 (see Sample size). The primary method of recruitment was through
primary care by using data collected by the NHS Health Checks programme, a screening programme
run in England designed to identify and treat vascular disease risk (heart disease, stroke, diabetes and
kidney disease) in all individuals aged 40–74 years, which has led to many primary care practices
recording their patients’ HbA1c or fasting glucose values.43

In both Leicester and Cambridge, our research teams worked in collaboration with practices providing
the Health Checks programme to recruit individuals who were identified as having prediabetes and
were not currently on a systematic diabetes prevention pathway. To help this process, recruited
practices were trained to run an established automated diabetes risk score within their practice
database.44 A function within the risk score used a Morbidity Information QUery and Export SynTax
(MIQUEST) search to identify all individuals who had had a previous blood glucose or HbA1c result
recorded in the prediabetes range at any point during the 5 years preceding recruitment.44 In
Cambridge, participants meeting the inclusion criteria were also recruited from existing population-
level research studies (specifically the Fenland Study45).

Eligible individuals identified as having a HbA1c or blood glucose value in the prediabetes category
during the previous 5 years were sent an invitation letter, a brochure about the study and a reply slip.
Those recruited directly from primary care were sent the invitation letters by the primary care practice
at which the search was conducted. Those recruited from existing research databases were sent the
invitation by the principal investigator of that study. Individuals who were interested in taking part
were asked to return the reply slip directly to the PROPELS trial research team. An appointment was
then arranged for a baseline visit and the individual was sent the full study patient information sheet
along with a confirmation letter.

To allow for increased generalisability and the ability to stratify results by ethnicity (see Sample size),
recruitment was purposely targeted so that 25% (n = 327) of the total cohort would be of South
Asian ethnic origin; therefore, we aimed to recruit 66% (n = 863) of participants from Leicester and
Leicestershire, which has a more ethnically diverse population than Cambridgeshire. Leicester city is, in
fact, one of the most ethnically diverse places in the UK; according to 2011 census figures,46 37% of its
population are Asian/Asian British (predominantly of Indian heritage).
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Eligibility/exclusion criteria

Individuals were eligible for the trial if they:

l were aged 40–74 years, or 25–74 years if they were South Asian
l had had a recorded plasma glucose or HbA1c value in the prediabetes range during the previous

5 years (see Table 1)
l had access to a mobile telephone and were willing to use it as part of the study.

Individuals were excluded from the trial if they were:

l unable to take part in ambulatory-based activity
l pregnant
l involved in other related intervention studies
l diagnosed with diabetes, or diabetes was detected at baseline visit
l unable to understand basic written and verbal English
l unable to give informed consent.

Protocol for participants found to have type 2 diabetes at baseline

At Leicester, individuals who had a HbA1c value in the diabetes range at baseline (Table 1) were
recalled for a second, confirmatory, test, and if diabetes was confirmed they were referred back to
their physician for routine care. At Cambridge, the individual’s primary care clinician was informed of
the need to confirm diagnosis as appropriate. Individuals found to meet the World Health Organization
and NICE47,48 criteria for a diagnosis of diabetes were excluded from the study.

Protocol for participants found to have normal glycaemia at baseline

Individuals who were found to have normal glycaemia at baseline were included in the study, provided
that they met the inclusion criterion of a historical blood glucose level in the prediabetes range during
the previous 5 years.

TABLE 1 Glycaemic control categories used in the PROPELS trial

Variable

Normal glycaemia
Prediabetes (inclusion criteria
for PROPELS)b T2D

Upper value Lower value Upper value Lower value

HbA1c (%)a < 6.0 ≥ 6.0 < 6.5 ≥ 6.5

HbA1c (mmol/mol) < 42 ≥ 42 < 48 ≥ 48

Fasting plasma glucose (mmol/l)a < 5.5 ≥ 5.5 < 7.0 ≥ 7.0

2-hour post-challenge glucose (mmol/l) < 7.8 ≥ 7.8 < 11.1 ≥ 11.1

a Data from NICE guidelines (2012).6

b Participation in the PROPELS trial required a value in this range during the 5 years preceding recruitment.
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Randomisation and blinding

Once baseline data had been collected, participants were randomised (stratified by sex and ethnicity)
using an online randomisation tool hosted at the University of Leicester Clinical Trials Unit. Individuals
were randomised (1 : 1 : 1) to one of three study arms:

1. control arm
2. Walking Away arm
3. Walking Away Plus arm.

The only exception to this was that individuals recruited from the same household were randomised
to the same study arm. Participants were informed by letter of their allocated treatment. Study arm
allocation was concealed from the study measurement teams conducting the 12- and 48-month
follow-up and the research staff processing the accelerometer data.

Owing to the nature of the trial, patients and intervention providers were not blinded to study arm
allocation. However, those processing the accelerometer data to generate the primary outcome were
blinded to allocation.

Control study arm: detailed advice leaflet

Participants allocated to the control study arm received an advice leaflet (see Report Supplementary
Material 1) detailing the likely causes, consequences, symptoms and timeline associated with
prediabetes, as well as information about how physical activity can reduce the risk of developing T2D.
The leaflet was informed by Leventhal’s common sense model,49 which also underpinned the structured
education programme. Participants also continued to receive routine care from their GP.

Walking Away study arm: group-based behaviour change intervention with
annual refresher sessions

Participants assigned to the Walking Away study arm were given the same advice leaflet that those in
the control study arm received and were invited to attend, within 3 months of their baseline clinic visit,
a 3-hour behaviour change intervention titled ‘Walking Away from Type 2 Diabetes’ (Walking Away),
along with annual refresher sessions. The intervention is described in full in Chapter 3.

Walking Away Plus study arm: group-based behaviour change intervention,
annual refresher sessions plus a mHealth intervention to provide
follow-on support

Participants received the same advice leaflet and were invited to attend the Walking Away programme
and annual refresher sessions as described above. In addition, they were provided with follow-on
support in the form of a tailored text messaging and telephone intervention. The text messaging and
telephone aspect of the intervention, hereinafter referred to as ‘the mHealth intervention’, was
developed within the PROPELS programme of work; its content and the process of its development are
described in full in Chapter 3.
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Data collection

Data collection clinics were run by research nurses in the Leicester Diabetes Centre and in the MRC
Epidemiology Unit in Cambridge and at other local community centres and clinic areas. All staff
members were trained in study procedures and data were collected in accordance with the sponsor’s
standardised operating procedures (see Report Supplementary Material 5). Written informed consent
was obtained from each participant before data collection commenced. Details of all clinical
assessments taken are provided in Table 2. After each visit, participants were sent a letter detailing
selected clinical results, and the results were also sent to the participant’s general practitioner.

TABLE 2 Clinical assessments at each time point

Clinical assessment

Time point (months)

0 12 48

7-day step count and physical activity (accelerometer) ✓ ✓ ✓

Blood pressurea ✓ ✓ ✓

Body fat percentage ✓ ✓ ✓

BIPQ ✓ ✓

Dietary questions ✓ ✓ ✓

Enactment of techniques (groups 2 and 3 only) ✓ ✓

EQ-5D; SF-8 ✓ ✓ ✓

Family history of disease ✓ ✓ ✓

Fasting and 2-hour post-75 g challenge glucose and insulin (Leicester only) ✓ ✓

HbA1c
a ✓ ✓ ✓

Heighta ✓ ✓

HADS ✓ ✓ ✓

Lipidsa ✓ ✓ ✓

Liver function testsa ✓ ✓ ✓

Medication status ✓ ✓ ✓

Muscular/skeletal injury ✓ ✓ ✓

NEWS ✓

Walking self-efficacy ✓ ✓ ✓

RPAQ ✓ ✓ ✓

Sleep ✓ ✓ ✓

Smoking status ✓ ✓ ✓

Urea and electrolytesa ✓ ✓ ✓

Use of health resources ✓ ✓ ✓

Waist circumferencea ✓ ✓ ✓

Weighta ✓ ✓ ✓

BIPQ, Brief Illness Perceptions Questionnaire; EQ-5D, EuroQol-5 Dimensions; HADS, Hospital Anxiety and Depression
Scale; NEWS, Neighbourhood Environment Walkability Survey; RPAQ, Recent Physical Activity Questionnaire;
SF-8, Short Form 8.
a The results of these assessments were sent to the participant and their primary care clinician.
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Primary outcome measure: change in ambulatory activity at 48 months

The primary outcome measure was the change in ambulatory activity (steps per day) at 48 months,
assessed using an accelerometer (Actigraph GT3X+, ActiGraph, LLC, Pensacola, FL, USA), with an
intermediary assessment at 12 months. Participants were asked to wear the accelerometer on a
waistband (on the right anterior axillary line) during waking hours for 7 consecutive days following
their baseline and follow-up visits. At the end of the 7 days, participants were asked to return the
accelerometer and log sheet to the research team in a prepaid envelope. Raw acceleration data were
captured and stored at 100 Hz. For the purposes of this study, data were integrated into 60-second
epochs. At least 3 days’ valid wear was required to count as a valid recording. Non-wear time was
determined by ≥ 1-hour of consecutive zero counts. Data processing was undertaken on a commercially
available analysis tool (Kinesoft, Saskatoon, SK, Canada).

Secondary outcomes and descriptive data

Objectively assessed time spent sedentary and in light- and moderate- to
vigorous-intensity physical activity
The accelerometer that was used to measure the primary outcome detailed above also provided
secondary outcome data on the number of censored steps taken per day, defined as steps taken above
an intensity (500 counts per minute) used to distinguish between purposeful and incidental ambulation.50

Commonly used Freedson cut-off points were used to distinguish between time spent sedentary and
time spent in light, moderate and vigorous physical activity.51 Compliance with the physical activity
recommendations of undertaking at least 150 minutes of moderate- to vigorous-intensity physical
activity per week was also assessed;52 this was calculated as (1) the accumulation of 150 minutes overall
of at least moderate-intensity physical activity to meet the Chief Medical Officer’s updated physical
activity guidelines52 and (2) the accumulation of 150 minutes per week of at least moderate-intensity
physical activity in bouts of at least 10 minutes in duration.

Objectively assessed time spent in the postures of sitting/lying, standing and walking
Concurrently with, and in addition to, the ActiGraph accelerometer, participants were asked to wear an
activPAL3™ device. This is a small, slim, monitor worn on the thigh that uses accelerometer-derived
information about thigh position to determine body posture (i.e. sitting/lying, standing or stepping).
The activPAL3™ was initialised using the manufacturer’s software with the default settings (i.e. 20 Hz,
10 seconds’ minimum sitting-upright period) and participants were asked to wear the device continuously
(24 hours per day). The activPAL3™ was covered with a nitrile sleeve and fully wrapped in one piece
of waterproof dressing [Hypafix Transparent (BSN Medical, Hamburg, Germany)] to allow participants
to wear the device during bathing activities and was secured to the midline anterior aspect of the upper
thigh using hypoallergenic waterproof dressing (Hypafix Transparent). Data were analysed using a
bespoke open-source processing package [ProcessingPAL; URL: https://github.com/UOL-COLS/
ProcessingPAL/releases/tag/V1.2 (accessed 16 November 2021)]. Data on waking wear time, time spent
sedentary, time spent standing and time spent walking were utilised for this study.

Recent Physical Activity Questionnaire
Self-reported physical activity was measured using the Recent Physical Activity Questionnaire (RPAQ),
which assesses physical activity across four domains (domestic, recreational, work and commuting)
over the previous month. RPAQ has shown moderate to high reliability for assessing physical activity
energy expenditure, and good validity in ranking individuals according to their time spent in vigorous
intensity physical activity and overall physical activity energy expenditure.53

Biochemical variables and diabetes diagnosis
Venous sampling was used to assess standard biomedical outcomes, comprising HbA1c, lipid profile
(triglycerides, HDL, LDL and total cholesterol), urea and electrolytes (sodium, potassium, urea and
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creatinine), and liver function tests (albumin, total bilirubin, alkaline phosphatase and alanine
transaminase). Assays were completed in quality-controlled clinical laboratories at University Hospitals
of Leicester NHS Trust and Cambridge University Hospitals NHS Foundation Trust. At the Leicester
site only, participants were assessed for fasting and 2-hour post-challenge glucose and insulin levels
following a 75-g OGTT; the OGTT results will be analysed at a later date and used to provide greater
clinical insight into how physical activity affects metabolic health.

For the purposes of the main trials, the classification of glycaemic status was based on HbA1c values
using World Health Organization and NICE guidelines47,48 (see Table 1). During the trial, participants at
the Leicester site who were found to have a HbA1c value in the diabetes range (≥ 6.5% or 48 mmol/mol)
were recalled for a second, confirmatory, test, and if diabetes was confirmed they were referred to their
clinician. At Cambridge, the response to a HbA1c value in the diabetes range was to send a letter to the
individual’s primary care clinician informing them of the need to confirm a diagnosis.

Protocol for participants found to have type 2 diabetes during the trial
Participants diagnosed with T2D during the trial were retained and continued to be offered all study
and interventional procedures, as the primary outcome measure was change in physical activity.

Standard anthropometric and demographic measurements
Height, body weight, body fat percentage and waist circumference were measured to the nearest
0.5 cm, 0.1 kg, 0.5% and 0.1 cm, respectively. Waist circumference was measured using a soft tape
measure mid-way between the lowest rib and the iliac crest. Arterial blood pressure was obtained from
the right arm of the participant when seated; three measurements were taken and the average of the
last two measurements was used. Information on ethnicity, medication history, current smoking status,
family history of diabetes in first- and second-degree relatives, and muscular/skeletal injury that
prevents physical activity were obtained by self-report. Social deprivation was determined by applying
the English Index of Multiple Deprivation (IMD) to participants’ postcodes. For descriptive purposes,
data are categorised at the national quintile values to show that the distribution within the recruited
population is generalisable to the national average.

Genetics
A blood sample for future genetic analysis was also collected from those who consented.

Cardiovascular risk
Secondary outcomes were used to estimate cardiovascular risk, calculated through the Framingham
Risk Score.54 The Framingham Risk Score has been shown to perform reasonably well in multiethnic
UK populations, although it may underestimate risk in South Asian ethnic minorities.55 However,
the secondary outcomes in the PROPELS trial did not allow a more comprehensive risk score to
be employed.

Sleep
Participants self-reported on two single-item questions asking about sleep duration in the last night
and average sleep duration during a usual week.

Self-reported dietary behaviour
Dietary behaviour was captured in two short questionnaires used in previous research studies by our
group, which were administered to participants for self-completion. The questions were based on an
abbreviated dietary food frequency questionnaire developed for the European Prospective Investigation
of Cancer and Nutrition (EPIC) study and a questionnaire of dietary intentions developed for the
international NAVIGATOR (Nateglinide And Valsartan in Impaired Glucose Tolerance Outcomes Research)
study.56,57 The food frequency questionnaire captured portions per week of fresh fruit, green leafy
vegetables, other vegetables, oily fish, other fish, chicken, meat, eggs, cheese and wholemeal/brown bread.
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In addition, alcohol intake (drinks per day) was captured. Dietary intentions captured the degree (on a
5-point Likert scale) to which each participant was actively trying to limit the amount of total fat,
saturated fat, sugar or salt in their diet.

Health-related quality of life: EuroQol-5 Dimensions, SF-8 and Hospital Anxiety and
Depression Scale
Health-related quality of life was measured using the EuroQol-5 Dimensions, three-level version
(EQ-5D-3L),58 and the Short Form (SF-8) Health Survey.59 The EuroQol-5 Dimensions (EQ-5D) is a
standardised questionnaire developed for use as a measure of health outcomes. It defines health
in terms of five dimensions: mobility, self-care, usual activities, pain or discomfort, and anxiety or
depression. It is widely used to calculate QALYs, which are essential for cost-effectiveness analysis.
The SF-8 is a self-administered questionnaire that measures eight health domains (general health,
physical functioning, role limitations due to physical health problems, bodily pain, vitality, social
functioning, mental health and emotional roles) using eight questions. The standard (4-week) recall
format was used. Data from SF-8 responses were used to derive a physical component score and a
mental component score.

Depression and anxiety symptomology were measured using the Hospital Anxiety and Depression
Scale to produce independent subscales for anxiety and depression.60

Health, medication and smoking status
Medical history and medication status were measured using an interview-administered protocol.
Data on family history of diabetes and cardiovascular disease, smoking status and muscular/skeletal
injury were obtained by self-report. All adverse events that were reported to the study sponsor
(University of Leicester) were also recorded.

Health resources
A health resources questionnaire was used to record the number of times that the participant had
seen a health-care practitioner (e.g. a GP, nurse or other health worker) over the previous 12 months
and the number of times that they had been to hospital. In addition, the number of contacts and
costs associated with the intervention were captured by the research team and were included in the
cost-effectiveness analysis of the intervention.

General practice data
The research team attempted to collect relevant biochemical data, diabetes diagnosis data and other
medical event data from during the trial directly from participants’ GP practices for those lost to
follow-up. Collected data were matched to the nearest follow-up time point.

Potential mediators of behaviour change

Perceptions of diabetes risk: Brief Illness Perceptions Questionnaire
The validated Brief Illness Perceptions Questionnaire (BIPQ) was used to measure perceptions and
perceived knowledge of diabetes risk at 12 and 48 months.61 BIPQ is an eight-item instrument that
uses an 11-point Likert scale (where 0 = no effect and 10 = complete effect) to measure five cognitive
diabetes risk representations (consequences, timeline, personal control, treatment control and identity),
two emotional representations (concern and emotion) and risk comprehensibility (perceived knowledge).

Walking self-efficacy
Self-efficacy was assessed at baseline and 12 and 48 months using six items to measure participants’
confidence in their ability to walk for 10, 30 and 60 minutes each day. Items used a 100% confidence
rating scale (on which 0% represented no confidence and 100% represented complete confidence).
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Self-reported use of behaviour change strategies
Participants in the Walking Away and Walking Away Plus study arms reported their use of behaviour
change strategies called ‘action control’ measures62 at 12 and 48 months using a 5-point Likert scale
(where 1 =most of the time and 5 = never). The items assessed included how often participants set
goals, formed action plans, used a pedometer, completed a physical activity log, were aware of their
activity levels and were trying to be more physically active.

Uptake and adherence to Walking Away and Walking Away Plus interventions
Measures of uptake and adherence to the interventions included (1) attendance at the initial Walking
Away group session, (2) attendance at the group annual refresher sessions at 12, 24 and 36 months,
(3) the proportion of telephone calls completed, (4) the number of participants who registered for the
text messaging service, (5) the number of STOP messages received for test messaging (i.e. number
opting out of the text messaging and pedometer support), (6) the proportion of intended texts sent,
and (7) the number of step count texts received from participants relative to the number of requests
they were sent (engagement).

Qualitative substudies

A number of qualitative substudies were conducted to contribute to the process evaluation of the
intervention:

1. Focus groups were held with the educators who delivered the programme and the telephone calls;
these were held approximately 12 months after the educators had delivered the final sessions.

2. Focus groups and telephone interviews were held with participants from the two intervention arms
at approximately 48 months. Purposive sampling aimed to achieve a sample that was diverse in
terms of both demographic characteristics and level of engagement with the intervention [e.g. from
those who attended all Walking Away group sessions (groups 2 and 3) and/or responded frequently
to text messages (group 3) to those who attended fewer group sessions (groups 2 and 3) and/or
requested to stop the text messages (group 3)].

These qualitative substudies focused on two novel aspects of the PROPELS intervention: its duration
(4 years, compared with many previous interventions of only 1 year) and the maintenance support
through telephone calls and text messaging. We were specifically interested in understanding the
influences on engagement with the intervention; whether or not and how participants reported that
the intervention helped them to increase and/or maintain physical activity; and how participants and
educators thought that the intervention could be improved.

The procedure for conducting the interviews and focus groups and analysing the scripts is described
in Chapter 5.

Sample size

For 1 – beta = 0.8, alpha = 0.025 (allowing for two a priori comparisons against control conditions),
a standard deviation (SD) 4000 steps per day27,63–65 and a dropout rate of 30% (lost to follow-up and
incomplete primary outcome data) over 4 years, we required 436 participants in each study arm
(1308 in total) to be able to detect a difference in change in ambulatory activity of 1000 steps per
day (equivalent to 10 minutes of walking per day or 70 minutes of walking per week) between
the intervention study arms and the control study arm. Assuming that 25% of participants in the
total cohort were South Asian, we had 80% power to detect a difference of 2000 steps per day
when comparing the two intervention comparisons with the control study arm (α = 0.025) in the
South Asian population.

TRIAL DESIGN AND METHODS
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It should be noted that this sample was intended to be updated based on relevant information that
was published after the development of the protocol. Based on pooled longer-term outcome data for
steps per day from two primary care-based trials that, collectively, recruited 1688 individuals, the
baseline-adjusted SD at 1, 2 and 3 years post randomisation was approximately 2000 steps per day.66

Furthermore, recent evidence has suggested that even small differences in objectively assessed
physical activity are clinically important,67 with 500 steps per day defined as the minimum clinically
important difference in those at risk of T2D.66 Had the study been powered on these parameters,
the overall sample size would have been unchanged, as the standardised differences (1000/4000 vs.
500/2000) are identical. Therefore, it can be noted that the study is likely to be powered to detect
a smaller difference in ambulatory activity in the overall population of 500 steps per day and a
difference in the South Asian population of 1000 steps per day.

Diabetes progression
We assumed a conversion rate to T2D in the control study arm of at least 24% over the entire 4 years
of the study and would, therefore, have 80% power to detect a 40% reduction in the relative risk of
T2D in both intervention study arms compared with the control study arm (α = 0.025). We used an
estimated conversion rate at the lower level reported for traditionally defined prediabetes.5,68

Statistical analysis

See Appendix 1 for the full statistical analysis plan (SAP) developed for this study, as well as the SAP
revision history (see Table 26), SAP responsibilities (see Table 27) and SAP signatories (see Table 28).
The SAP was finalised and published on the trial registry (ISRCTN83465245) before the database was
locked. The trial statistician was not blinded to study arm allocation.

Analysis of the primary outcome: change in ambulatory activity (steps per day) at 48 months
The analysis involved two a priori comparisons in which each intervention arm was compared with the
control study arm. Should either of these comparisons reveal a significant difference, a third a priori
comparison would have been undertaken to compare the difference between intervention arms; this
will be included as a secondary analysis. Data were analysed at the patient level using a modified
intention-to-treat protocol; participants with complete data were analysed in the study arm to which
they had been randomised, regardless of the dose of intervention they actually received. Analyses of
covariance models were used, adjusting for wear time at baseline, wear time at 48 months, number
of valid days at baseline, number of valid days at 48 months, the three randomisation stratification
variables (centre, ethnicity and sex) and ambulatory activity at baseline as covariates. Missing data at
baseline were replaced using the indicator method.69

Ethnicity and other subgroup analyses for primary outcome
For the primary outcome only, interactions between randomised study arm and (1) sex (men/women),
(2) age (< 60 years/≥ 60 years), (3) ethnicity (white European/South Asian/other), (4) family history
of T2D (yes/no), (5) prediabetes status at baseline (yes/no), (6) baseline obesity status [< 30 kg/m2

(27.5 kg/m2 for South Asians), ≥ 30 kg/m2 (27.5 kg/m2 for South Asians)] and (7) baseline deprivation
(split at median IMD score into high vs. low) were tested by including the relevant interaction
parameters in the analysis model.

If the p-value of any of the interactions tested above was < 0.05, then the estimates and 97.5% confidence
intervals (CIs) of the two intervention effects (Walking Away vs. control and Walking Away Plus vs. control)
on the primary outcome were reported in the relevant subgroups.

Sensitivity and per-protocol analysis for the primary outcome
To access the possible impact of excluding those with data lost to follow-up from the analysis, the
primary analysis was repeated replacing missing data using multiple imputation by chained equations,
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across 10 imputed data sets. In addition, to access whether or not adherence to the intervention
affected the results, the primary analysis was repeated when restricted to a per-protocol data set in
accordance with the following criteria:

l control – all individuals
l Walking Away – attended initial education and at least one follow-up annual refresher session
l Walking Away Plus – attended initial education and at least one follow-up annual refresher session

and registered with the text message service and received the initial telephone call and received at
least one further telephone call during the trial.

Analysis of continuous secondary outcomes
Ambulatory activity at 12 months and all other continuous secondary outcomes at 12 and 48 months
were analysed using the same strategy and at the same time points as described for the primary
outcome, with the exception that accelerometer wear values were removed from non-accelerometer-
derived outcomes.

Analysis of binary secondary outcomes
The odds of compliance with moderate to vigorous physical activity recommendations at 12 and
48 months were analysed using logistic regression, adjusted for the randomisation stratification variables
(centre, ethnicity and sex) and compliance with moderate to vigorous physical activity recommendations
at baseline as covariates.

The odds of diabetes at 12 and 48 months were analysed using logistic regression, adjusted for
randomisation stratification variables (centre, ethnicity and sex). Those who were diagnosed with diabetes but
had a HbA1c value subsequently recorded in the non-diabetes range were still classified as having diabetes.

Potential mediators of behaviour change and self-reported use of behaviour
change strategies
To avoid multiple testing with measures that were not study outcomes, data on illness perceptions,
self-efficacy and self-reported use of behaviour change strategies are reported descriptively, but were
not subject to statistical testing.

Statistical significance and reporting of data
As the primary outcome involved two comparisons with the control (Walking Away and Walking Away
Plus), the significance level was adjusted accordingly to account for this multiple testing. Therefore,
statistical significance was considered at a p-value of < 0.025, rather than the tradition p-value of
< 0.05. The results of the statistical analyses are, therefore, reported as means (97.5% CIs) to be
consistent with the lower significance level.

Health economics

Two separate health economics analyses were carried out to assess the cost-effectiveness of the trial
interventions. The primary analysis was a model-based analysis using the School for Public Health
Research Diabetes Prevention Model (henceforth ‘the model’),70 which extrapolated trial outcomes
over a lifetime horizon. The secondary analysis was an evaluation of the within-trial costs and
outcomes, which assessed the costs and benefits of the interventions for the 4-year follow-up period
of the trial. Both analyses took an NHS and Personal Social Services perspective, in line with current
NICE guidelines. Costs for both analyses were valued in 2017/18 Great British pounds. Unit costs were
obtained from nationally representative sources, such as NHS reference costs.71 Any cost sources used
from previous years were inflated to 2017/18 prices using the hospital and community services index
and/or the new health services index.72 The detailed methods of these analyses are described in
Chapter 6 of this report and are summarised briefly below.

TRIAL DESIGN AND METHODS
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The cost of the interventions
Two different sets of intervention costs were calculated. One was the expected costs of the interventions
as they would be implemented in the real world. The intention in using the costs of interventions as we
expect them to be implemented is to correct for budgetary inefficiencies that are an artefact of the trial
process and would not be expected to occur in a real-world setting. To estimate these, we combined data
collected in the study, data from other similar educational interventions and expert opinion. These costs
were used as our base-case costs in both analyses.

The other type of intervention was the cost of interventions in the PROPELS trial, regardless of
whether or not these costs reflect realistic costs, if Walking Away or Walking Away Plus were to be
implemented. These costs will be presented as a sensitivity analysis.

Model-based analysis
The School for Public Health Research model was used to simulate the long-term incidence of T2D,
complications of T2D and other related conditions, such as cardiovascular disease, cancer and
depression. The model is well validated for use in diabetes prevention interventions73 and was adapted
to the specific requirements of the PROPELS trial in three ways:

1. The rates of progression to T2D in the first 4 years of the model were based on a statistical model
derived from data collected in the trial.

2. Daily step count was added as a new population characteristic to incorporate the primary outcome
variable of the trial.

3. The existing cardiovascular risk function was adapted to incorporate the independent effect of
ambulatory activity on cardiovascular risk, as reported in the NAVIGATOR trial.20

The model population was simulated based on an analysis of the baseline characteristics of the trial
participants. Additional characteristics required for the model that were not collected in the trial were
imputed using Health Survey for England data.74 Owing to over recruitment of South Asian participants
in the trial compared with the general population of the UK, analyses were performed separately for
South Asian and non-South Asian populations. These results were then aggregated proportionally to
the ethnic structure of the UK to provide an estimate of cost-effectiveness that was representative of
the UK population as a whole.

The primary model outcomes were aggregated lifetime costs and lifetime QALYs, both of which were
discounted at a rate of 3.5% per annum in line with NICE recommendations.75 Relevant clinical outcomes,
including the number of diabetes diagnoses, incidence of diabetes complications and incidence of related
conditions (including cardiovascular events), are also reported.

Cost-effectiveness was reported as an ICER and net monetary benefit assuming a willingness-to-pay
threshold of £20,000 per QALY, as recommended by NICE.75 Uncertainty around these results was
explored through probabilistic sensitivity analysis (PSA) and value-of-information techniques. We also
conducted scenario analyses, as outlined in Chapter 6.

Within-trial analysis
The within-trial analysis was conducted in line with Ramsey et al.’s76 2015 recommendations for cost-
effectiveness analysis alongside clinical trials. Resource use was calculated using data collected as part
of the trial, and the cost of this was valued using standard unit sources, including, but not limited to,
the British National Formulary77 and NHS Reference Costs.78 The outcome measure was QALYs. Utility
values were calculated by mapping the EQ-5D-5L data collected in the trial to the EQ-5D-3L scores,
as recommended by NICE.75 The resulting scores were valued using the standard EQ-5D-3L tariff for
the UK population.79 The total QALYs were estimated using an area-under-the-curve method. The costs
and QALYs accrued after the first year were discounted at 3.5% in line with NICE guidance.75 As for
the model-based evaluation, the results are presented as an ICER and net monetary benefit, assuming
a willingness-to-pay threshold of £20,000 per QALY.75
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Research governance

The study was conducted in accordance with the Research Governance Framework for Health and
Social Care. The sponsor institution responsible for verifying research governance arrangements was
the University of Leicester.

Trial Steering Committee
The trial was overseen by an independent Trial Steering Committee (TSC), which was responsible for
the overall management and oversight of the trial. The TSC was made up of:

l Simon Heller, Professor of Clinical Diabetes, University of Sheffield (chairperson)
l Richard Morris, Professor in Medical Statistics, University of Bristol
l Des Johnston, Professor of Clinical Endocrinology, Imperial College London.

The TSC met approximately every 6 months, normally within 2 months of a meeting of the Data
Monitoring and Ethics Committee (DMEC).

Data Monitoring and Ethics Committee
A fully independent DMEC reported to the TSC. Although it was highly unlikely that the non-
pharmaceutical, non-invasive interventions proposed would result in any substantial negative effects
on trial participants, the DMEC held responsibility for the interests of participant safety and data
integrity and reviewed all reported adverse events. It also assessed data at 12 months, with predefined
rules for stopping the trial for futility if specific criteria were met. These criteria were based on
whether or not there was evidence that the intervention was causing harm, defined as a decrease in
the primary outcome (ambulatory activity) in the intervention arms compared with the control arm,
based on the 99% CI and 95% CI. If a decrease was seen based on the 99% CI in both arms, then the
trial would be terminated. If a decrease was seen based on the 95% CI, then secondary outcomes
would be considered in making a recommendation for termination. These criteria were not met.

In addition, the DMEC reviewed and signed off the statistical analysis plan. The DMEC comprised
Graham Hitman, Professor of Molecular Medicine and Diabetes, Queen Mary, University of London
(chairperson); Naveed Sattar, Professor of Cardiovascular and Medical Sciences, University of Glasgow;
and Michael Campbell, Emeritus Professor of Medical Statistics, University of Sheffield.

Data integrity
The study was reviewed by the NHS National Research Ethics Service Committee East Midlands –
Leicester and the Comprehensive Local Research Network (ethics number 12/EM/0151). All data
were entered (through secure web-based access) and held in a specifically designed database in the
Leicester Clinical Trials Unit. The database was designed with internal validity and quality control
checks; potential errors were highlighted to, and corrected by, the study team. Data were released to
the study statistician at predefined time points.

Ethics approval
Ethics approval was granted by the NHS National Research Ethics Service, East Midlands – Leicester
Committee, which co-ordinates ethics permissions across the following study and recruitment sites:

l University Hospitals of Leicester NHS Trust
l Leicester City Clinical Commissioning Group
l West Leicestershire Clinical Commissioning Group
l East Leicestershire and Rutland Clinical Commissioning Group
l University of Cambridge
l MRC Epidemiology Unit
l Cambridge and Peterborough Clinical Commissioning Group
l Cambridge University Hospitals NHS Foundation Trust.
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Amendments
The PROPELS protocol was subject to 14 amendments, none of which changed the main aims or
objectives of the trial; for a list, see Appendix 3.

Trial registration
The trial was registered with ISRCTN as ISRCTN83465245: The PRomotion Of Physical activity
through structured Education with differing Levels of ongoing Support for those with pre-diabetes
(PROPELS) (https://doi.org/10.1186/ISRCTN83465245).
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Chapter 3 Intervention description and
development

This chapter details the content of Walking Away and the development work that informed the text
messaging and telephone (mHealth) support element used in the Walking Away Plus study arm.

The intervention description was developed in accordance with the principles of the Template for
Intervention Description and Replication (TIDieR) checklist.

Walking Away: group-based behaviour change intervention with annual
refresher sessions

Walking Away is an established programme that was developed within the infrastructure of NIHR
CLAHRC (Collaboration for Leadership in Applied Health Research and Care) East Midlands for
implementation in primary care; it has been described in detail elsewhere.80 Walking Away went on to
be implemented nationally through commissioned diabetes prevention services. Walking Away formed
the core intervention programme that was evaluated within PROPELS. Based on learning generated by
the development and trial work supported by the CLAHRC, minor revisions were made to Walking
Away so that it could be used within PROPELS. In particular, the way that risk was communicated was
broadened to emphasise that the risk of diabetes increases as the number of related risk factors
increases to extend the focus beyond glycaemia.

Walking Away is underpinned by a theoretical framework focusing on linking motivational and
volitional determinants of health behaviour. It draws on mutually complementary health behaviour
theories and behaviour change techniques, including Bandura’s social cognitive theory,81 Gollwitzer’s
implementation intentions,82 Leventhal’s common sense model83 and Chaiken’s dual process theory,84

and is modelled on the person-centred philosophy and learning techniques developed for the
DESMOND programme.24 DESMOND is a self-management programme for people living with T2D
that is commissioned and delivered both nationally and internationally.

Walking Away: the initial education session
Walking Away was delivered by two trained educators to groups of up 10 participants, with
participants invited to bring a family member or a guest if they wished. Sessions were delivered in a
variety of settings chosen for proximity to the recruiting GP surgeries, including at the surgeries
themselves, in nearby community centres and at hospital sites.

The curriculum for the initial education session, examples of activities and the underlying theories and
behaviour change techniques are presented in Table 3. Walking Away was aimed at increasing participants’
knowledge of diabetes risk, changing their outcome expectations about how physical activity can lead to
decreased diabetes risk, and strengthening their self-efficacy for engaging in increased physical activity.
The programme was designed to harness key behaviour change techniques related to self-regulation,
including goal-setting, action-planning, self-monitoring and barrier identification/problem-solving to
ensure that motivation for behaviour change translated into actual behaviour change. Self-monitoring
was supported through the provision of a pedometer [Yamax SW200 (Yamax, Shropshire, UK)].
Participants used their daily habitual step count (measured at baseline prior to the education
programme) to set personalised steps-per-day activity goals.

Participants were encouraged to increase their activity levels by up to 3000 steps per day, equivalent
to around 30 minutes of walking. Goal attainment was encouraged through the behaviour change
technique of setting graded tasks, whereby the use of proximal objectives, such as increasing ambulatory
activity by 500 steps per day every 2 weeks, is used to work up to overall goals. Participants were
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TABLE 3 Outline of the curriculum for the initial education session for Walking Away80

Module Main aims Example activity Theoretical underpinning

Behaviour change
techniques employed
(mapped from Michie et al.85)

Time
weighting

Introduction Welcome/housekeeping 5 minutes

Patient
story

Give participants a chance to share their
knowledge and perceptions of being
identified as ‘at risk’ of T2D and highlight any
concerns that they may want the programme
to address

Participants are asked to share their
story, how they were diagnosed as
being ‘at risk’ of developing T2D and
their current knowledge of being
‘at risk’

Common sense model83 Provide normative
information about others’
behaviour

25 minutes

Professional
story

Use simple non-technical language, analogies,
visual aids and open questions to provide
participants with:

l an overview of healthy glucose metabolism
l the aetiology of diabetes
l an overview of the macrovascular

complications associated with being
‘at risk’ of T2D

Individuals are helped to plot their
individual risk (fasting and 2-hour blood
glucose levels, cholesterol and blood
pressure levels – assessed at baseline)

Common sense model83

Dual process theory

Social cognitive theory81

Provide information on
consequences of behaviour

35 minutes

Risk story l The meaning and assessment of risk in the
context of developing T2D

l Explore personal risk of developing T2D

Participants explored the broader
risk factors for T2D beyond glucose
values, including generating a list of
non-modifiable (e.g. family history
and age) and modifiable risk factors
(e.g. overweight, blood pressure,
cholesterol levels). Participants were
then supported to plot their own risk
factors onto a risk chart to work out
their individual risk areas

Social cognitive theory81

Dual process theory84

Provide information on
consequences of behaviour

25 minutes
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Module Main aims Example activity Theoretical underpinning

Behaviour change
techniques employed
(mapped from Michie et al.85)

Time
weighting

Break Refreshments and informal discussion 10 minutes

Physical
activity

Use simple non-technical language, analogies,
visual aids and open questions to help
participants:

l identify how physical activity improves
glucose control

l understand the current physical
activity recommendations

l explore options for incorporating physical
activity (primarily walking) into
everyday life

l identify barriers to exercise
l form action plans
l use their provided physical activity diaries
l set personal goals (based on baseline

pedometer counts)

l Individuals were facilitated in
identifying how many of the
modifiable risk factors generated in
the Risk Story were modifiable by
physical activity

l Individuals are helped to plot their
individual steps per day scores
(assessed at baseline)

l Participants are provided with
a physical activity diary and
encouraged to set their first
action plan

Social cognitive theory81

Implementation
intentions81

Dual process theory84

l Provide information on
consequences of behaviour

l Identification/problem
solving barriers

l Prompting generalisation
of a target behaviour

l Goal-setting (behaviour)
l Goal-setting (outcome)
l Action plan
l Set graded tasks

55 minutes

Diet Increase participants’ knowledge about diet
and give them an accurate understanding of
the link between dietary macro-nutrients and
metabolic dysfunction

Participants are asked to group models
of fats and oils into saturated,
polyunsaturated and monounsaturated
categories

Social cognitive theory81

Dual process theory

Provide information on
consequences of behaviour

20 minutes

Conclusion Questions and future care Signpost to locally available
groups/programmes

5 minutes

Reproduced with permission from Yates et al.80 This article is published under license to BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited. The table includes minor additions and formatting changes to the original table.
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encouraged to make an action plan detailing where, when and how they would reach their first proximal
goal, to repeat action-planning for each new proximal goal, to wear their pedometer on a daily basis
and to self-monitor their ambulatory activity using a specifically designed steps-per-day diary. Although
this was primarily a physical activity intervention, a short time was allocated to covering the key dietary
messages because participant groups had requested this during the intervention development process
for Walking Away.

Walking Away: the annual refresher sessions
As for the original Walking Away RCT, after the initial education session, participants were offered
annual group-based maintenance sessions at 12, 24 and 36 months (‘refresher sessions’). Refresher
sessions each lasted 2.5 hours and were designed to revisit the key messages of the initial session,
strengthen self-efficacy through sharing successes and prompt problem-solving in relation to barriers,
goal-setting and self-monitoring using pedometers. The annual nature of the group sessions was
designed to fit with primary care pathways, in which annual clinical follow-up is recommended for
those with a high risk of chronic disease, such as prediabetes.43,86

Walking Away Plus: with enhanced mHealth follow-on support

Participants assigned to the Walking Away Plus study arm were invited to attend the Walking Away
initial education session and annual refresher sessions, as described above. In addition, they were
provided with a mHealth follow-on support intervention in the form of tailored text messaging and
telephone support.

Text messaging system
Text messages were used to prompt pedometer use and provide tailored feedback on meeting steps-
per-day goals. The frequency of texts received varied over time to coincide with the initial and annual
refresher face-to-face group sessions (Table 4).

The text messaging system was hosted on a secure University of Cambridge server. The program
consists of two parts:

1. a set of tables in a MySQL database
2. a set of PHP (hypertext preprocessor) scripts.

The MySQL tables contain data from participants, which were obtained in two ways:

(a) data elicited by educators during telephone calls (see Telephone support)
(b) data extracted from text messages participants sent to the system, such as the number of steps

participants reported having taken and a STOP message sent by a participant indicating that they
did not wish to receive any further text messages.

A messages table contained the bank of messages that were developed for the PROPELS trial.
Schedule tables specified the days and time slots when text messages should be sent. Matrix tables
specified which variables should be used to individually tailor each message.

Messages were tailored in two ways:

1. Different participants received different messages depending on the values of the relevant
tailoring variables.

2. Tags were embedded in some messages enabling variable values to be inserted dynamically
(e.g. #nname# to insert the participant’s nickname).

INTERVENTION DESCRIPTION AND DEVELOPMENT
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Other tables stored the educators’ identification numbers, messages sent by participants to the system
and messages sent by the system to participants. Messages sent to participants included query
messages, for example asking them to text in their weekly step count.

Participants registered with the system by sending a text that included the keyword ‘PROPELS’ and
their nickname to a specified number. The system was fully automated except for the educator interface,

TABLE 4 MHealth follow-on support for the Walking Away Plus study arm, repeated over the 4 years of intervention

Time point from
education attendance

Type of contact and
frequency Content (behaviour change techniques and their delivery)

0 months Initial group session
(3 hours)

l As for the ‘Walking Away’ arm, plus an extra 15–20 minutes at
the end of the session to explain the follow-on support and what
to expect over the next 12 months in terms of text messaging,
pedometer support and telephone calls

l One week of self-monitoring (using the pedometer and activity
diary) and text messages prompting participant to ‘text in’ their
weekly step total at the end of the week (‘baseline’ steps)

1 week First telephone
call from educator
(15 minutes)

The educator prompted the participant to set an action plan and
personal short- and long-term goals informed by the baseline steps,
and asked the participant about their confidence in achieving goals
and their previous levels of physical activity. Educator recorded this
information on an online form, which was saved to a database for
use in tailoring subsequent text messages

0–2 months Text message contact
(1–3 text messages
per week)

l Participant monitored their activity (pedometer step counts)
each week using a pedometer, an activity diary and a converter
to translate activities other than walking into steps

l Participant received text messages asking them to ‘text in’ their
weekly step count total

l Participant received feedback by text message tailored to goal
achievement, confidence and previous physical activity levels

l Participants who did not make progress with goals received
‘problem-solving’ texts, asking them to text in barriers, and
received tailored responses

2–6 months Text message contact
(one per week)

l Weekly tailored messages targeting attitudes and beliefs,
motivation, self-efficacy and use of behaviour change strategies

l Participant was asked to self-monitor and record steps for
1 week and text in weekly amount (ahead of 6-month
telephone call)

6 months Telephone contact
(15 minutes)

l Educator gave feedback on goal progress and reviewed goals
l Educator prompted problem-solving in relation to barriers
l Educator identified and highlighted benefits experienced
l Educator discussed whether or not experiences of behaviour

change were satisfying and reinforcing
l Educator provided social support
l Educator prompted continued goal-setting and action-planning

7–12 months Text message contact
(once per month)

l Monthly tailored messages targeted attitudes and beliefs,
motivation, self-efficacy and self-reported use of physical
activity behaviours

l Participant was asked to self-monitor and record steps for
1 week and text in weekly amount (ahead of 12-month group
education session)

Optional Telephone contact
(15 minutes)

l Educators called participants who did not respond to text
requests for step counts to encourage participation and solve
any problems

12 months Walking Away
refresher session
(2.5 hours)

See Walking Away study arm
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which allowed manual data entry. The main PHP (hypertext preprocessor) script was set to run every
15 minutes from 06.05. The first time that it ran each day it set up the text messages to be sent that
day. Then, every 15 minutes it checked whether or not the time for sending the messages had been
exceeded. If it had, the messages were sent.

A message was ‘sent’ by sending a HTTP (HyperText Transfer Protocol) request to a company called
FastSMS, which relayed the message over the mobile telephone network. Other scripts sent birthday
and New Year messages, processed incoming texts (relayed from FastSMS) and queried the database
to produce reports, for example of messages sent that day.

Telephone support
Telephone support from trained educators was used to support and tailor the text messaging system.
An educator telephoned the participant approximately 1 week after the Walking Away session to
confirm short- and long-term step goals and an action plan for the next 6 months, and to elicit information
needed to enable the text messaging system to be tailored to variables such as confidence in increasing
physical activity, previous experience of physical activity and potential mobility issues that prevented
walking from being the primary activity. The collected information was captured in an online form and
saved to a database for use in the text messaging programme. Participants also continued to receive
two telephone calls annually to review their progress.

Structure and intensity of mHealth follow-on support
The structure and intensity of the mHealth intervention used in the PROPELS trial is detailed in Table 4.

This annual structure was repeated each year following each group education refresher session for the
4 years that constituted the intervention period.

The mHealth intervention content and the structure used were developed and piloted within the
PROPELS programme of work. This development work, along with examples of the content used,
is detailed below.

Development of the mHealth follow-on support intervention: a pragmatic framework for
developing and piloting a text messaging intervention
The robust development of mHealth behaviour change interventions can be time-consuming, and yet
in RCT protocols87,88 this is often allocated limited time. The time constraints of the PROPELS RCT
protocol provided for 12 months to conceptualise, develop and test the follow-on support programme
prior to the commencement of the RCT. Our methods offer a pragmatic framework for developing
and piloting a text messaging intervention – drawing on relevant behaviour change theory and using
rigorous qualitative methods incorporating user engagement – that lends itself well to replication and
application to the development of similar interventions.

The structured, iterative process that we used to develop the PROPELS follow-on support programme
involved undertaking concurrent and sequential research with the target population while maintaining
a strong focus on the integration of theory and evidence. The methods that we employed combined
features of published mHealth development frameworks89,90 and multiple iterative phases of qualitative
research similar to a user-centered design process.88 Our framework for intervention development and
piloting was informed by the model by Dijkstra and De Vries89 for developing computer-generated
tailored interventions (to conceptualise the programme) and the mHealth development and evaluation
framework by Whittaker et al.90 and Fjeldsoe et al.91 The high level of engagement with our target
population enabled us to refine the design to optimise its acceptability to users.

The four phases of the development process are described below.
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Phase 1: conceptualisation
In line with Dijkstra and De Vries’89 model for developing computer-generated tailored interventions,
our first step was a focused literature review to identify the key psychosocial determinants of
increasing and/or maintaining physical activity levels among adults at risk of developing T2D; these
determinants of physical activity were then translated into the key objectives of the PROPELS follow-on
support programme.

Our literature review focused on text messaging interventions to promote physical activity, but also
reviewed physical activity behaviour change interventions more broadly within our target population
to identify salient behaviour change techniques.92 The main findings from our focused literature review
are summarised below.

Text messaging for physical activity promotion
Two comprehensive meta-analyses demonstrated a growing evidence base for text messaging
interventions to promote health. In the first, which focused on physical activity promotion using mobile
devices,93 most of the included interventions delivered through text messaging were passive, sending
participants relay messages (e.g. goal intentions) or generic, non-tailored information about health
benefits, and most of the participants were younger adults. However, one exception to this was a
pilot study in older people with chronic obstructive pulmonary disease,94 which provided the control
(self-monitoring) study arm with a pedometer and mobile telephone, prompted them to text in details
about their symptoms and exercise, and responded with a standard message to thank them and
encourage them to continue submitting data. Intervention (coaching) study arm participants received
additional ongoing reinforcement coaching messages. Objectively measured step count increased in
the self-monitoring group only. Although this intervention was feasible to deliver, delivery was not
automated, as text responses were manually adjusted by a nurse, and scalability was limited by all
participants being provided with a telephone. The second study of interest was a RCT in middle-aged
healthy adults of a fully automated intervention, consisting of a wrist-worn device, an interactive
website to provide feedback on physical activity and text messaging reminders of activity plans, which
reported significant increases in objectively measured activity compared with no support.95

The second meta-analysis investigated the efficacy of different formats of text messaging-based
interventions for various health behaviours and outcomes and found that message tailoring and
personalisation were significantly associated with greater intervention efficacy;96 interventions that
involved decreasing frequency of messages over the course of the intervention were more effective
than interventions that used a fixed message frequency;96 and text message-only physical activity
interventions without tailored feedback did not increase physical activity.97

This pointed to tailored feedback being a promising component of mHealth physical activity
interventions and suggested that physical activity interventions using text messages may be more
effective if they incorporate active components, such as self-monitoring, provide tailored feedback
and personalised messages, and decrease the frequency of text messages over time.

Theory and behaviour change techniques
Looking beyond text messaging interventions, health behaviour change interventions that combine
self-monitoring with at least one other self-regulatory behaviour change technique (e.g. goal-setting)
have been found to be significantly more effective at increasing physical activity than those that do not.98

These behaviour change techniques fit with the process of self-regulation or, more specifically, control
theory,99 which proposes that setting goals, self-monitoring behaviour, receiving feedback and reviewing
goals following feedback are central to behavioural self-management.

We, therefore, structured the PROPELS follow-on support programme around the use of behaviour
change strategies, which informed the selection and sequencing of the primary behaviour change
techniques that featured in the various components of the programme.92 Accordingly, during the
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educator telephone call at week 1, physical activity goals and an action plan were established. The text
messaging component drew on a range of behaviour change techniques to:

l encourage self-monitoring of physical activity behaviour
l provide tailored feedback regarding physical activity progress to highlight the discrepancy between

goals and current behaviour
l review behavioural goals.

A more detailed explanation of all of the behaviour change techniques employed in the PROPELS follow-on
support programme has already been reported.100

In interventions among people with or at risk of T2D, those that included a larger number of behaviour
change techniques,101 or a larger number of behaviour change techniques and specific behaviour
change techniques such as goal-setting,102 have been associated with greater weight loss. There is also
consistent evidence demonstrating the importance across general populations and in high-risk groups
of several other key determinants of physical activity behaviour change, including attitudes toward
physical activity,103 intrinsic motivation104 and (maintenance) self-efficacy,105 especially when targeted
in conjunction with the use of behaviour change techniques.106 With this in mind, the text message
component of the PROPELS follow-on support programme also targeted these other determinants of
physical activity behaviour change. Given the uncertainty that remains about the acceptability of the
aforementioned behaviour change techniques when delivered by text message, one aim of phases 2–4
was to explore the acceptability and feasibility of this approach with our target population.

Phase 2: formative research
Concurrently with phase 1, informal observations were conducted of Walking Away sessions across the
diverse regions in which it had been commissioned into routine care pathways for the prevention of T2D,
and discussions were held with Walking Away educators who were involved in an ongoing evaluation of
Walking Away taking place in primary care.80 The aim of this was to ensure familiarisation with the
delivery of Walking Away, develop initial ideas about the possible structure and content of the PROPELS
follow-on support, understand the cultural and ethnic diversity of our target population, explore
educators’ views about supplementing Walking Away with text messaging and pedometer support, and
inform the development of topic guides for subsequent focus groups.

Next, we formed three formative focus groups with our target population, the participants of which
had all attended the Walking Away session within the previous 3 years as part of an ongoing
evaluation in primary care,80 had provided consent to be contacted with regard to other research
within the department, and could speak and understand spoken English. Potential participants were
sent an information leaflet and an opt-in reply slip. A researcher telephoned those who expressed an
interest in participating to confirm their willingness and arrange their attendance at a focus group.
Written informed consent was obtained immediately before the focus groups; a total of 15 participants
(five women and 10 men) aged between 39 and 76 years took part. A flexible topic guide was used
that covered experiences of Walking Away (e.g. what was most and least helpful for increasing physical
activity and what could be improved to facilitate sustained changes), the use of mobile telephones in
everyday life and the integration of a text messaging follow-on support programme into Walking Away.

The focus groups were audio-recorded and transcribed verbatim. Our analytical approach was based
on the constant comparative method,107 which involved organising the data into meaningful groups and
identifying elements of interest in the data that formed the basis of repeated patterns (themes) across
the data set. An initial coding framework was developed and used to code the complete data set.
NVivo11 qualitative data indexing software (QSR International, Warrington, UK) was used to facilitate
the analysis.
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As described by Morton et al.,100 the key findings from phase 2 that influenced intervention
development and subsequent phases fell into two interlinked themes: the acceptability of text
messaging for physical activity promotion and the requirements for the structure of the follow-on
programme, which includes text message content.

Acceptability of text messaging for physical activity promotion
Most participants reported that they used mobile telephones in daily life and were able and willing to
use text messages, even if they did not habitually use these as their primary means of communication.
Most participants agreed that text messages could serve as a useful reminder to form habits and provide
additional support following an education session. Participants reported that the freedom to choose when
to read a message and whether or not to act on the information it contained was a positive feature:

I think if texting had been in it [Walking Away trial] before it would have helped my motivation a lot.
FG3

. . . whereas texting is ideal. You can carry on with your normal day-to-day living but still get
the motivation.

FG1-A

The opportunity to receive immediate feedback was also perceived as a benefit, with many participants
thinking that the two-way interaction of reporting weekly step counts and receiving subsequent
feedback would facilitate motivation and maintenance and foster a sense of accountability (i.e. having
someone to report to):

It would be good knowing that we’d put the figures in at the end of the week, that you have received
them and that you’ve looked at them and that you’re interested in what we’re doing.

FG2-A

Views were not unanimously positive, however; some felt simply that texting was ‘not for [their]
generation’, whereas a small number reported finding text messages intrusive and/or impersonal:

No, I wouldn’t [want to receive text messages], I would find that intrusive. It’s bad enough ‘have you been
mis-sold PPI,’ ‘have you done this’ . . . so you don’t even look at your text messages. If it’s not from family
I block the lot so no, I wouldn’t want text messages.

FG1-C

Considerations for the mHealth follow-on support intervention
In reflecting on their experiences of Walking Away, focus group participants generally reported that
they found the pedometer to be a useful monitoring tool that promoted their awareness of their
activity levels. Although some participants reported still using their pedometer to monitor their
physical activity 2–3 years after Walking Away, the majority reported that their engagement with the
pedometer or activity diary had waned following an initial period of active engagement:

You get up at half six in the morning, you think I’ll go and get a wash and you get changed, and then you
go off to work and, ‘Oh, I didn’t put it on’ . . . you start to forget about it.

FG2-C

Once I’ve got home I think, oh, I don’t think I’ll do any more, I sit on the computer or watch the telly,
I need someone to push me out, get out the chair and go and do a walk.

FG3-C
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The importance of feedback for facilitating behaviour change and maintenance was emphasised,
with participants commonly reflecting that a lack of contact between one annual refresher session
and the next had decreased their motivation to continue with the strategies discussed in the session
(e.g. setting goals and wearing a pedometer). Several participants remarked that feedback on their
goal-setting and progress would have been beneficial:

It would have been nice to have the results of that [physical activity measures] because we never knew
about that.

FG1-D

Individuals differed greatly in their preferences about the content of the text messages; participants
who described themselves as self-motivated and the sporty type (i.e. those who reported having been
fairly active in the past) tended to want a different kind of message from those who self-described as
sedentary and needing more of a push. Participants who reported significant mobility issues, such as
osteoarthritis, found content that was focused solely on walking to be irrelevant to them. These differences
led to the idea of developing follow-on support content tailored to individual characteristics that would
be appeal more directly to participants.

Participants felt strongly that text messaging should supplement face-to-face contact, not replace it,
especially in relation to strengthening motivation. Some suggested that telephone support, in addition
to text messages, could serve to foster rapport between PROPELS educators and PROPELS
participants, and provide additional support that could not be communicated over text message, and
help to overcome the perception of text messages being impersonal:

But, [if] you’ve got somebody there you can speak to . . . say, ‘right I’m having a problem, I’ve done such
and such and I can’t register me steps’ or whatever, it’s just about [the educator] saying ‘right, you should
do this’ or ‘I’ll get somebody to ring you back and tell you what to do,’ you can’t do that on text can you?

FG1-E

Viewed in combination, the phase 2 findings indicated a need for:

l two-way interaction (i.e. submission of step counts and provision of immediate feedback on physical
activity progress)

l timely reminders to self-monitor physical activity
l further consideration of how perceived barriers to the use of text messaging can be overcome

(i.e. presenting participants with an overview of the benefits of text messaging for follow-on support
as part of the initial Walking Away session)

l tailored and personalised text message content
l telephone support designed to enhance rapport between educators and participants and provide

additional support over and above text messages only (i.e. problem-solving and in-depth
social support).

Phase 3: pretesting
Based on the findings of phases 1 and 2, we created model text messages and conducted four further
focus groups with participants (n = 20; age range 52–77 years) to test these. Eligibility criteria for
these were the same as in phase 2, but we also invited participants from the control arm of the
Walking Away study who had not previously attended the programme;80 the recruitment and consent
procedures were identical to those described for phase 2. Before attending a pretesting focus group,
participants were sent a pedometer and activity diary by post and were encouraged to record their
number of steps per day for 1 week. Participants were asked to bring along a mobile telephone when
attending the focus group.
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A topic guide covered participants’ experiences of Walking Away, as in phase 2, and also explored
experiences of wearing the pedometer and recording steps. During the focus group, participants were
sent example text messages (Figure 1) to provoke reactions in situ and generate think-aloud87 reactions
and discussions about different message types. Data were analysed using the approach described in
phase 2, with the phase 2 coding framework developed further to reflect the phase of development.

Reminder text
The text provides a prompt to self-monitor
and record their physical activity.

Hi Carol. This is a
reminder to wear your
pedometer every day
from when you wake
up until you go to bed
and log your step
count in your activity
diary.

Prompting text
The text provides an instruction to text in
step counts.

Hi Fiona. Please text
in your WEEKLY step
count by entering the
number of steps you
have achieved in total
over the past 7 days.

Feedback text
The text provides verbal reward if 
there has been effort and/or progress
in physical activity.

Hi Geoff! Well done
for maintaining your
weekly step total – we
realise how tough this
can be each week! You
are making fantastic
progress – keep it up :-)

Motivational text (habit formation)
The text prompts repetition of physical
activity in the same context so that the
context elicits physical activity.

Even if you’re glued to
your phone, you don’t
have to be glued to
your seat! Make it a
habit this week to talk
and walk whenever
possible :-)

Information text
The text provides information about
the health-related consequences of
physical activity.

Remember that
walking is the single
most effective form of
exercise to reduce
your risk of type 2
diabetes – it even
improves mood and
relieves stress :-)

Problem-solving text
The text asks participants about their
barriers over the past week (if a goal is 
not met).

What barriers have
you experienced last
week? TEXT: 1 for ILL
HEALTH/INJURY,
2 for ENERGY/
MOTIVATION,
3 for TIME, 4 for
OTHER/NO barrier

FIGURE 1 Example text messages. Reproduced with permission from Morton et al.100 This is an open-access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published
in JMIR mhealth and uhealth, is properly cited. The complete bibliographic information, a link to the original publication
on http://mhealth.jmir.org/, as well as this copyright and license information must be included. The figure includes minor
additions and formatting changes to the original figure.
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During the pretesting focus groups, participants were sent a range of text messages that were
developed as a result of phases 1 and 2, which included:

reminder texts – reminding participants to wear the pedometer and log daily steps and instructions
for texting in step counts
feedback texts – giving feedback on behaviour, including social reward and positive reinforcement
motivational texts – messages using behaviour change techniques to strengthen motivation for
physical activity (e.g. habit formation, commitment, reframing physical activity beliefs)
information texts – information about health consequences
problem-solving texts – contained response options to a list of predefined barriers when a goal was
not met (see Figure 1).

Depending on the response option that they chose, participants were sent a tailored motivational or
information text.

The key themes emerging from the phase 3 pretesting focus groups that informed the final content of
the PROPELS follow-on support programme are described in the following sections.

Self-monitoring of physical activity
Most participants reported that self-monitoring their daily steps with the pedometer had increased
their awareness of their own activity and, therefore, had increased their motivation to be more active:

I found the pedometer really, really useful. I didn’t wear it all the time, but once I wear it I make sure I do
10,000 steps. If I looked at it half-way through the day and think I’ve only done 5000 then I went out for
a walk purposely just to get the figures up.

FG4

Some participants reported finding the pedometer demotivating or disheartening, especially those with
mobility problems, who felt that their step count was always low because they could not engage in
walking as their primary activity:

I wish that it was not just dependent on the steps. Because we do all sorts of other things rather than
just steps.

FG7

For such individuals, the self-monitoring process should allow for other activities to be counted
(e.g. swimming and gardening).

Text message type, language and frequency

Reminder texts It was clear from participants’ feedback that establishing the appropriate frequency of
reminder texts was critical to avoiding the intervention becoming off-putting and perceptions that it
was ‘Big Brother’-like or ‘checking up on you’, especially once wearing the pedometer had become a
habit. This suggested that reminders should become less frequent as the intervention progresses:

If you’ve got something constantly . . . well, not constantly, but weekly reminding you to do something then
you’re still there doing it. And possibly if you’re doing it for several weeks then you’ll get actually used to
wearing it and putting it on. It’s like putting your clothes on. You put your socks on, put your pants on,
‘oh I’ll put my thing [pedometer] on’. It’s all getting used to what you’re doing, like with your lifestyle.

FG5
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Prompting texts A text message to prompt people to input their weekly step count was generally
accepted to be a useful motivational tool:

I suppose the very fact that we would be doing it [texting in step counts] we are creating a certain level of
discipline which we didn’t have before.

FG4

Feedback texts The model feedback messages sent when a step goal was achieved (i.e. positive
reinforcement) were well received and helped to foster a sense of accountability:

We are all school kids in a sense, in our heads, so if someone says you did well it’s really encouraging.
FG5

We tested a variety of feedback messages to be used in the event that participants did not achieve
their step goal. The consensus was that these should be fairly light-hearted, positive and encouraging.
Messages emphasising discrepancy between the person’s current behaviour and their goal were well
received, provided that the texts also offered encouragement and support by, for example, including
positive elements along with more negative feedback:

. . . you’ve got to put in, you know, the positive that eliminates some of the negativity out of the messages.
So this one was ‘thanks for the text, keep wearing your monitor and logging your steps, try to increase
your activity to ensure’ . . . it’s not quite positive enough.

FG4

Several participants remarked that humour could be useful in providing feedback when a step goal was
not achieved:

You can’t castigate somebody but you can try and get some laugh out of it from some point of view,
saying ‘get off your bottom and go for a walk!’.

FG6

However, they also recognised that messages could be received differently and that the use of humour
was risky, especially when participants’ confidence was low:

. . . if I read that and I was in the wrong mood I’d take that as you’re telling me what to do, and I’d say
‘b*****r off’.

FG4

Motivational texts The feedback on motivational messages was far from uniform. Overall, participants
indicated that the gentle language and suggested content of the motivational messages rendered them
acceptable, avoiding ‘being told you’ve got to do it’. Some of the model messages were perceived as
dated (e.g. recommendations to avoid using a remote control to change the TV channel) or irrelevant
(e.g. tips about using stairs at home: ‘. . . but I live in a bungalow!’). Participants tended to prefer practical
tips and suggestions for increasing activity over more motivational suggestions (e.g. ‘try writing down
your barriers to activity this week’). In one focus group, participants suggested using generally supportive
messages not necessarily linked to physical activity or health:

I know why I’m doing it [to reduce the chances of T2D] so we don’t need reminding of it all the time.
FG7
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Information texts Participants were in agreement that messages were too focused on the health
consequences of inactivity and that a focus on benefits other than weight and reduced risk of T2D
would be preferable:

You could just say ‘good morning, this is PROPELS, hope you have a nice day’ or whatever . . . just
simple – it doesn’t need to really say anything.

FG6

. . . when you’ve got a weight problem like I’ve got, I don’t need to be reminded – I’m doing my best!
FG4

Problem-solving texts The predefined response format was viewed by some as unsuitable for
problem-solving:

It’s like one of those PPI messages [spam text messages about reclaiming mis-sold insurance] —
I hate those!

FG4

However, others valued the idea of being able to easily text in the reason why they had not achieved
their goal. Participants generally liked the tailored and personalised texts that were triggered by their
responses to the problem-solving texts (e.g. in response to selecting the illness or injury response
option, participants would receive the message ‘Take it easy this week. We hope that you feel
better soon’).

Tailoring The concept of receiving individually tailored text messages was very popular, in particular in
relation to goal progress and/or achievement:

You should get the one [text message] that’s relevant to you. If you’re doing more [steps], if you’re
achieving your target or doing more, you still get one, but it should be different.

FG4

Participants observed that different people need different support, especially in terms of confidence
and self-discipline in adhering to an activity plan. They suggested that people who are struggling to
meet their goal and/or have mobility problems limiting the amount of walking that they could achieve
should receive messages that are less direct or less pushy.

Language and frequency The general feedback was that the language used in texts needed to be
formal, friendly and polite, with use of the participant’s name but limited use of emoticons:

I’m just warning you that it might be interpreted that you are shouting at us because in text language,
capitals [letters] is shouting.

FG5

It makes it sound as though you’re talking at us, rather than a computer.
FG6

Participants felt that less is more when it comes to the frequency of messages. Overall, they perceived
the approach of sending daily messages to be too heavy-handed and potentially demotivating:

. . . otherwise if you are going to get this [text message] daily you’re going ‘oh another one’ and you get fed
up with it.

FG6

INTERVENTION DESCRIPTION AND DEVELOPMENT
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Phase 3 findings

l Further emphasised the importance of personalising and tailoring messages according to key
variables (e.g. previous levels of physical activity, mobility issues that limit physical activity,
individuals’ confidence in increasing physical activity, goal achievement/progress).

l Shaped the content of the messages (i.e. what type of benefits to focus on in the
motivational messages).

l Informed the frequency of messaging and sequencing of the follow-on support programme.
l Highlighted the importance of including other activities (e.g. cycling and swimming) to maintain

engagement of participants who did activities other than walking.

Summary of the changes made as a result of phases 2 and 3
We made two changes as a consequence of our findings from phases 2 and 3:

l We incorporated a week 1 educator telephone call comprising a brief telephone-administered
assessment, including key information required to tailor subsequent text messages.

l We added a conversion chart to the activity diary to enable participants to convert other activities
(e.g. for those who did not wear their pedometer or who perceived that a pedometer did not
accurately assess) into steps for texting in. The chart included, for example, descriptions of other
activities (e.g. swimming breaststroke, moderate effort and cycling 10 mph) and provided a
conversion into a step count based on MET equivalents108 that could be added to the participant’s
total activity.

Phase 4: piloting
In the final phase of development, we piloted a full set of text messages and tailoring matrices during
the initial 8 weeks of the follow-on support programme. During this phase, we were able to obtain and
act on participant feedback on the content and structure of the programme and on technical issues.

Drawing on the findings of phases 1–3, our research team drafted an initial set of text messages and
tailoring matrices for each week of the programme; the tailoring matrices specified the individual
characteristics to which each message would be adapted. A computer program was developed to
automatically generate and send text messages in line with the tailoring matrices and to handle
incoming messages. We then tested the content and schedule of the text messaging and pedometer
programme and the processes required for its delivery (e.g. registering with the text message system,
gathering information for tailoring, and receiving and replying to the messages). We also aimed to identify
and resolve potential technical issues with the automated system.

The participants were 11 people (five women and six men) from the phase 2 and 3 focus groups
who had indicated an interest, including participants who were less keen on the use of text messages.
This 8-week pilot study mimicked the initial 8 weeks of the proposed PROPELS follow-on support
programme. An instruction booklet with details on how to register and what to expect from the
text messaging system was posted to participants, along with a pedometer and an activity diary.
Participants were asked to wear the pedometer and self-monitor their steps using the activity diary
for 1 week to determine a baseline number of steps that would inform their step goals for the next
8 weeks. A member of our research team administered the brief telephone assessment and elicited
each participant’s short- and long-term step goals, their action plan for increasing physical activity
and the information needed for the tailoring variables. Participants then received a weekly reminder
message that prompted them to text in their weekly step count, which triggered an automated
feedback message in which the content was tailored depending on goal progress. Tailored motivational
messages were also sent if participants did not progress in their step counts or neglected to text in
a step count.
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At the end of the 8-week period, brief, semistructured telephone interviews were conducted with all
available participants (n = 10) to obtain their feedback on the programme; the interviews were recorded,
transcribed and analysed as in phases 2 and 3. The results are summarised in the following sections.

Programme content and structure
Most participants reported that the follow-on support had increased their awareness of their own
activity, which had motivated them to be physically active. Participants found the telephone call in
which the brief assessment was administered helpful in providing additional support, especially for
overcoming any technical barriers:

But, you’ve got somebody there you can speak to then say, ‘right I’m having a problem, I’ve done such
and such and I can’t register me steps’ or whatever, it’s just saying, ‘right, you should do this or I’ll get
somebody to ring you back and tell you what to do’, you can’t do that on text can you?

R5

Participants reported finding that the system provided continued support and encouragement, and
found the reminder texts to be helpful prompts to continue self-monitoring; continued goal-setting and
immediate feedback provided further motivation to be active:

It’s quite nice. It keeps me sort of in the zone in the fact that I enjoy using the pedometer because it
keeps my mind on exercise. I’m conscious of it, and, you know, if I haven’t done too much moving about,
I go and walk some more.

R5

I usually do remember to put me pedometer on . . . but as I say it’s nice to know there’s a reminder there and
when I send off my figures I get an immediate response. I think it’s all been quite encouraging actually.

R4

Participants reported finding the frequency of messages (maximum of two per week) adequate for the
8-week period, but felt that the messages could decrease in frequency over time as reminders would
be needed less often:

As I say I think at the beginning you need more frequent reminders, you know I think you’ve got that
right, and then as it goes on you don’t need so many.

R6

Participants were generally positive about the content, readability and clarity of the text messages and
struggled to recall examples of discouraging messages. Several participants identified the feedback
texts and motivational texts, which provided instructions (tips) for increasing physical activity,
as particularly useful:

Do you know I’ve even started . . . this is what you have got me doing . . . when I’m on the kitchen chair,
making a cup of coffee or something, I start running on the spot for 100! I count up to 100, running on
the spot. So that’s another 100 steps!

R10

Participants who did not consistently increase their step counts reported receiving slightly more
negative messages, but had not perceived any as chastising:

I found that very encouraging. It was good. When I’d done a good week, it’s very . . . I only missed one
week, and although you didn’t down me, you didn’t say anything nasty, you just said try a little harder,
I know it’s hard to get the exercise in, so I found it very encouraging.

R1

INTERVENTION DESCRIPTION AND DEVELOPMENT
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Technical issues
Of the 11 participants, nine received the full regimen of text messages as intended; minor technical
glitches impeded the full delivery to the other two participants. Most participants had no difficulty
registering for the text system and > 90% of all incoming messages from the participants were
correctly formatted. Almost all participants responded to at least two prompting texts and received
tailored feedback at least twice; three-quarters responded to all prompting texts and, therefore,
received tailored feedback texts every week.

Several participants were unclear as to which messages they could respond to: some sent
thank-you messages in response to the feedback texts and then received a text message about
unrecognised format:

I was just replying to your request or your advice, when I didn’t do the correct steps one week, you gave
me a couple of bits of helpful advice and I text back thanking you for that, and obviously it wouldn’t let
me send.

R7

We also identified a need for a greater degree of flexibility in the format used for submitting step
counts. Although participants were asked to text the word ‘steps’ followed by their weekly step total,
some submitted only numbers, or the word ‘step’ or ‘step-count for week’, which triggered an
unrecognised response text.

Finally, participants with limited experience in texting reported receiving and reading texts without
problem, but utilising help from relatives (usually grandchildren) when prompted to text in their weekly
step counts:

Oh, yes, I could [read all the messages] . . . it’s just getting them sent off. Because again I think this week I
was late, I thought I’d sent them in twice and then I had to check with [granddaughter], and I think I had
pressed some other button. I think I’ve got a handle on it now. It sounds stupid but they didn’t have all
these phones back then.

R2

In summary, the piloting phase showed that (1) the structure of the follow-on support (including the
brief telephone call) was acceptable; (2) the frequency of text messages over the 8-week pilot phase
was acceptable but should be reduced over time; (3) the content and language used in the text
messages were acceptable; (4) minor technical issues needed to be resolved; and (5) the participant
instructions in both the Walking Away session and the follow-on support booklet would benefit
from refinement.

See Appendix 17 for the final array of text messages used in the Walking Away Plus intervention.

Educator recruitment, training and intervention fidelity

Educators were either registered health-care professionals (e.g. nurse or dietitian) or appropriately
qualified non-registered professionals (e.g. health trainer). Across both study sites, 12 educators were
recruited from local health-care providers and other appropriate settings. This mix of professional
backgrounds was chosen to ensure that the study was easily generalisable in routine health-care
settings. All educators attended an initial 2-day training course to ensure that they understood the
theories and philosophy underpinning the Walking Away programme, as well as the content and
resources used. All educators were given a written curriculum to support their delivery of the
programme and were given the opportunity to practise delivering the programme.
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Educators received further training before delivering their first Walking Away refresher session,
which was also supported by a written curriculum. In addition, specific training was provided to the
individuals who delivered the telephone calls to participants in the Walking Away Plus study arm.
The training was supported by an extensive curriculum that outlined the content (including behaviour
change techniques and patient-centred communication skills) and included standardised scripts to
guide the individual making the telephone calls, and standardised reflection sheets and checklists to
promote and assess fidelity of the telephone calls (see Report Supplementary Material 4).

To enhance and assess intervention fidelity, a detailed procedure was developed by the PROPELS team
(see Report Supplementary Material 3).

Quality assurance of delivery was undertaken using established tools developed to assess educational
style and content used in routine care through the DESMOND collaborative.109 Educators received
structured and constructive feedback from their assessor, and key goals and action plans were
developed to help them to improve their performance. Educators were asked to audio-record the
telephone calls, listen back to a sample, complete the checklists and discuss these with the intervention
lead. The number of calls assessed and the frequency of assessment depended on the competence level
of the individual making the call, as well as the year in which the intervention was delivered. A peer
feedback mechanism was also incorporated. The delivery of the text messaging system was monitored
weekly by examining automatically generated lists of messages sent and received.

INTERVENTION DESCRIPTION AND DEVELOPMENT
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Chapter 4 Results

Participant recruitment commenced in December 2013 and was completed in February 2015, with
data collection completed in July 2019. Overall, 12,417 individuals from 47 general practices were

identified as potentially eligible to take part and were sent invitation letters, with a further 746 being
identified and invited from previous research databases. Of these, 1563 individuals consented to
take part and were screened for inclusion. Eighty were subsequently withdrawn because they were
diagnosed with T2D at baseline and a further 117 were excluded because of ineligibility following the
baseline visit, or otherwise withdrew from the trial before randomisation, leaving 1366 randomised
and, therefore, included in this analysis. The overall flow of participants is highlighted in Figure 2.
For the flow stratified by each site (Leicester and Cambridge), see Appendix 2, Figures 20 and 21.

The sociodemographic and clinical characteristics of those included in the trial, stratified by
randomised study arm, are presented in Table 5. Study arms were well matched. The median age
ranged from 60 to 61 years across the arms.

12-month follow-up

Attended (n = 387; 84.1%) 

12-month follow-up

Attended (n = 336; 74.7%)

12-month follow-up

Attended (n = 339; 74.3%)

48-month follow-up

• Attended, n = 373 (81.1%)
• Primary outcome, n = 373 (81.1%)
• Data collected from GPs,
    n = 44 (9.6%)

48-month follow-up

• Attended, n = 298 (66.2%)
• Primary outcome, n = 303 (67.3%)
• Data collected from GPs, 
    n = 72 (16.0%)

48-month follow-up

• Attended, n = 314 (68.9%)
• Primary outcome, n = 317 (69.5%)
• Data collected from GPs, 
    n = 77 (16.4%)

Consented and screened for inclusion
(n = 1563)

Randomised
(n = 1366)

Control
(n = 460)

Walking Away
(n = 450)

Walking Away Plus
(n = 456)

• Diagnosed with T2D, n = 80
• Did not meet other inclusion
    criteria or withdrew before
    randomisation, n = 117

• Moved, n = 1
• RIP, n = 1
• Did not attend
    12-month
    follow-up, n = 71

• Moved, n = 5
• RIP, n = 3
• Did not attend
    12-month
    follow-up, n = 107

• Moved, n = 4
• RIP, n = 5
• Did not attend
    12-month
    follow-up, n = 108

• Moved, n = 5
• RIP, n = 5
• Did not attend
    48-month
    follow-up, n = 77

• Moved, n = 11
• RIP, n = 10
• Did not attend
    48-month
    follow-up, n = 131

• Moved, n = 10
• RIP, n = 7
• Did not attend
    48-month
    follow-up, n = 125

FIGURE 2 Participant flow.

DOI: 10.3310/hta25770 Health Technology Assessment 2021 Vol. 25 No. 77

Copyright © 2021 Khunti et al. This work was produced by Khunti et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

37



TABLE 5 Sociodemographic and clinical characteristics of trial participants, stratified by randomised study arm

Participant characteristic

Study arm

Control Walking Away Walking Away Plus

Continuous data

Age (years), median (SD) 59.4 (8.8) 59.4 (9.4) 59.3 (9.1)

BMI (kg/m2), median (IQR) 28.5 (25.3–32.4) 28.2 (25.3–32.5) 28.4 (25.2–32.3)

Social deprivation (IMD decile), median (SD) 5.5 (2.8) 5.7 (3.0) 5.7 (2.8)

Categorical data, % (n)

Sex

Men 50.9 (234) 50.4 (227) 50.9 (232)

Women 49.1 (226) 49.6 (223) 49.1 (224)

Ethnicity

White European 71.1 (327) 72.4 (326) 72.1 (329)

South Asian 22.4 (103) 22.0 (99) 22.6 (103)

Other 6.5 (30) 5.6 (25) 5.3 (24)

Social deprivation (IMD national quintile)

1 (least deprived) 19.4 (89) 20.7 (93) 17.3 (79)

2 18.7 (86) 18.0 (81) 18.4 (84)

3 20.5 (94) 17.8 (80) 20.8 (95)

4 22.0 (101) 18.5 (83) 22.1 (101)

5 (most derived) 19.4 (89) 24.9 (112) 21.3 (97)

Family history of diabetes in first-degree relatives 43.3 (198) 42.0 (188) 45.3 (205)

Prediabetes 37.6 (172) 39.9 (179) 38.7 (176)

Antihypertensive medication 40.9 (169) 44.6 (164) 44.7 (170)

Lipid-lowering medication 34.9 (144) 37.2 (137) 39.6 (150)

Steroids 7.4 (34) 9.1 (41) 6.4 (29)

Metformin 0.0 (0) 0.2 (1) 0.2 (1)

CVD (MI, heart failure, angina and stroke) 8.6 (39) 9.0 (40) 9.9 (45)

Smoking status

Past 38.3 (176) 36.2 (163) 38.2 (174)

Current 9.8 (45) 8.4 (38) 11.4 (52)

Employment type

Full time 37.6 (173) 34.2 (154) 37.1 (169)

Part time 16.1 (74) 20.4 (92) 18.9 (86)

Retired 35.0 (161) 35.3 (159) 33.6 (153)

Unemployed or other 11.3 (52) 10.0 (45) 10.5 (48)

Educational status

Degree, higher degree or equivalent 45.7 (205) 45.5 (197) 44.9 (202)

Marital status

Married/civil partner 68.3 (314) 75.6 (340) 73.9 (337)
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In total, 993 (72.7%) individuals had valid primary outcome data at the 48-month follow-up and were,
therefore, included in the primary analysis. Generally, those with complete data had similar characteristics
to those with missing data, including baseline prediabetes status, although those with missing data in the
intervention study arms were more likely to be smokers, less likely to be university educated and less
likely to have access to the internet. For the specific values for the characteristics of those with and
those without complete primary data, stratified by intervention study arm, see Appendix 4, Tables 29–31.

Intervention engagement for each intervention study arm is shown in Table 6. Approximately 80% attended
the initial education programme in both arms and over two-thirds attended at least one annual group-based
follow-on session. The majority also engaged with the key elements of the telephone and text messaging
intervention in the Walking Away Plus study arm. On average, participants were sent a mean of 266
(SD 75) text messages (approximately five per month) (see Appendix 17 for the array of text messages used).

Primary outcome

Over the 48 months of the trial, participants in all study arms experienced small reductions in
ambulatory activity, with no difference between either of the intervention study arms and the control
arm (see Figure 4). However, at 12 months, participants in the Walking Away Plus study arm had
increased their total ambulatory activity by 547 (97.5% CI 211 to 882) steps per day compared with
those in the control study arm (see Figure 4).

The results for total ambulatory activity were consistent with those for censored ambulatory activity,
in which an increase in the Walking Away Plus study arm compared with the control arm of 531
(97.5% CI 201 to 86) steps per day was observed at 12 months. This indicates that the increase in
ambulatory activity at 12 months was primarily because of purposeful movement.

When the 278 participants (62%) in the Walking Away and the 235 (52%) participants in the Walking
Away Plus study arms who met the pre-protocol definition were analysed, or when missing data were
replaced with multiple imputation (Table 7), the results for total ambulatory activity at 48 months – the
primary end point – were not affected.

TABLE 5 Sociodemographic and clinical characteristics of trial participants, stratified by randomised study
arm (continued )

Participant characteristic

Study arm

Control Walking Away Walking Away Plus

Access to the internet 83.0 (380) 86.2 (387) 85.3 (388)

Meeting the physical activity recommendationsa 53.7 (238) 56.1 (245) 57.3 (254)

Meeting the physical activity recommendations in
10-minute boutsa

21.9 (97) 25.9 (113) 24.6 (109)

BMI, body mass index; CVD, cardiovascular disease; IQR, interquartile range.
a Measured with accelerometer data.
Reproduced with permission from Khunti et al.110 This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party material in this article are included in
the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise
stated in a credit line to the data. The table includes minor additions and formatting changes to the original table.
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The average levels of total ambulatory activity (primary outcome) and censored ambulatory activity at
each assessment time point in each study arm are shown in Table 8. The change in ambulatory activity
in intervention study arms compared with the control arm at follow-up is shown in Figure 3.

The results for the primary outcome were not modified by sex, age, ethnicity, family history of
diabetes, prediabetes at baseline or obesity status, suggesting that the results for the primary outcome
were consistent across these categories, including ethnicity (see Appendix 7, Table 36). However, there
was evidence that the primary outcome was modified by social deprivation (p = 0.035 for interaction).
In the Walking Away Plus study arm, compared with the control study arm, those above the median
level of social deprivation increased their ambulatory activity (480 steps/day, 97.5% CI –73 to
1033 steps/day), whereas those below the median level had a decrease in activity level at 48 months
(–370 steps/day, 97.5% CI –945 to 205 steps/day).

TABLE 7 Change in ambulatory activity at 48 months using a per-protocol definition or when replacing missing data with
multiple imputation

Variable
Intervention effect 1 (Walking Away
vs. control), difference (97.5% CI)

Intervention effect 2 (Walking Away
Plus vs. control), difference (97.5% CI)

Per protocol 30 (–359 to 419) 427 (–63 to 916)

Missing data replaced by
multiple imputation

69 (–314 to 453) 139 (–259 to 538)

TABLE 6 Engagement rates with the key components of the intervention (per protocol criteria)

Intervention arm, % (n)

Walking Away
(N= 450)

Walking Away Plus
(N= 456)

Programme attendance

Attended initial education session 79.3 (357) 80.9 (369)

Attended 12-month refresher session 57.3 (258) 60.3 (275)

Attended 24-month refresher session 49.6 (223) 55.5 (253)

Attended 36-month refresher session 48.9 (220) 50.4 (230)

Attended at least one follow-up annual support session 67.6 (304) 69.7 (318)

Telephone call and text messaging intervention

Registered with text service 77.6 (354)

Received initial telephone call 69.1 (315)

Received at least one telephone call during the trial 85.1 (388)

Asked for text messaging service to be stopped 18.9 (67)

Reproduced with permission from Khunti et al.110 This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party material in this article are included in
the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise
stated in a credit line to the data. The table includes minor additions and formatting changes to the original table.
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TABLE 8 Ambulatory activity at baseline and follow-up in each study arm

Variable

Study arm, n; mean (SD) Intervention effect 1
(Walking Away vs. control),
mean difference (97.5% CI)a

Intervention effect 2
(Walking Away Plus vs. control),
mean difference (97.5% CI)aControl Walking Away Walking Away Plus

Total ambulatory activity (steps/day)

Baseline 441; 6885 (3068) 427; 7264 (3009) 435; 7353 (3432)

12 months 374; 6710 (3145) 319; 7400 (3078) 324; 7723 (3419) 264 (–70 to 597) 547 (211 to 882)

48 months 373; 6534 (3168) 303; 7038 (3101) 317; 7235 (3728) 91 (–282 to 463) 121 (–290 to 532)

Censored ambulatory activity (steps/day)

Baseline 441; 5369 (2984) 427; 5643 (2891) 435; 5764 (3300)

12 months 374; 5195 (3022) 319; 5761 (2973) 324; 6104 (3347) 240 (–90 to 570) 531 (201 to 861)

48 months 373; 5062 (3015) 303; 5459 (3003) 317; 56 (3615) 66 (–302 to 433) 140 (–263 to 542)

a Adjusted for wear time at baseline, wear time at 48 months, number of valid days at baseline, number of valid days at 48 months, randomisation stratification variables (centre,
ethnicity and sex) and baseline value.
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12 months: Walking Away vs. control

48 months: Walking Away Plus vs. control

12 months: Walking Away Plus vs. control
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FIGURE 3 Change in ambulatory activity in intervention study arms compared with control at follow-up. Data adjusted
for wear time at baseline, wear time at 48 months, number of valid days at baseline, number of valid days at 48 months,
randomisation stratification, variables (centre, ethnicity, sex) and baseline value.

Physical activity and sedentary behaviour

The other objective measures of physical activity and posture are presented in Tables 9 and 10, respectively.
Time in moderate to vigorous physical activity increased by 3.5 (97.5% CI 0.6 to 6.5) minutes per day and
time spent walking increased by 8.5 (97.5% CI 3.3 to 13.7) minutes per day in the Walking Away Plus study
arm compared with the control study arm at 12 months, but the differences were not sustained at 48 months.
The self-reported measures of physical activity are presented in Appendix 8, Table 37. There was an increase
in total physical activity energy expenditure in the Walking Away Plus study arm compared with the control
arm of 4.4 kJ/kg/day (97.5% CI 0.0 to 8.8 kJ/kg/day) at 48 months; no other differences were detected.

At 12 months, the proportions of participants meeting the physical activity guidelines of 150 minutes
per week of objectively measured physical activity of at least moderate intensity in the control,
Walking Away and Walking Away Plus study arms were 50.1% (n = 190), 59.5% (n = 194) and 60.2%
(n = 205), respectively. The odds ratio of meeting the physical activity guidelines was 1.61 (97.5% CI
1.05 to 2.45) higher in the Walking Away Plus study arm than in the control arm at 12 months (Figure 4),
with the results maintained when considering 150 minutes accumulated in at least 10-minute bouts
(see Figure 4). However, no differences were observed at 48 months.

Other secondary outcomes

The anthropometric outcomes at baseline and follow-up, along with the associated intervention effects,
are presented in Appendix 9, Tables 38–47. There was a reduction in body mass of 0.6 kg (97.5% CI 0.03 to
1.18 kg), a reduction in waist circumference of 1.23 cm (97.5% CI 0.38 to 2.18 cm) and a reduction in body
fat percentage of 0.50% (97.5% CI 0.03% to 0.98%) in the Walking Away study arm compared with the
control study arm at 12 months. These effects were sustained at 48 months, with a reduction in body
mass of 1.00 kg (97.5% CI 0.07 to 1.92 kg), a reduction in waist circumference of 1.57 cm (97.5% CI 0.45
to 2.70 cm) and a reduction in body fat percentage of 1.06% (97.5% CI 0.33% to 1.79%) observed in the
Walking Away study arm compared with the control arm. The results for weight and waist circumference
are displayed in Figure 5. There were no other changes to assessed outcomes at 12 or 48 months in the
Walking Away study arm or the Walking Away Plus arm.

The biochemical outcomes at baseline and follow-up, along with the associated intervention effects, are
presented in Appendix 9, Tables 40 and 42. Triglycerides were reduced by –0.15mmol/l (97.5% CI –0.29 to
–0.01mmol/l) in the Walking Away Plus study arm compared with the control arm at 12 months, with
effects sustained at 48 months (–0.11mmol/l, 97.5% CI –0.21 to –0.00 mmol/l). Liver enzymes alanine
aminotransferase (ALT) and alkaline phosphatase (ALP) followed the pattern of weight loss in the Walking
Away study arm, with reductions of 1.79 (97.5% CI 0.07 to 3.51) IU/l and 3.70 (97.5% CI 0.96 to 6.45) IU/l,
respectively, compared with the control study arm observed at 48 months. There were no other changes to
the assessed biochemical outcomes at 12 or 48 months.

RESULTS
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TABLE 9 Baseline and follow-up physical activity and sedentary behaviour data, with corresponding intervention effects

Variable

Study arm, n; mean (SD) Intervention effect 1
(Walking Away vs. control),
difference (97.5% CI)a

Intervention effect 2
(Walking Away vs. control),
difference (97.5% CI)aControl Walking Away Walking Away Plus

Time spent sedentary (minutes/day)

Baseline 441.0; 557.0 (92.9) 427.0; 544.0 (91.3) 435.0; 544.5 (97.2)

12 months 374.0; 562.4 (93.1) 319.0; 550.6 (83.8) 324.0; 545.8 (98.1) –1.9 (–11.1 to 7.2) –7.7 (–16.9 to 1.5)

48 months 373.0; 560.0 (86.9) 303.0; 558.9 (87.3) 317.0; 562.9 (101.9) 0.1 (–10.2 to 10.4) 4.7 (–5.7 to 15.1)

Time spent in light physical activity (minutes/day)

Baseline 441.0; 293.3 (80.7) 427.0; 310.9 (85.7) 435.0; 309.0 (88.9)

12 months 374.0; 286.7 (81.5) 319.0; 300.2 (74.5) 324.0; 304.0 (84.2) 0.9 (–7.4 to 9.3) 4.4 (–4.1 to 13.0)

48 months 373.0; 278.4 (82.7) 303.0; 293.0 (83.7) 317.0; 292.4 (82.4) –0.1 (–9.8 to 9.6) –5.7 (–15.3 to 4.0)

Time spent in moderate to vigorous physical activity (minutes/day)

Baseline 441.0; 29.8 (24.7) 427.0; 31.4 (25.7) 435.0; 32.1 (27.6)

12 months 374.0; 28.8 (25.6) 319.0; 31.7 (24.3) 324.0; 33.9 (28.2) 1.3 (–1.7 to 4.3) 3.5 (0.6 to 6.5)

48 months 373.0; 27.5 (23.7) 303.0; 30.0 (24.9) 317.0; 31.2 (29.6) 0.5 (–2.8 to 3.7) 1.6 (–1.9 to 5.0)

a Data adjusted for wear time at baseline, wear time at 48 months, number of valid days at baseline, number of valid days at 48 months, randomisation stratification variables
(centre, ethnicity and sex) and baseline value.

Note
Bold indicates significance at a p-value of < 0.025.
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TABLE 10 Baseline and follow-up posture and walking time data, with corresponding intervention effects

Variable

Study arm, n; mean (SD) Intervention effect 1
(Walking Away vs. control),
difference (97.5% CI)a

Intervention effect 2
(Walking Away vs. control),
difference (97.5% CI)aControl Walking Away Walking Away Plus

Time spent sitting or lying down (minutes/day)

Baseline 337.0; 549.3 (111.6) 333.0; 535.7 (113.3) 323.0; 545.6 (115.3)

12 months 314.0; 546.5 (107.4) 279.0; 543.5 (112.6) 289.0; 536.1 (108.6) 4.3 (–10.2 to 18.9) –8.4 (–22.9 to 6.0)

48 months 260.0; 559.1 (112.6) 213.0; 538.8 (103.8) 211.0; 538.0 (118.2) –15.0 (–33.8 to 3.8) –10.6 (–29.9 to 8.7)

Time spent standing (minutes/day)

Baseline 337.0; 288.3 (95.1) 333.0; 306.7 (95.4) 323.0; 294.5 (100.7)

12 months 314.0; 289.4 (97.0) 279.0; 294.6 (88.3) 289.0; 291.9 (95.3) –6.2 (–18.5 to 6.1) 0.3 (–11.8 to 12.5)

48 months 260.0; 281.6 (102.1) 213.0; 300.7 (83.8) 211.0; 292.5 (101.2) 12.7 (–2.7 to 28.1) 5.9 (–9.9 to 21.6)

Time spent walking (minutes/day)

Baseline 337.0; 106.0 (38.1) 333.0; 115.3 (38.5) 323.0; 111.5 (43.4)

12 months 314.0; 105.3 (38.9) 279.0; 115.0 (39.3) 289.0; 117.8 (41.6) 2.4 (–2.8 to 7.6) 8.5 (3.3 to 13.7)

48 months 260.0; 104.1 (42.1) 213.0; 111.9 (38.2) 211.0; 114.1 (44.2) 2.2 (–4.3 to 8.6) 4.8 (–2.5 to 12.0)

a Data adjusted for wear time at baseline, wear time at 48 months, number of valid days at baseline, number of valid days at 48 months, randomisation stratification variables
(centre, ethnicity, sex) and baseline value.

Note
Bold indicates significance at a p-value of < 0.025.
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During the trial, 39 (9.3%) individuals in the control study arm, 30 (7.8%) individuals in the Walking Away
arm and 41 (10.4%) individuals in the Walking Away plus arm developed T2D. There was no difference in
the odds of developing diabetes in either intervention arm compared with the control arm.

The dietary and sleep outcomes at baseline and follow-up, along with the associated intervention
effects, are presented in Appendix 9, Tables 44 and 46. At 12 months, both intervention arms reported
an increase in fresh fruit consumption of 0.21 (97.5% CI 0.07 to 0.35) and 0.17 (97.5% CI 0.04 to 0.31)
portions per week in the Walking Away and Walking Away Plus arm, respectively, compared with control.
In addition, the Walking Away Plus arm reported an increase in green leafy vegetable consumption of
0.14 (97.5% CI 0.00 to 0.29) portions per week and a reduction in cheese intake of 0.16 (97.5% CI 0.1
to 0.31) portions per week. At 48 months, participants in both intervention arms also reported an
increase in green leafy vegetables of 0.24 (97.5% CI 0.07 to 0.41) and 0.24 (97.5% CI 0.08 to 0.41)
along with an increase in other vegetables of 0.20 (97.5% CI 0.05 to 0.35) and 0.20 (97.5% CI 0.06 to
0.35) in the Walking Away and Walking Away Plus arms, respectively, compared with the control arm.
In addition, the Walking Away arm maintained their increased fruit consumption at 48 months, reporting
0.22 (97.5% CI 0.05 to 0.40) more portions per week. At 48 months, changes to fruit and vegetable
consumption were matched by dietary restraint, where those in the Walking Away and Walking Away plus
arms reported actively trying to limit the amount of total fat in their diet on 0.32 (97.5% CI 0.09 to 0.55)
and 0.32 (97.5% CI 0.09 to 0.55) more days per week and saturated fat by 0.41 (97.5% CI 0.18 to 0.65) and
0.37 (97.5% CI 0.12 to 0.61) more days per week, respectively, than those in the control arm. No other
differences in other dietary variables or sleep time were observed.

0.5

12 months: Walking Away vs. control

48 months: Walking Away Plus vs. control

12 months: Walking Away Plus vs. control

48 months: Walking Away vs. control

1 2 4

Odds ratio

Meeting physical activity
recommendations

Odds ratio

Meeting physical activity
recommendations with 10-minute bouts

0.5 1 2 4

FIGURE 4 Odds ratio of meeting the physical activity guidelines of 150 minutes per week of at least moderate
intensity in the intervention study arms compared with control at follow-up. Data are mean (97.5% CI). Adjusted for
randomisation stratification variables (centre, ethnicity and sex) and baseline value.
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12 months: Walking Away vs. control

48 months: Walking Away Plus vs. control
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48 months: Walking Away vs. control
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FIGURE 5 Change in ambulatory activity in intervention arms compared with control at follow-up. Data are mean
(97.5% CI). Adjusted for randomisation stratification variables (centre, ethnicity, sex) and baseline value.
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The quality-of-life, depression and anxiety outcomes at baseline and follow-up, along with the associated
intervention effects, are presented in Appendix 9, Table 46. There was a small increase in the EQ-5D
quality-of-life score of 0.02 (97.5% CI 0.00 to 0.04) units in the Walking Away arm at 12 months compared
with the control arm; no other differences were observed at either time point.

See Appendix 5 for the self-efficacy and illness perception scores at baseline and follow-up in each
study arm (see Tables 32–34). See Appendix 6, Table 35, for self-reported use of behaviour change
strategies. Self-efficacy for walking was high in all study arms at all time points. At the 48-month
follow-up, participants in the control study arm were 90% confident that they could walk for 60 minutes
per day, compared with an average confidence rating of 100% in the Walking Away arm and 95% in
the Walking Away Plus study arm. Illness perception scores indicated that those in Walking Away and
Walking Away Plus arms increased their perceived understanding of their risk of diabetes at 12 months
and 48 months following the intervention, whereas understanding remained stable in the control study
arm. However, there was no consistent evidence that other key illness perceptions were systematically
different between the control and the intervention study arms, including perception of the degree of
agency (control) over diabetes risk or the degree to which treatment can be used to alter risk, which
largely remained stable across time in all study arms.

However, the intervention study arms did differentially affect the use of behaviour change strategies,
especially using pedometers over the course of the intervention. At 48 months, 64.2% of particiapnts
in the Walking Away Plus arm and 49.7% in the Walking Away study arm reported using a pedometer
at least some of the time, compared with 19.7% of participants in the control study arm, who had not
received a pedometer as part of the study. Similarly, 40.9% and 30.6% in the Walking Away Plus and
Walking Away study arms, respectively, reported keeping an exercise log at least some of the time,
compared with 11.1% in the control study arm. Furthermore, 78.8% and 73.0% in the Walking Away
Plus and Walking Away study arm, respectively, reported setting themselves exercise goals, compared
with 64.0%% in the control study arm. Similar differences between study arms were also observed at
12 months. Full data are displayed in Appendix 6.

In the control study arm, there were seven (1.5%) serious and 47 (3.4%) non-serious adverse events.
The equivalent values for Walking Away were 15 (3.3%) and 14 (3.11%), respectively, and for Walking
Away Plus they were 28 (6.4%) and 16 (3.5%), respectively. Additional details and a breakdown of
adverse reporting in each study arm are displayed in Appendix 15, Tables 71–73.

RESULTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

46



Chapter 5 Qualitative substudy: focus
groups/interviews with educators and
participants

Qualitative work was conducted to contribute to the evaluation of the intervention by observing
education sessions and educator meetings around the 12-month time point, and by conducting

focus groups with participants and educators at the end of the trial.

The aim was to provide in-depth qualitative data on how people engaged with the two levels of
intervention over time, in particular how and why the more intense level of intervention helped (or did
not help) participants to increase and sustain physical activity.

Observations

Sampling and recruitment
We purposively sampled five education sessions at the 12-month time point so that we could achieve
a range in terms of educator, location and participant demographics. When booking participants into
an education session that was scheduled to be observed, the booking administrator informed the
participant about the observation; if a participant wanted to attend a session that was not being
observed, they were offered a different session. On the day of the sessions, the researcher introduced
themselves to the participants and explained the purpose of the observations; during the session, they
observed from the back of the room to minimise distraction and interference.

Data capture
The researcher took anonymised handwritten field notes while not interfering with the education
session.111,112 The focus of the observation was engagement with the intervention components,
including with the education session itself, and how the participants talked about their experience and
levels of physical activity (including pedometer use, diary and/or text messaging, where appropriate)
during the first 12 months. Key modules in the PROPELS curriculum were ‘the participants’ story’ and
‘physical activity’, which facilitated participants to talk about the goals that they had set, the challenges
that they faced, the strategies that they used to overcome these and the challenges that they had not
overcome. The field notes informed the topics to be explored in the qualitative interviews later.

Focus groups and interviews

Focus groups took place in Leicester Diabetes Centre, the MRC Epidemiology Unit in Cambridge and
community centres. The researcher conducting the focus groups took written informed consent from
participants immediately prior to the focus group.

Sampling and recruitment

Trial participants
For the first set of focus groups, we purposively sampled participants to achieve a range of participants
in terms of intervention arm (groups 2 and 3), demographics and location. Further focus groups and
telephone interviews were subsequently conducted to widen the sample to include experiences of
participants not achieved in the first set (see below). Participants were sent an information leaflet
about the focus group and interview substudy, with a reply slip to indicate willingness to be contacted
to find out more. A member of the PROPELS team contacted participants who returned the reply slip
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to discuss the focus group study, confirm willingness to participate and, when willing, arrange their
attendance at a focus group.

Educators
We invited all educators who were involved in delivering education sessions and telephone calls in
the PROPELS study to participate in an end-of-trial focus group. Educators were sent the invitation
and participant information sheet by e-mail, inviting them to indicate their interest by replying to the
e-mail. A member of the PROPELS research team then contacted those who had replied to discuss the
focus group and, if they were happy to proceed, arrange their attendance at a focus group.

Data capture

Flexible, semistructured topic guides informed the focus group schedule. With trial participants this
explored their reactions to being invited to participate in PROPELS and attitudes towards being ‘at risk’
of T2D; experiences of the group educations sessions; experiences of forming and following an action plan;
views about attendance and engagement over 4 years; and experiences of the telephone call and text
messaging maintenance support. With educators, the topic guide explored their experience of delivering
the education sessions and telephone calls. With all focus groups, when summing up discussions around
the maintenance of physical activity, we referred to key theoretical explanations from Kwasnicka et al.113

to prompt further discussions.

The researcher and assistant moderator conducting the focus groups debriefed immediately after each
focus group for the purposes of preliminary analysis on both the data generated and the participant
sample. This process informed the decision about when to stop data collection in terms of no new
themes arising in relation to the specific research questions. A review of the data and sample from the
first six focus groups indicated largely high levels of engagement with the intervention(s); thus, in the
later focus groups, we actively aimed to recruit participants with lower engagement (e.g. those who
had attended fewer education sessions and those who had requested to stop receiving the text
messages). Furthermore, owing to the location of the focus groups, we had not reached participants
in the more rural areas of the Cambridge site; therefore, we conducted telephone interviews with
participants from this group.

Analysis

Focus groups were audio-recorded and transcribed verbatim. Analysis was informed by the Kwasnicka
et al.113 theoretical explanations and the constant comparative method:107 transcripts were read and
re-read; five broad codes relating to the categories identified by Kwasnika et al.113 were predefined;
further open codes were generated from reading and re-reading; and all codes were subsequently
refined and developed into a coding framework. Analysis was facilitated with the NVivo11 qualitative
data-indexing package.

Findings

Final sample

Observations
Five 12-month education sessions were observed; these were in three different locations, delivered by
10 different educators (with two co-delivering each session) and included 40 participants with three
accompanying relatives.

QUALITATIVE SUBSTUDY: FOCUS GROUPS/INTERVIEWS WITH EDUCATORS AND PARTICIPANTS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

48



Focus groups and interviews
We conducted seven focus groups (n = 52) and six telephone interviews with trial participants
(total trial participants, n = 58), and four focus groups and two individual interviews with educators
(total educator participants, n = 16).

The key demographic and baseline characteristics of participants included in the focus groups and
interviews compared with those of the overall PROPELS cohort are shown in Table 11. Those included
tended to be less socially deprived, older, more likely to be white European, more likely to be male and
more physically active than the general PROPELS population.

In this chapter, we provide an overview of some of the prominent themes that emerged, with a focus
on the focus group and interview data, concentrating on themes that provide some insight into the
main trial results, namely the increase in physical activity levels at around 12 months (in the Walking
Away Plus study arm) that was not sustained at 48 months.

Walking Away Plus
As described in Chapter 3, while both intervention study arms received a pedometer, those in the
Walking Away Plus study arm also received maintenance support in the form of a telephone call from
an educator (1 week after the education session), tailored text messaging and an activity diary to
facilitate step-counting for reporting their weekly count by text message.

Participants from both intervention study arms spoke at length about pedometers and the ways in
which these helped their awareness and activity, for example by helping them to learn first their
average number of steps and how daily step-counts fluctuate, and then whether or not they met their
daily goal of increased step count. Over and above this, many of those in Walking Away Plus arm were
mindful of the need to send in their weekly step count, particularly early in the study:

H: You’re very aware, especially having the pedometers at the beginning of the study, and the monitors,
you know, looking at the time and just going oh crikey, it’s 3 o’clock already and I haven’t done half of
what I should be doing.

FG-P4

TABLE 11 Characteristics of focus groups and interview participants compared with the overall PROPELS cohort

Participant characteristic
Included in focus groups or
interviews (N= 58)

Full PROPELS cohort
(N= 1366)

Social deprivation (IMD decile), median (IQR) 7 (5–8) 6 (3–8)

Age (years), median (IQR) 63 (56–68) 61 (53–66)

Sex, n (%)

Female 21 (36) 673 (49)

Male 37 (64) 693 (51)

Ethnicity, n (%)

White European 51 (88) 982 (72)

South Asian 6 (10) 305 (22)

Other 1 (2) 79 (6)

BMI (kg/m2), median (IQR) 28.0 (25.2–30.9) 28.3 (25.4–32.4)

Ambulatory activity (steps/day), median (IQR) 7283 (5629–10,318) 6638 (4994–8817)

BMI, body mass index; IQR, interquartile range.
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The activity diary was a prominent feature for many of these; a couple of participants even brought their
activity diary to the focus group to demonstrate how they had maintained it for the whole study:

H: I have got mine; I have a record, all the [steps].

Moderator: Did you do that daily?

H: Daily, daily, every day. I put it on my, near my bedroom, you know, chest drawer, and morning when
I go, when I wear it, do zero, and then at night time I write it down, how many steps done.

FG-P2

Others made their own version of the diary when they had filled all of the pages of their first one, or
produced their own version on a spreadsheet:

B: Focusing on action-planning and targets was really important for me – being a science-based person.
In fact I created a spreadsheet, I went on a diabetic site in the States that listed all the activities and the
calories that they would do. And from the PROPELS study you could see what they thought was calories
relative to steps. And I linked all the activities that I was likely to do to steps and calories, and put it in
the spreadsheet. So if I was doing cycling or walking or swimming or whatever, or housework or cleaning
the car. I could relate that to number of steps, and I could log what I’d done during the day and come out
with a steps equivalent at the end of the day, and then weekly, monthly, so on.

FG-P3

The majority of Walking Away Plus participants spoke positively about the text messages. A couple of
participants had kept the messages on their telephone and read some out loud or mentioned particular
messages during the focus group. In reporting how the text messages had helped, some participants
explained that these served as reminders about being in the study in terms of maintaining physical
activity, often acknowledging that this would help with the tendency to lapse:

N: I guess it was good because it reminded you in between the sessions that you were committed to a
lifestyle change. [. . .] because of our inherent indolence we’re going to fall off the straight and narrow,
so anything that can help bring us back and remind us of what we’re doing is probably a good thing.

S: The texting was really helpful, because you do sort of lapse. [. . .] if we’d gone off track, and then it was
saying, ‘start texting your steps in’. [. . .] it kind of got you – certainly – back to focusing on it.

FG-P2

The text messages did not suit everyone, as evidenced by the 18.9% of participants who requested
that messages stop. However, those in the focus groups who described some of the texts as annoying,
amusing or irrelevant (e.g. regarding the tips for different types of activity) still appreciated their use:

N: And they were a sort of shotgun approach; that they shot at different bits of your lifestyle, I seem to
remember. And the one that really sticks in my mind [was] that I had to do press-ups while I was cleaning
my teeth!

FGP2

M: . . . so you could be like all day shifting bricks, then you get a text, ‘while you’re doing the hoovering,
you could go this way and that way’, or ‘you could balance two tins’, and you’ve lost your temper [. . .]
what do they think I’m doing, just sitting here watching TV?! I do find them a bit funny, [but] at the end
of the day there’s people that probably little things like doing that, and walking to the shop rather than
going in the car, is a big help to everybody. And I’m fully aware that even myself, when I went on this
course, instead of just like driving now, I go to the shops and I make sure [I walk].

FG-P4
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The telephone calls that Walking Away Plus participants received approximately 1 week after the
education sessions appeared to be very welcome:

B: I mean a lot of the [text messages] were obviously just automated . . . and the responses to your steps –
by my testing – were also automated and amusing. The phone calls were really interesting. Probably more
encouraging in some ways than the text messages.

In particular, the telephone calls seemed to be more helpful – or additional help – for realistic goal-setting
than the education sessions alone. By comparison, participants in the Walking Away study arm often
mentioned struggling to think of an action plan in the session:

M: You can write all sorts of things down, but things happen, don’t they, you can’t . . . I don’t do action
plans! I can’t.

Moderator: So did you not set one in the [session]?

M: Well I think I probably wrote something down in the session, just to keep them happy.
FG-P5

Educators noted how many Walking Away participants commented how they wished that they were in
the ‘texting group’, and this was still evident for some in the end-of-study focus groups:

J: I would have liked more contact myself, because it’s very easy to fall off. It could be I think. Because it’s
a long time between, you actually hear from PROPELS again, if you’re on the second group. And I feel
that quite a few people maybe could drop off in that time. I didn’t, fortunately. But I would love to have
heard from PROPELS. Sometimes I thought maybe it had actually disappeared, or I’d dropped off the list
or something.

FG-P2

Altogether, although Walking Away Plus, and the text messages in particular, did not suit the needs
and preferences of all those in that study arm, the general feeling of being ‘kept on track’ and being
monitored was well received, with many participants reporting that they missed receiving the
messages after the trial ended.

Limited sustainability of physical activity levels
When participants (in both of the intervention arms) reflected on how their activity levels have
changed (increased, decreased, fluctuated and so on) throughout the 48 months, a salient theme was
the impact of a major health/illness event during the period, for example hernia or prostate operations,
hip/knee replacements, musculoskeletal issues and other injuries from falls or accidents. Many spoke of
associated disappointment, having increased their activity levels initially, and the difficulty of getting
back to pre-incident activity levels. For example:

C: I had to have a hernia operation in the middle of what was the PROPELS. [. . .] I must be honest, the first
6 months after my hernia op, I couldn’t maintain what I did prior to it. But I’m back to where I was now if that
makes sense. But that did come in the middle of it, yeah, you sort of drop and come back again.

M: Same with me. When I had my operation I was told not to do any cardiovascular for 6 months,
because although it was healed up on the outside, it wasn’t quite healed up from the inside.

FG-P1

H: After I had my bicycle accident, I couldn’t actually get out of a chair, so I mean I really wasn’t able to
do . . . I went from 28, 30 thousand steps to nothing, and there was nothing I could do about it.

FG-P5
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Ageing and its associated physiological changes were referred to by many other participants when they
were explaining a decrease in their activity levels, which often occurred after increased activity in the
earlier years of the study:

L: And I can remember when we did the pedometer and first measure, I was doing 17,000 steps a day,
which surprised them. But I had a dog and I gardened and did various things. But gradually over the
course I got less active, and I would say I was less active now than I was when I started. Partly because
my dog got old and decrepit. [Laughter] And I started getting old and decrepit, so I wasn’t doing as much
gardening or walking for that reason.

FG-P5

Several participants mentioned ageing as a reason why they could no longer ‘do that extra bit’ required
for increasing activity levels, preferring instead to plateau with their step count or activity goals.
Reaching a plateau and being satisfied with an average step count was given as an explanation by
several who had stopped monitoring and recording, and not just in the context of ageing:

C: I was just going to say, because we monitored ourselves for 4 years, and we did all these walks that
people are doing, I can tell you, from my house to [the] park, 6.2 miles. So you don’t need to, you know
exactly what you’ve walked.

Moderator: So you don’t need to monitor because you know . . .

C: The distance.

Moderator: Is that the same as what you do?

W: I know, the walking I do, about three-and-a-half thousand. You know, you can estimate it. I stopped
after . . . I think [the pedometer] broke, I thought what do I want that on for?

FG-P1; participant C had taken part in Walking Away Plus and
participant W had taken part in Walking Away

Other participants described the impact that work and other commitments had had on the fluctuation
in their activity levels during the years of the study; one described the impact of this on a period in the
middle of the study:

M: In the first year I did do a lot more exercise and watched what I eat. And then I had a dip, because I
had 2 years [working away in a demanding environment]. And then it’s gone up a lot, because now I go
running and I still do me steps, and when I get to 10,000 steps I don’t . . . I still carry on walking.

FG-P4

A couple of participants described how they had lost motivation after the study ended and, hence, had
since reduced their activity levels:

A: I only did it for the study [. . .] Because I work shifts, I’ve got two young children, got a dog, I work
nights, so I’m sleeping in the day, some days I did struggle to do it. So [during the study] I tried to
compensate, get up half an hour early and go to the gym before I started work.

FG-P1

External influences on activity levels

Focus groups enabled comparison in situ of the experiences of participants from both Walking Away
and Walking Away Plus; other than the additional support for those in the latter arm, experiences were
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typically similar. A number of prominent factors are worth noting for their potential influence on the
activity of participants in both study arms.

The most noteworthy is the rise in popularity and ownership of smartphones and other devices for
measuring and monitoring one’s physical activity from the time that the initial PROPELS education
sessions were held in 2012–13 to when the post-trial focus groups were conducted with participants
in 2019. At the outset, educators recalled the challenges of helping Walking Away Plus participants
register with the text messaging, with many participants (and the educators themselves) being
unfamiliar with the workings of their mobile telephone:

Educator A: There’s that very first bit, where in the very first year when we had to keep the people
behind to go through the telephone setting up with them.

Educator B: Telephone set-up was an absolute nightmare.

Educator C: Helping people set their mobile phone up, horrendous!
FG-E1

By comparison, in the end-of-study focus groups, the majority of participants were wearing Fitbits
(Fitbit, San Francisco, CA, USA) or iPhone (Apple Inc., Cupertino, CA, USA) watches; many referred to
using these or a smartphone for step-counting or similar, regardless of the intervention arm that they
had been in or of their age. For example:

A: Yeah, one of the ladies in one of our sessions produced this Fitbit, and I thought, ‘ooh, I want one of
those’ [. . .] I got one for Christmas and so I’m still wearing it now, and I really like it.

Moderator: And do you measure . . . do you look at it every day?

A: Well it syncs with the computer every day, and then I look back and say, ‘ooh yes, that’s when I went
to so and so’. You know, I find it really quite interesting to see. It sends you weekly reports.

FG-P5

A: It’s just a step counter on my iPhone. What it doesn’t show of course is that I’ve also done a 40-mile
bike ride.

B: Does it not count, does it not count the bike ride?

A: Yeah, you can do that on something called Strava [Strava, San Francisco, CA, USA]. Strava monitors
walking, running, bike riding, and every time I go on a bike ride . . . I put Strava on.

FG-P3

It appears that, during the course of the study, while Walking Away Plus participants appeared to
increasingly use these newer technologies to support reporting their step count back to the PROPELS
team via text, Walking Away participants were increasingly using these too. Hence, it is likely that
participants in the control arm were also adopting such technology and, in turn, adapting their
behaviour. Indeed, the rapid increase in self-monitoring technologies over the years when PROPELS
was running should be noted as a contextual influence on participants in all three study arms.

Summary and discussion

To summarise, key themes from the focus groups provide insight into the main trial results. In terms of
the 12-month increase in activity levels, the components of Walking Away Plus were described by
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participants as aiding physical activity increase. Pedometers and activity diaries facilitated the weekly
step count to submit via text messages. Many found this self-monitoring useful and interesting,
with some even taking this a step further by creating spreadsheets or other methods of long-term
monitoring. Although some participants found the text messaging irritating or irrelevant, many
appreciated the way that it served as a useful reminder and as a method for logging weekly step
counts. When hearing about it, many Walking Away participants expressed regret at not having had
the continued contact with the study that it provided.

Focus group participants reflected on how their activity levels had changed (and why) throughout the
48 months; some talked about incidents that had led them to reducing their activity levels and whether
or not and how they managed to increase their levels again; in some instances, this involved changing
type of activity (e.g. because of an injury). Notably, as the intervention aimed to support individuals in
increasing and maintaining physical activity levels themselves, analysis focused on what participants did
themselves, drawing on what they had learnt from the intervention and with the tools provided for
self-monitoring, as opposed to someone or something else intervening for them to re-engage.

Participants’ accounts and discussions revealed several explanations for the limit in the sustainability of
activity increase found by the trial. For some, factors related to ageing and associated health risks and
conditions were prominent; falls, accidents or surgery – and associated recovery – led to long periods
of reduced activity, while others spoke of a general feeling of physically not being able to do as much
with their increasing age. Work and other commitments had an impact on some participants. Whereas
several participants described maintaining self-monitoring activity after the study ended, others no
longer saw the need, often because they were satisfied with their new habitual levels, or, for a few,
had reduced motivation.

Based on an analysis of the end-of-study focus groups, recommendations for improving the
intervention might include:

l identifying an additional form of support that participants could call on in the event of a major
health issues/illness, such as an extra telephone call to ‘reset’ the text messaging, and change the
tailoring factors accordingly

l identifying an additional mechanism for maintaining motivation in the long term
l incorporating newer self-monitoring technologies that have become popular within the target age

group (Fitbit, Strava, etc.).
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Chapter 6 Cost-effectiveness analysis

Two cost-effectiveness analyses were undertaken. The primary analysis was a model-based analysis
using the School for Public Health Research Diabetes Prevention Model (henceforth ‘the model’).70

The secondary analysis was an alongside-trial analysis. The methods for the cost-effectiveness analyses
are presented in the following order:

1. calculating the costs of the interventions
2. primary analysis – model-based evaluation
3. secondary analysis – alongside-trial analysis.

Calculating the costs of the interventions

Intervention costs
Two sets of intervention costs were calculated: one relating to the estimated costs of delivering
Walking Away and Walking Away Plus, given that it is likely to be delivered in real-world practice, and
the second relating to the cost of delivering Walking Away and Walking Away Plus, as per the PROPELS
trial protocol. The former set was developed in consultation with personnel involved in delivering
Walking Away and related interventions, and was intended to represent the most likely costs faced
by the NHS were Walking Away or Walking Away Plus to be implemented. The intention is to correct
for any artificially high or low implementation costs that may be an artefact of the trial process.
The real-world costs were used in the base-case analyses.

The Walking Away intervention costs included educator and administrative staff time, physical
resources (e.g. pedometers and teaching materials), venue hire and refreshments, staff training and
participant expenses. In addition, there were further costs that applied only to the Walking Away Plus
arm, namely the cost of follow-up telephone calls and text messages.

The trial management group anticipated that, in a real-world setting, staff would need to be retrained
less frequently than the 4 years of the trial would suggest. Therefore, the cost of training staff was
annuitised over 10 years (in line with assumptions made for similar structured education
interventions114) using the following annuity calculation:

Annuity factor (n, r) = (1 – (1 + r)–n) / r, (1)

where r = discount rate (3.5%) and n = expected lifetime of the training (10 years).

In the trial, participants from both intervention arms attended the same education sessions; therefore,
the common costs were totalled and divided proportionally to the number of participants randomised
to each arm. The Walking Away Plus additional costs were added to this to yield a total cost per arm
that was divided by the number randomised to produce a per-participant cost for each arm.

Economic analysis methods

Two analyses were undertaken: a model-based evaluation (primary analysis) and a within-trial analysis
(secondary analysis). Details of both of these analyses are given below. This section details aspects of
the analyses that were in common across both analyses.

DOI: 10.3310/hta25770 Health Technology Assessment 2021 Vol. 25 No. 77

Copyright © 2021 Khunti et al. This work was produced by Khunti et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

55



Perspective, discounting and time horizon
In line with the NICE methods guide,75 the analyses took an NHS and a Personal Social Services perspective;
future costs and QALYs were discounted at a rate of 3.5% per annum; and the time horizon was a
lifetime horizon in the primary analysis and a 4-year time horizon in the secondary analysis.

Outcome measures
Costs and QALYs were estimated for each strategy.

The primary outcome measure was the ICER, which is change in cost/change in QALYs. As there are
three strategies in this decision problem, the strategies were ordered by the total number of QALYs
produced and ICERs were calculated comparing each strategy to the next least effective strategy.
Any intervention that was dominated (i.e. produced fewer QALYs at a higher cost than another
intervention) or was extendedly dominated (i.e. if a strategy’s ICER is higher than the ICER of the next
most effective intervention) then these strategies were removed when calculating ICERs.

The value of information was calculated for this decision problem. We calculated the value of expected
value of perfect information (EVPI). This statistic is the value to a decision-maker (e.g. NICE) of
eliminating the uncertainty in all parameters in the economic analysis. Therefore, it provides an upper
limit on any future research to reduce uncertainty on these sets of strategies. We also calculated the
parameter EVPI, which is the value to the decision-maker of eliminating all uncertainty in a subset of
parameters in the model, for step count, diabetes diagnoses and HbA1c.

Primary analysis: model-based evaluation

A detailed account of the methodology underlying the model is reported elsewhere.70 In brief, it was an
individual patient-level simulation in which simulated individuals were passed through a lifetime of events in
annual cycles. During each annual cycle, an individual may be diagnosed with diabetes, may become unwell
(from cardiovascular disease, cancer, diabetes-related complications, depression, dementia or osteoarthritis),
may be prescribed antihypertensives, statins or diabetes medication, or may die (either from their illness or
from background mortality). Their risk of each of these events happening is determined by a series of risk
functions and the individual’s metabolic characteristics. These metabolic characteristics were set at the
start of the model and updated with each annual cycle based on observations in the PROPELS trial and on
modelled trajectories.115 Each time an individual experiences a clinical event, passes into a new health state
or is prescribed a new medication, this is associated with costs and health consequences. Thus, the model can
extrapolate intervention effects and estimate costs and QALYs over a lifetime horizon. The model takes an
NHS and Personal Social Services perspective.

The model is well validated for use in diabetes prevention interventions,73,116 but further development was
required to adapt it specifically to the PROPELS trial. In particular, the following adaptations were made:

1. The model used a simulated population based on the Health Survey for England. This was changed
to better represent the PROPELS trial population.

2. Step count was included as a new population characteristic. This directly affected the cardiovascular
risk of modelled individuals based on the results of the NAVIGATOR trial.20

3. During the first four annual model cycles, the pre-existing HbA1c trajectories and diabetes diagnosis
mechanism were replaced by a new regression models developed using the trial data, so that
diabetes diagnoses reflected those observed in the trial.

The model population
To model the cost-effectiveness of Walking Away and Walking Away Plus in the general population, we ran
the model twice for each analysis: once with a population representing the South Asian trial subpopulation,
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and once with a population representing the non-South Asian trial subpopulation. The results from the
two subgroups were weighted using data from the UK government117 on the relative size of these two
populations in the UK. For example, if we found that a strategy resulted in 10 discounted QALYs being
accrued in the non-south Asian population and 11 discounted QALYs being accrued in the South Asian
population, and if 10% of the population was South Asian, then the total number of discounted QALYs
accrued for that strategy would be 10.1, because (11 × 0.1) + (10 × 0.9) = 10.1.

Each of these subpopulations was synthesised based on an analysis of the trial participants at baseline,
using the following steps:

1. assessment of the distribution of each continuous variable required by the model (e.g. height,
weight and systolic blood pressure)

2. transformation of any non-normally distributed variables to generate approximately normal
distributions for each variable

3. construction of a multivariate normal distribution using all variables (both continuous and categorical)
simultaneously to preserve correlations between variables

4. sampling of each variable for all simulated individuals
5. for continuous variables:

– generation of cut-off points for each categorical variable using the proportional frequency of each
category in the PROPELS data

– the sampled variable was converted back into the appropriate category using these cut-off points.

6. back-transformation of any transformed variables to the natural scale.

Step count modelling
At baseline, step count was sampled from a multivariate normal distribution as described previously.
At 12 and 48 months, step count was simulated using a beta-regression. Beta-regressions predict two
outcomes: a mean effect and dispersion in the mean effect. Variance can be predicted for any mean
effect and dispersion using the following formula:

Variance = mean effect × (1 –mean effect)½ � / ½1 + dispersion�. (2)

Furthermore, beta-regressions require that the data that are being predicted are on a scale between
0 and 1. We transformed step count so that 0 was equivalent to 1 step lower than the lowest value in
the PROPELS trial (464 steps per day) and 1 was equivalent to 1 step per day more than the highest
value in the PROPELS trial (25,341 steps per day).

The key advantage of this approach is that it allows heterogeneity to be included in the simulation
because we know the expected number of steps per day and the expected variance in the number
of steps per day for every individual. This means that we do not have to assume that an average
treatment effect is appropriate, with the level of heterogeneity in identical individual outcomes being
driven by the data.

In line with the statistical analysis, to estimate step count at 4 years we controlled for two indicator
variables for randomised study arm (Walking Away vs. control, Walking Away Plus vs. control), the
three randomisation stratification variables (centre, ethnicity and sex), ambulatory activity at baseline
and ambulatory activity at 1 year as covariates. Unlike in the statistical analysis, we did not include
wear time at baseline, wear time at 48 months, number of valid days at baseline or number of
valid days at 48 months as covariates in the regression model, as predicting these covariates in our
simulation model would have increased the computational complexity of the simulation and the causal
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linkages between these parameters and measured step count were unclear. We applied these control
variables to both the mean effect and the dispersion parameters of the beta regression, with the
exception of ethnicity for the dispersion parameter, as the models failed to converge when this covariate
was included.

To estimate step count at 1 year, we controlled for two indicator variables for randomised study arm
(Walking Away vs. control, and Walking Away Plus vs. control), the three randomisation stratification
variables (centre, ethnicity and sex) and ambulatory activity at baseline as covariates. We applied these
control variables to both the mean effect and the dispersion parameters of the beta-regression, again
with the exception of ethnicity for the dispersion parameter.

As the beta-regression produces data on the mean and variance for each individual in the model,
we simulated each individual’s step count by randomly sampling this from their individualised beta-
distribution (based on their expected mean step count and expected dispersion). We did this separately
for each individual’s step count at 1 and 4 years. After we had sampled each individual’s step counts
(on the 0–1 scale), we transformed these simulated values back into steps per day. Between 0–12 and
12–48 months, step count was assumed to be linear. Beyond 48 months, step count was extrapolated
based on four different possible scenarios. First, an underlying trajectory for step count was estimated
by constructing an ordinary least squares linear regression model of step count and age at baseline,
adjusted for sex, site, intervention arm and ethnicity from the PROPELS data. The coefficient for age
from this model was used as the underlying annual change in step count in a no-intervention scenario
for each individual. The observed step count was then compared with this underlying trajectory in the
following four scenarios (Figure 6):

l A. Step count increased between 0 and 12 months and then declined to 48 months, but was above
the underlying trajectory at 48 months. In this case, step count would continue to decline at the
same rate as between 12 and 48 months until it converged with the underlying trajectory, at which
point the individual switched to the underlying trajectory.

l B. The inverse case of (A) – step count decreased between 0 and 12 months and then increased to
48 months but remained below the underlying trajectory. In this case, the step count would continue to
increase at the same rate as between 12 and 48 months until it converged with the underlying trajectory.

l C. An individual experienced improvement during the trial such that their 48-month step count was
above the underlying trajectory and step count had increased between 12 and 48 months. In such a case,
the individual would not converge with the underlying trajectory were their rate of change to continue.
In such a case, the annual rate of change for the underlying trajectory would be applied after 48 months
such that the individual step count trajectory was parallel to the underlying trajectory.

l D. The inverse case of (C) – the individual experienced a decline in step count from 12 to 48 months
and their 48-month step count was below the underlying trajectory. In this case, the annual rate of
change for the underlying trajectory was applied after 48 months such that the individual’s
trajectory was parallel to the underlying trajectory.

Step count and QRISK
It was assumed that the unadjusted QRISK2 algorithms currently in the model adequately described
the baseline risk of cardiovascular disease (CVD) for an individual with the average baseline step count
in the PROPELS trial.

A QRISK2 modifier was calculated for each individual in the model, based on model 3 (the fully
adjusted model) from the NAVIGATOR analysis.20 This analysis was a Cox’s proportional hazards
model, which concluded that the hazard of cardiovascular events was reduced by 10% for every
2000-step increment at baseline and that a change from baseline of 2000 steps in 12 months was
independently associated with an 8% reduction in cardiovascular event rate.
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From this, per-step hazard changes were calculated by finding the 2000th root of 0.9 and 0.92, respectively.
Individual hazard ratios for each patient were calculated, which adjusted for their baseline ambulatory
activity and the change in step count that they experienced in the RCT. These hazard ratios were
recalculated every year. The formulae for calculating each individual’s hazard ratio is as follows:

Baseline CVD hazard ratio = 2000√0:9 ^ (number of steps at baseline

– average number of steps at baseline).

(3)

Annual CVD hazard ratio = bl CVD modifier × (2000√0:92 ^ (number of steps at 12 m

– number of steps at baseline))

(4)
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FIGURE 6 Example step count trajectories. In each scenario, line A represents the individual’s trajectory between years 1
and 4, line B represents the underlying trajectory, and line C represents the modelled step count. (continued )
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Therefore, each individual had a hazard ratio at baseline depending on their baseline ambulatory
activity, which was updated every 12 months depending on their change in ambulatory activity.
The individual-estimated rate of having a CVD event within the next year (as currently calculated in
the existing model structure using the QRISK2 algorithm) was multiplied by the annual hazard ratio
to adjust the risk of CVD events according to individual step count.

HbA1c trajectories
As for step count, we used beta-regressions to estimate HbA1c levels at 1 and 4 years due to their
advantages in being able to incorporate heterogeneity. HbA1c was transformed so that 4.5% (0.1%
lower than the smallest value in the PROPELS trial) was equal to 0%, and 9.2% (0.1% higher than the
largest value in the PROPELS trial) was equal to 1.
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FIGURE 6 Example step count trajectories. In each scenario, line A represents the individual’s trajectory between years 1
and 4, line B represents the underlying trajectory, and line C represents the modelled step count.

COST-EFFECTIVENESS ANALYSIS

NIHR Journals Library www.journalslibrary.nihr.ac.uk

60



To estimate HbA1c levels at 4 years, we controlled for two indicator variables for randomised study arm
(Walking Away vs. control, and Walking Away Plus vs. control), HbA1c at 1 year, the three randomisation
stratification variables (centre, ethnicity and sex) and HbA1c at baseline as covariates. We applied these
control variables to both the mean effect and the dispersion parameters of the beta regression.

To estimate HbA1c at 1 year we controlled for two indicator variables for randomised study arm
(Walking Away vs. control, and Walking Away Plus vs. control), the three randomisation stratification
variables (centre, ethnicity and sex) and HbA1c at baseline as covariates. We applied these control
variables to both the mean effect and the dispersion parameters of the beta regression.

Between 1 and 4 years we assumed that HbA1c levels changed linearly between the two time points. After
4 years, we assumed that HbA1c in the treatment was maintained or declined in the same way that we have
assumed that step count was maintained or declined (see Step count modelling). From the fifth year onwards,
the HbA1c levels of individuals are estimated using the Breeze et al.115 trajectory models.

Modelling uncertainty
To assess uncertainty in the model, we ran both deterministic analyses and PSAs. In the deterministic
case, we set all model parameters to their mean values. The model ran one fixed simulated population.
In the PSA, we varied all model parameters simultaneously within their distributions and performed
many different model runs. We used this set of PSA results to estimate mean costs and QALYs, and
also calculated 95% CIs around these point estimates. Initially, we ran 1000 different sets of parameters.
We assessed the results for stability using Hatswell et al.’s118 criteria, and performed more PSA runs
when needed.

We further explored the sources of model uncertainty using value-of-information analysis, which
estimated the potential cost to the decision-maker of making the wrong decision owing to uncertainty
around the results. We used Sheffield Accelerated Value of Information71 to do this. We assumed that
the maximum number of people affected by the decision was equivalent to the number of people
expected to be offered the National Diabetes Prevention Programme (a similar intervention that is
currently being rolled out nationally), namely 100,000 per year,119 and that the decision would be
relevant for 10 years.

Threshold analysis
We conducted a threshold analysis to determine the justifiable cost of the interventions for them to be
cost-effective relative to usual care at a maximum acceptable ICER of £20,000 per QALY. To do this,
we used a rearranged incremental net monetary benefit equation:

Justifiable cost of the intervention = change in QALYs between intervention and

no intervention × £20,000 – change in cost

between intervention and no intervention.

(5)

Secondary analysis: alongside-trial analysis

The alongside-trial analysis incorporated all of the costs incurred and health benefits accrued during
the 4-year trial period. All statistical analysis was conducted in R version 3.5.3.120

Costs
The costs that each participant incurred included the cost of the intervention (methods described
previously), the cost of health-care resource use and the cost of medications taken during the trial
period. Data on resource use were collected in the trial and data on unit costs were obtained from
nationally representative sources. Within the trial, participants were asked about resource usage within
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the past 12 months at 0, 12 and 48 months. Resource use in years 2 and 3 was assumed to be the
same as at 48 months. Costs incurred in years 2, 3 and 4 were discounted at 3.5% per year.20

Resource use
Self-reported data on health-care resource use at baseline and at 12 and 48 months were taken from
the PROPELS data, namely the number of times in the last 12 months that they had used each of the
following health-care resources: GP, practice nurse, other health-care professional, attendance at
accident and emergency, outpatient clinics, day hospital and inpatient stays. Costs of these resources
were obtained from the PSSRU121 and NHS reference costs122 and are summarised in Table 12.

Medications
Self-reported data on medication use at baseline and at 12 and 48 months were taken from the PROPELS
data. It was assumed that a participant who was taking one or more of these medications was doing so

TABLE 12 Resource use and medication costs

Resource Cost (£) Source Assumptions

Resource use

GP visit at home 93.60 Hernandez Alava et al.121

GP visit at surgery 37 Hernandez Alava et al.121

Nurse visit at home 45 Hernandez Alava et al.121 One hour of band 6 nurse time

Nurse visit at surgery 11.63 Hernandez Alava et al.121 15.5 minutes of band
6 nurse time

Other health-care worker visit at home 36 Hernandez Alava et al.121 One hour of band 5 staff time

Other health-care worker visit at surgery 12 Hernandez Alava et al.121 20 minutes of band 5 staff time

A&E attendance 160 van Hout et al.122

Outpatient clinic attendance 134 van Hout et al.122

Day hospital attendance 745 van Hout et al.122

Inpatient stay 1864.60 van Hout et al.122 Weighted average of cost of
inpatient stays of differing
lengths

Medication costs

ACE inhibitors 37.96 Dolan et al.79 ACE inhibitors

Alpha-blockers 65.00 Dolan et al.79 Alpha-blockers

ARBs 10.01 Dolan et al.79 ARBs

Beta-blockers 8.45 Dolan et al.79 Beta-blockers

Calcium channel blockers 8.45 Dolan et al.79 Calcium channel blockers

Diuretics 6.50 Dolan et al.79 Diuretics

Aspirin 6.76 Dolan et al.79 Aspirin

Statins 10.01 Dolan et al.79 Statins

Fibrates 43.55 Dolan et al.79 Fibrates

Metformin 78.00 Dolan et al.79 Metformin

A&E, accident and emergency; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker.
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long term and was expected to be taking the medication for the duration of the trial. If a participant
was found to have been taking a medication at 48 months, but not at 12 months, the date of their
commencing medication was assumed to be midway between these time points (i.e. 30 months).
The cost of 1 year of treatment on each medication type was taken from the Regional Drug and
Therapeutics Centre (Newcastle) Cost Comparison Charts.79 It was assumed that participants had
been prescribed the most commonly prescribed preparation of each medication class (as reported
in the Prescription Costs Analysis120). The annual cost of treatment with the drugs included is shown
in Table 12.

Utilities
The benefits of the intervention arms were estimated QALYs, calculated from EuroQol-5 Dimensions,
five-level version (EQ-5D-5L), scores.123 In line with current NICE recommendations, utility values were
generated by mapping the EQ-5D-5L domain scores to EQ-5D-3L value set. Individual 5L dimension
scores were mapped to 3L scores using the van Hout algorithm.122 The mapped 3L scores were
aggregated into health state indices, which were valued using the Dolan et al.79 valuation model.

Quality-adjusted life-years
Per-participant QALYs were calculated from the utility values using the area-under-the-curve method.
In line with the NICE methods guide,20 QALYs for years 2, 3 and 4 were discounted at 3.5% per year.

Cost–utility analysis
The incremental costs and benefits of the interventions were calculated using seemingly unrelated
regression equations, implemented using the systemfit package in R.119 The equation system comprised
two equations:

Costs = β1 + β2 × Walking Away + β3 × Walking Away Plus + β4 × sex + β5 × site + β6

× baseline costs + β7 × QALYs + β8 × baseline QALYs + β9 × age
(6)

QALYs = β1 + β2 × Walking Away + β3 × Walking Away Plus + β4 × sex + β5 × site + β6
× baseline costs + β7 × costs + β8 × baseline QALYs + β9 × age:

(7)

The fitted covariates included site, age, sex, ethnicity, and baseline costs and QALYs.

Results are presented as incremental costs, incremental QALYs, ICERs and incremental net monetary
benefit, assuming a willingness-to-pay threshold of £20,000 per QALY in line with NICE guidelines.75

Scenario analyses and multiple imputation
In addition to the two sets of intervention costs described above, the analyses were performed using
both complete cases and imputed data. For the latter, data were imputed using the mice (multiple
imputation by chained equations) function in R.124 Five imputed data sets were generated using the
predictive mean matching option. The imputation models included all of the covariates used in the
systemfit models. As it was not possible to run systemfit models directly using imputation models,
the systemfit models were run separately for each imputed data set and the results were pooled manually
using Rubin’s rules.124

Results

Trial intervention costs
For reasons of practicality, participants in both the Walking Away and the Walking Away Plus arms
attended the same structured education sessions. Therefore, in costing the interventions, it was assumed
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that the costs incurred in providing each arm were the same, except for the telephone and text message
support costs, which were assigned only to the Walking Away Plus arm. The full details and unit costs
used in the microcosting of the interventions are provided in Appendix 11, Tables 49 and 50.

Educators
The cost of providing an educator for 1 hour was £20.37 (including on-costs). The sessions lasted
4 hours, giving a per-session cost of £81.48. A total of 259 sessions were delivered by two educators
and 123 sessions were delivered by one educator.

Delivery of the interventions was supported by a training and mentoring package, which comprised:

l Training to deliver –

¢ the initial Walking Away structured education sessions (both intervention arms)
¢ the Walking Away update sessions (both intervention arms)
¢ the follow-up telephone calls (Walking Away Plus only).

l Mentoring to promote the fidelity of –

¢ the Walking Away sessions (both intervention arms)
¢ the telephone calls (Walking Away Plus only).

Training was delivered by two members of NHS staff: one at band 7 and one at band 8a. Fidelity
promotion was carried out by the band 8a staff member only. For clarity, ‘trainers’ refers to the staff
members who delivered the training sessions and ‘educators’ refers to the individuals who attended
the training sessions and delivered the structured education sessions in the interventions.

Walking Away delivery training
All educators (eight in Leicester and four in Cambridge) attended the Walking Away training. One session
was run in each site. Nine educators (five in Leicester and four in Cambridge) attended the update training
sessions. One update training session was run in each site. Details of the total costs of running these
training sessions are provided in Table 13.

Telephone call delivery training
Initially, all educators were trained to deliver the telephone calls. Throughout the study, there was a
high staff turnover for this part of the intervention, as educators were unwilling to make the telephone
calls, and replacement staff were trained to take over. The total telephone call training costs were
£4071, details of which are given in Table 13.

Walking Away fidelity training
There were two types of sessions to promote fidelity of the Walking Away education sessions: in year 1,
educators were observed delivering the intervention; in years 2–4, they met with trainers for mentorship
and support. The total Walking Away fidelity training cost was £3393, details of which are given in
Table 14. Fidelity assessment of the telephone calls was conducted separately, and this cost £1803,
details of which are provided in Table 13.

Total intervention costs

The annual cost is the total cost divided by the annuity factor. Four-year costs are the annual costs of
training multiplied by 4. The total training costs for both interventions are given in Table 14.
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TABLE 13 The total cost of all training sessions and fidelity assessments delivered in the trial

Unit cost Quantity Cost (£)

Walking Away initial training

Trainer time £53 + £63 per hour 15 hours × two sites 3480

Plus 15 hours’ prep time 870

Educator time £20.37 per hour 15 hours × 12 educators 3667

Refreshments £10 per head (Leicester);
£9.50 per head (Cambridge)

8+ 2; 4+ 2 100; 57

Booklets £25 per head 12 325

Stationery £15 1 15

Additional half-day top-up course for one educator (educator and band 8a trainer time only) 292

Total 8805

Walking Away update training

Trainer time £53 + £63 per hour 3.5 hours × two sites 812

Plus 7.5 hours’ prep time 870

Educator time £20.37 per hour 3.5 hours × nine educators 642

Refreshments £10 per head (Leicester);
£9.50 per head (Cambridge)

5+ 2; 4+ 2 70; 57

Booklets £10 per head 9 90

Stationery £15 1 15

Total 2556

Telephone calls: initial training

Trainer time £53 + £63 per hour 3.5 hours × two sites 812

Plus 7.5 hours’ prep time 870

Educator time £20.37 per hour 3.5 hours × 12 educators 856

Refreshments £2.50 per head (Leicester);
£2 per head (Cambridge)

8+ 2; 4+ 2 25; 12

Total 2575

Telephone calls: training replacement staff

Trainer time £63 per hour 2 hours × eight sessions 1008

Educator time £20.37 per hour 2 hours × 12 trainees 489

Total 1497

Fidelity assessment of Walking Away in the first year

Trainer time £63 4 hours × six visits 1512

Educator time N/A N/A N/A

Total 1512

Fidelity assessment of Walking Away in subsequent years

Trainer time £63 2 hours × six visits £756

Educator time £20.37 Nine educators × 2 hours × three
sessions

1100

Refreshments £2.50 per head (Leicester);
£2 per head (Cambridge)

5+ 1; 4+ 1 15; 10

Total 1881

continued
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Support staff costs
Two types of support staff, administrators and project managers were employed to assist organisation
of the interventions. The trial management team estimated that it took each administrator 15 minutes
to book an appointment for a participant, and 30 minutes per education session to book the venue,
prepare resources and process invoices. Administrators at Cambridge were paid university grade 2
salaries and at Leicester the staff were at NHS band 3; project managers were at university grade 6 at
Cambridge and NHS band 6 at Leicester. For Cambridge staff, the mean salary (including on-costs) for
each grade was used to estimate annual salary. Hourly rates for grade 2 staff were calculated based on
a 35-hour working week. In the case of Leicester staff, the mean salary for a band 6 hospital-based
professional staff member including overheads was taken from the Personal Social Services Research
Unit (PSSRU). Equivalent figures for band 3 were not available, so the hourly rate for a band 3 staff
member was estimated using the ratio of hourly pay to hourly total cost for a band 4 staff member.
The costs of employing these staff are shown in Table 15.

Text message system
The total number of text messages sent in the trial was 96,252. Each text cost 3.5 pence to send.
In addition, there was an annual licence fee of £118 for the system, giving a total cost of text messages
of £3841.

TABLE 13 The total cost of all training sessions and fidelity assessments delivered in the trial (continued )

Unit cost Quantity Cost (£)

Fidelity assessment of the telephone calls

Trainer time £63 2 hours × six visits 756

Educator time £20.37 2 hours × three visits × eight
educators

978

Refreshments £2.50 per head (Leicester);
£2 per head (Cambridge)

(5 + 1) × three visits;
(3 + 1) × three visits

45; 24

Total 1803

TABLE 14 Total training costs (£)

Total 4 years Annual

Walking Away 8805 4235 1059

Update 2556 1229 307

Telephone calls 4071 1958 490

Fidelity 3393 1632 408

Telephone call fidelity 1803 867 217

Totals 20,628 9922 2480

Cost of training apportioned to Walking Away arma 7438 3576 894

Cost of training apportioned to Walking Away Plus armb 13,312 6401 1600

a Weighted according to the number of participants in the Walking Away arm; excludes telephone call delivery and
fidelity training.

b Weighted according to the number of participants in the Walking Away Plus arm; includes 100% of the telephone
call delivery and fidelity training costs.
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Participant expenses
Participant travel expenses were reimbursed on request at both sites. Leicester did not reimburse
mileage but did pay for participants’ taxis, whereas Cambridge did reimburse mileage but did not pay
for taxis. The total cost of travel expenses across the two sites was £6454.19.

Administration consumables and teaching resources
Participants in both Cambridge and Leicester were sent appointment letters by post. The Leicester site
also sent participants a map showing where to go for the appointment. Costs were associated with
teaching resources (paper, pens and booklets) and sets of demonstration materials. In total, the cost of
administration and consumables came to £11,163.

Venue costs
In addition to the cost of staff to deliver the sessions, costs were incurred for venue hire and providing
refreshments. Some venues provided refreshments in house, whereas at other sessions the refreshments
were provided by the PROPELS team. The total cost of booking venues came to £9924.

Additional costs
In addition, each participant received a pedometer that cost £10.50.

Real-world cost assumptions
Following communication with personnel involved in delivering Walking Away and related interventions in
a real-world setting (specifically the DESMOND National Director, Bernie Stribling, who is familiar with
the intervention landscape for all Walking Away sites in the UK and Ireland), a second set of costs was
estimated to reflect the expected cost of delivering the interventions outside the trial. The differences
between the two sets of costs are summarised in Table 16. It is assumed that, in the real-world setting,
either Walking Away or Walking Away Plus would be commissioned.

Per-participant costs
The per-participant costs are summarised in Table 17. The total within-trial cost of delivering Walking
Away was £286 per participant and the cost of delivering Walking Away Plus was £338 per participant.
The real-world costs of delivering the interventions are estimated to be slightly lower than the within-trial
costs (Walking Away £257, Walking Away Plus £322). There are two primary reasons for the real-world
costs being so close to the within-trial costs of delivering Walking Away. First, the staff members who
would be expected to deliver the interventions in the real world are more expensive than the staff used in
the PROPELS RCT. Second, we expect that fewer sessions per year will be delivered in real-world settings,
increasing the effective per-participant cost of training the educators.

TABLE 15 Cost of support staff

Type of cost Leicester Cambridge

Hourly salary of administrator £23.71 £13.84

Number of appointments booked 2016 1076

Total amount of administrator time (hours) 616 348.5

Total cost of administrator time £14,594 £4823

Yearly salary of project manager £69,766 £44,481

FTE of project manager hours 0.4 0.2

Total cost of project manager salary over 4 years £111,625.60 £35,584.80

Total support staff cost per site £126,491.80 £40,407.12

Total support staff cost £162,882.49
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Alongside-trial analysis

Within-trial costs

Health-care resource use
Per-participant health-care resource use at baseline was slightly higher in the Walking Away (£620)
and Walking Away Plus arms (£626) than in the usual care arm (£717). A detailed breakdown of the
costs incurred during the trial is provided in Appendix 13, Table 69. In summary, health-care resource
use was higher in the Walking Away arm than in the usual care arm, and higher still in the Walking
Away Plus arm. Although primary care costs were similar across the arms, the Walking Away and
Walking Away Plus arms both incurred higher hospital inpatient and outpatient costs.

Adjusted costs and quality-adjusted life-years
Table 18 shows the costs results of the systemfit models over our four scenarios, which cover
imputation techniques and methods for calculating the costs of Walking Away and Walking Away Plus.
estimating the difference between arms. In all scenarios, both the Walking Away and the Walking
Away Plus arms incurred more total costs over the study period than the usual care arm.

TABLE 16 Real-world vs. PROPELS assumptions

Variable

PROPELS Real world

Assumption Cost Assumption Cost

Educators Educators were
specially recruited
staff

£20 per hour Educators are band 4
or 5 non-registered
health-care
professionals

£31 per hour (average
cost per working hour
of bands 4 and 5 staff)

Trainers Trainers are one
band 7 and one
band 8a staff member

£53 and £63 per
hour, respectively

Trainers are band 7 £53 per hour

Pedometers One research-grade
pedometer is
provided per
participant

£10.50 per participant Pedometers are
not provided to
participants

£0

Telephone
calls

Telephone calls are
made by specially
recruited staff

£20 per hour Telephone calls are
made by educators

£31 per hour (average
cost per working hour
of bands 4 and 5 staff)

Expenses Travel expenses were
reimbursed

Travel expenses are
not reimbursed

£0

Attendance Nine participants per
course

10 participants per
course

Number of
courses
over 4 years

95.5 (382 individual
sessions)

60 (240 individual
sessions)

TABLE 17 Within-trial and real-world per-person costs (£)

Intervention PROPELS Real world

Walking Away 286 257

Walking Away Plus 338 322
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Table 18 shows the QALY results of the systemfit models estimating the difference between arms. In all
scenarios, both Walking Away and Walking Away Plus accrued more QALYs over the study period than the
usual care arm, with the Walking Away arm accruing more QALYs than usual care. However, the incremental
QALYs between either intervention and usual care are much lower than that observed in the complete-case
analysis. It is unsurprising that the results may be substantially different between the imputed and the
complete cases, as only 678 patients in the PROPELS data had complete cost and QALY data.

Cost-effectiveness
The ICERs from the within-trial analysis for the real-world costs and complete-case data are given in
Table 19. When one QALY is valued at £20,000, in line with NICE guidelines, the within-trial analysis
would indicate that Walking Away is the most cost-effective option. These results are highly volatile
and are sensitive to the assumptions made about missing data and the calculation of the costs. For
example, when trial costs are used and the missing data are imputed, usual care would be the most
cost-effective option when one QALY is valued at £20,000. It should be noted that all within-trial
results are highly uncertain.

This uncertainty is illustrated on the cost-effectiveness plane in Figure 7. Interventions on the cost-
effectiveness plane to the right of the dotted line are cost-effective at a willingness-to-pay threshold of
£20,000, and those to the left are not. As the 95% CIs for cost and QALYs for both interventions cross
the dotted line, it is not possible to be certain if either intervention is cost-effective at this threshold.

Similarly, the cost-effectiveness acceptability curve in Figure 8 demonstrates this uncertainty. The graph
shows the probability that each of the three trial arms is cost-effective at varying values of a QALY.

TABLE 18 Adjusted costs and QALYs from the seemingly unrelated regressions

Walking Away vs.
usual care, mean (SE)

Walking Away Plus vs.
usual care, mean (SE)

Adjusted costs from the seemingly unrelated regression (£)

Real-world costings, complete cases (n= 678) 1193 (908) 2149 (907)

Real-world costings, imputed missing costs and QALYs
(n = 1366)

949 (721) 1648 (815)

Trial costings, complete cases (n= 678) 1267 (904) 2289 (904)

Trial costings, imputed missing costs and QALYs (n = 1366) 664 (840) 1460 (705)

Adjusted QALYs from the seemingly unrelated regressions

Real-world costings, complete cases (n= 678) 0.12 (0.06) 0.13 (0.06)

Real-world costings, imputed missing costs and QALYs
(n = 1366)

0.07 (0.04) 0.02 (0.04)

Trial costings, complete cases (n= 678) 0.12 (0.06) 0.14 (0.06)

Trial costings, imputed missing costs and QALYs (n = 1366) 0.07 (0.04) 0.02 (0.03)

SE, standard error.

TABLE 19 Within-trial cost-effectiveness when real-world costs and complete-case data are used

Incremental QALYs Incremental costs (£) ICER (£/QALY gained)

Usual care – – –

Walking Away vs. usual care 0.124 1193 9639

Walking Away Plus vs. Walking Away 0.007 955 145,515
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At a low willingness-to-pay threshold, usual care has the highest chance of being the most cost-effective
intervention because it is the cheapest option. As the value of a QALY increases, the QALY gains in Walking
Away and Walking Away Plus become more valuable and their relative chance of cost-effectiveness
increases. Between the upper and lower limits of the NICE threshold, namely £20,000 and £30,000 per
QALY, the three arms have a roughly even chance of being the most cost-effective option.

Model results

Model population
The characteristics of the simulated population compared with the real PROPELS data at baseline are
shown in Appendix 10, Table 48. Overall, there was good agreement between the simulated and the
real data.
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Step count trajectories
The figures below show the step count trajectories in the South Asian (Figure 9) and non-South Asian
(Figure 10) populations in the deterministic model runs. The average per-day step count at baseline in
the non-South Asian population was 7164 (in all three arms). At 12 months, both Walking Away and
Walking Away Plus arms were given increases in step count to reflect the treatment effect of the
interventions, resulting in average daily step counts of 7342 and 7563, respectively. By 48 months,
the average daily step count had declined to 6981 and 7174, respectively.

In the Asian population, the baseline step count was 7042 steps per day. At 12 months, it rose to 7178
and 7399 steps per day in the Walking Away and Walking Away Plus arms, respectively. Over the next
3 years, to the end of the trial period at 48 months, step count declined in both groups, to 7075 and
7301 steps per day, respectively.

Beyond 4 years in both subpopulations, both Walking Away and Walking Away Plus individuals
converged with their individual underlying trajectory, and then continued to decline in daily step count
at a rate of 67 steps per day per year, as predicted by the ordinary least squares regression model. At
an aggregate level, there is some noise to this effect as individuals die, and those with a low step count
(and higher cardiovascular risk) are at higher risk of mortality. Note that average step count beyond
30 years is omitted from these graphs as the small numbers of individuals make the figures unstable.
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HbA1c and diabetes diagnoses
Table 20 shows the rates of diagnosis of T2D in the deterministic model runs in the non-South Asian
and South Asian populations. In both subpopulations, the total number of within-trial diagnoses was
largest in the Walking Away arm, followed by the usual care arm, followed by the Walking Away Plus
arm. This was expected because our logistic regressions (see Appendix 12, Tables 51–68) produced odds
ratios for rates of diabetes diagnosis comparing Walking Away with usual care of 1.55 (97.5% CI 0.52
to 4.63) at year 1 and 1.58 (97.5% CI 0.74 to 3.39) at year 4. Comparing Walking Away Plus with usual
care, the odds ratios for the rates of diabetes diagnoses were 0.72 (97.5% CI 0.19 to 2.68) at year 1
and 1.25 (97.5% CI 0.57 to 2.74) at year 4. In all three arms, rates of diabetes diagnosis over a lifetime
were higher in the South Asian population than the in the non-South Asian population.

As shown in Figures 11 and 12, the average HbA1c level (%) was very similar across all three trial arms.
The trajectory for the first 4 years (i.e. the data generated from analysis of the PROPELS trial) was not
notably different from that for the subsequent years of the model (which was extrapolated using
equations based on an analysis of the Whitehall data set125).
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TABLE 20 Diabetes diagnoses in the South Asian and non-South Asian populations

Study arm

Usual care Walking Away Walking Away Plus

Non-South Asian population (%)

Year 1 0.75 1.65 1.16

Year 4 8.60 10.91 7.75

Total within-trial diagnoses 9.35 12.56 8.90

Total lifetime 45.94 46.62 45.66

South Asian population (%)

Year 1 0.95 1.31 0.65

Year 4 6.83 9.67 7.62

Total within-trial diagnoses 7.78 10.98 8.27

Total lifetime 51.39 52.26 51.41
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Deterministic results
In the deterministic analysis, mean parameter values were used and the population was fixed. The
costs and QALYs for each subpopulation and the weighted population are given in Table 21. All results
are presented per person. In both the South Asian and the non-South Asian subpopulations, Walking
Away is both more expensive and less effective than usual care, that is it is dominated. In both
subpopulations, Walking Away Plus is more expensive and slightly more effective than usual care,
giving ICERs that are well in excess of the £20,000-per-QALY threshold.

Probabilistic sensitivity analysis
The PSA results for each subpopulation are given in Table 22. In both the South Asian and the
non-South Asian subpopulations, Walking Away is both more expensive and less effective than
usual care, that is it is dominated by usual care. In both subpopulations, Walking Away Plus is more
expensive and slightly more effective than usual care, giving ICERs that are well in excess of the
£20,000-per-QALY threshold.
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TABLE 21 Deterministic cost-effectiveness results in all three analysis populations

Population Costs (£) QALYs
Incremental
costs (£)

Incremental
QALYs ICER (£)

South Asian population

Usual care 23,007 10.823 – – –

Walking Away 23,408 10.808 – – Dominated by usual care

Walking Away Plus 23,359 10.824 352 0.000686 513,242

Non-South Asian population

Usual care 21,248 9.362 – – –

Walking Away 21,633 9.354 – – Dominated by usual care

Walking Away Plus 21,581 9.371 333 0.00848 39,224

Weighted population

Usual care 21,341 9.440 – – –

Walking Away 21,727 9.432 – – Dominated by usual care

Walking Away Plus 21,675 9.448 334 0.00806 64,347
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The cost-effectiveness planes (Figures 13–15) for both subpopulations and the weighted population
show that the PSA mean ICERs for both Walking Away (dark blue crosses) and Walking Away Plus
(light-blue crosses) are to the left of the dotted line that indicates a cost-effectiveness threshold of
£20,000 per QALY; that is, they are not cost-effective at this threshold. However, the purple and
light-blue clouds of points that indicate individual PSA runs show that, for some combinations of
parameters, the results are to the right of the line, indicating that both or either of the interventions
could be cost-effective at this threshold.

As shown by the cost-effectiveness acceptability curve in Figure 16, among the non-South Asian
population, at a threshold of £20,000 per QALY there is a 52.0% chance that usual care is the most
cost-effective option, a 9.8% chance that Walking Away is the most-cost-effective option and a 38.2%
chance that Walking Away Plus is the most cost-effective option. At a threshold of £30,000 per QALY,
the corresponding probabilities are 45.5%, 11.9% and 42.5%.

Among the Asian population (Figure 17), at a threshold of £20,000 per QALY there is a 61.8%
chance that usual care is the most cost-effective option, an 11.7% chance that Walking Away is the
most cost-effective option and a 26.4% chance that Walking Away Plus is the most cost-effective
option. At a threshold of £30,000 per QALY, the corresponding probabilities are 54.6%, 14.0% and
31.4%, respectively.

Among the weighted population (Figure 18), there is a 55.6% chance that usual care is the most cost-
effective option at £20,000 per QALY, a 9.5% chance that Walking Away is the most cost-effective and
a 34.9% chance that Walking Away Plus is the most cost-effective. At a threshold of £30,000 per QALY,
the corresponding probabilities are 48.6%, 11.4% and 40.0%, respectively.

Clinical events
Table 23 shows the PSA average lifetime per-person incidence of T2D, CVD and T2D complications in
each of the two subpopulations.

TABLE 22 Probabilistic sensitivity analysis results (South Asian, non-South Asian and weighted populations)

Population Costs (£) QALYs
Incremental
costs (£)

Incremental
QALYs ICER (£)

South Asian population

Usual care 24,489 10.712 – – –

Walking Away 24,994 10.697 – – Dominated by usual care

Walking Away Plus 24,907 10.713 418 0.0014 306,971

Non-South Asian population

Usual care 22,494 9.245 – – –

Walking Away 22,910 9.235 – – Dominated by usual care

Walking Away Plus 22,838 9.252 344 0.0074 46,163

Weighted population

Usual care 22,598 9.323 – – –

Walking Away 23,018 9.312 – – Dominated by usual care

Walking Away Plus 22,945 9.330 347 0.00705 49,273
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FIGURE 13 Cost-effectiveness plane for the model results in the South Asian population.
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FIGURE 15 Cost-effectiveness plane for the model results in the weighted population.
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FIGURE 16 Cost-effectiveness acceptability curve (non-South Asian population).

0.0

0.2

0.4

0.6

0.8

1.0

P
ro

b
ab

ili
ty

 m
o

st
 c

o
st

-e
ff

ec
ti

ve
 o

p
ti

o
n 1.2

0
5000

10,0
00

15,0
00

20,0
00

25,0
00

30,0
00

35,0
00

40,0
00

45,0
00

50,0
00

55,0
00

60,0
00

65,0
00

70,0
00

75,0
00

80,0
00

85,0
00

90,0
00

95,0
00

100,0
00

Maximum acceptable ICER (£/QALY)

Usual care
Walking Away
Walking Away Plus

Study arm

FIGURE 17 Cost-effectiveness acceptability curve (South Asian population).
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Intervention cost threshold analyses
Table 24 shows the results of the intervention cost threshold analysis. Walking Away Plus would need
to be delivered at a cost of £116 per person to be cost-effective at a threshold of £20,000 per QALY.
Because Walking Away is less effective than usual care, it would have to be less expensive than usual
care by £370 to be cost-effective at £20,000 per QALY.

Value of information
The total per-person EVPI was found to be £279.56. Assuming that the maximum number of
interventions that would be delivered per year was 100,000, and that the decision relevance horizon
was 10 years, the total EVPI for the UK is £279,559,484. This can be interpreted as the total value to
the UK of research to eliminate all uncertainty about the cost-effectiveness of Walking Away and
Walking Away Plus.

The expected value of perfect parameter information (EVPPI) for the key groups of parameters taken from
the PROPELS trial are presented in Table 25 and Figure 19. The sources of uncertainty that have the largest
potential impact on the decision are the parameters required to predict HbA1c and T2D diagnoses.

TABLE 23 Clinical events in the PSA: South Asian and non-South Asian populations

Population

Usual care Walking Away Walking Away Plus

Number of
diagnoses

Cost of
treating (£)

Number of
diagnoses

Cost of
treating (£)

Number of
diagnoses

Cost of
treating (£)

South Asian population

T2D 0.523 2022 0.532 2131 0.524 2076

CVD eventsa 0.490 7450 0.489 7460 0.487 7432

T2D complicationsb 0.243 1499 0.245 1574 0.244 1533

Other clinical eventsc N/A 13,518 N/A 13,572 N/A 13,544

Intervention – 257 322

Total cost 24,489 24,994 24,907

Non-South Asian population

T2D 0.461 1522 0.471 1600 0.461 1548

CVD eventsa 0.407 8495 0.405 8491 0.403 8465

T2D complicationsb 0.211 1318 0.213 1371 0.211 1328

Other clinical eventsc 11,159 11,192 11,175

Intervention – 257 322

Total cost 22,494 22,910 22,838

N/A, not applicable.
a Includes MI, angina, stroke, TIA and congestive heart failure.
b Includes peripheral neuropathy, retinopathy and nephropathy.
c Includes cancer, depression, dementia, osteoarthritis and primary care costs of antihypertensives and statins.

TABLE 24 Intervention cost threshold analysis

Intervention
Mean value of
incremental QALYs (£)

Mean incremental costs
(excluding intervention cost) (£)

Maximum cost of intervention
for cost-effectiveness (£)

Walking Away –206 164 –370

Walking Away Plus 141 25 116
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TABLE 25 The EVPPI for parameters from PROPELS trial

Parameter group
Per-person
EVPPI (£)

Whole population (n= 100,000 per annum)a

Non-South
Asian
population
(n= 94,700
per annum)

South Asian
population
(n= 5300
per annum)

EVPPI for
the UK over
10 years (£M)

Per-person
EVPPI (£)

EVPPI for
the UK over
10 years (£M)

Per-person
EVPPI (£)

EVPPI for
the UK over
10 years (£M)

Total EVPI 280 279.6 298.90 283.1 182.80 9.7

HbA1c overall 162 161.6 193.25 183.0 89.37 4.7

HbA1c at 12 months 36 136.1 149.46 141.5 68.19 3.6

HbA1c at 48 months 154 153.6 180.43 170.9 46.34 2.5

T2D diagnoses
overall

161 161.1 159.82 151.3 51.10 2.7

T2D diagnoses at
12 months

111 110.7 123.26 116.7 4.24 0.2

T2D diagnoses at
48 months

52 52.0 55.71 52.8 15.44 0.8

Step count overall 135 135.1 167.32 158.5 71.08 3.8

Step count at
12 months

95 95.0 145.04 137.4 62.58 3.3

Step count at
48 months

121 120.6 126.57 119.9 41.53 2.2

a Note that the EVPI values were estimated in using weighted results for each PSA run. For example, whole-population
QALYs in PSA run 1= (947,000 * QALYs in the non-South Asian population in PSA run 1 + 5300 * QALYs in the
South Asian population in PSA run 1)/100,000. As such, the results may not match the weighted average of the
results in the two population subgroups.
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Chapter 7 Discussion and conclusions

The PROPELS study found that a pragmatic, 3-hour group-based behavioural intervention, when
combined with tailored text messages and telephone calls, can be used to initiate increased

ambulatory activity of over 500 steps per day during the first 12 months of intervention delivery
in people with prediabetes in primary care. However, the effects were not sustained at 48-month
follow-up and the results were consistent across ethnic groups. Secondary outcomes were also largely
unchanged. However, there were small but sustained reductions in triglycerides in the Walking Away
Plus study arm, as well as in body weight and waist circumference in the Walking Away study arm,
which were accompanied by improvements in liver function at 48 months.

It is increasingly recognised that even small changes to physical activity may have important health
benefits. It has recently been proposed, using a triangulation of different data sources, that 500 steps
per day or 5–6 minutes of brisk walking is the minimum clinically meaningful difference in ambulatory
activity, conveying a relative reduction in the risk of cardiovascular disease and all-cause mortality of
between 2% and 9% for inactive populations or a difference in life expectancy of around 4 years.126

These findings are reflected in the recently updated Physical Activity Guidelines for Americans,127 which
acknowledges that even 5 minutes of moderate-intensity physical activity – equivalent to around
500 steps of brisk walking – has health benefits. The increase in ambulatory activity seen in the
Walking Away Plus study arm relative to controls at 12 months, although modest, is, therefore, likely
to be clinically meaningful.

Although, in this study, changes to physical activity in the Walking Away Plus study arm were not
accompanied by changes to most of the assessed cardiometabolic risk factors, triglycerides were
reduced, with the effects sustained after 48 months. Triglycerides are one of most consistently
observed lipid profile factors that are associated with levels of physical activity.128 The change in
triglycerides (0.15 mmol/l) observed in the Walking Away Plus study arm at 12 months has previously
been associated with a 2% reduction in the relative risk of CVD-related mortality.129

Although there was no evidence of changes in objectively assessed physical activity at 48 months,
there was an increase in self-reported energy expenditure of 4.4 (97.5% CI 0.0 to 8.8) kJ/kg/day. It has
previously been reported that each additional 1 kJ/kg/day per year increase in physical activity energy
expenditure (equivalent to the 4 kJ/kg/day increase seen in the Walking Away Plus study arm seen over
4 years) is associated with a 24% reduction in all-cause mortality, a 29% reduction in cardiovascular
disease mortality and an 11% reduction in cancer mortality.130 Although the objective measures of
physical activity suggest that overall physical activity volume was no different between the study arms
at 48 months, the context in which the activity occurred may have varied. Objective measures of
physical activity record all movement, including movement undertaken in incidental habitual activities,
such as household chores, shopping and walking between meetings at work. Self-reported questionnaires,
on the other hand, are more likely to capture purposeful physical activity that the individual has
cognitively assigned as physical activity, such as choosing to go for a walk. Therefore, participants in the
Walking Away Plus study arm may have engaged in greater amounts of structured physical activity. This
would be consistent with the findings that self-monitoring behaviours continued to be well adhered to
after 48 months in the Walking Away Plus study arm, with over three-quarters of participants reporting
that they set themselves physical activity goals and almost two-thirds reporting using a pedometer at
least some of the time. Nevertheless, the high levels of self-reported energy expenditure could also
be a result of response bias. The added health benefits of undertaking greater levels of self-reported
physical activity, without accompanying changes to objectively assessed physical activity, are, therefore,
uncertain and require further research.

To our knowledge, this is the first trial designed to assess the effectiveness of a pragmatic physical
activity intervention over 4 years in a population with prediabetes. However, the results are consistent
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with other recent pragmatic physical activity trials that were published after the commencement of
PROPELS (see Appendix 16, Table 74).

A previous evaluation of the standard Walking Away programme in those with risk factors for T2D
demonstrated an increase in ambulatory activity of 411 steps per day at 12 months, but with no
longer-term effects observed at 24 or 36 months.28 Similarly, the Let’s Prevent Programme, which
incorporated the key components of Walking Away into a broader lifestyle diabetes prevention
programme, demonstrated an increase in ambulatory activity of 552 steps per day in the intervention
study arm compared with the control study arm at 12 months, with an increase of 535 steps
maintained at 36 months.131 A clinician-led physical activity intervention in those with established T2D
reported similar findings to the Walking Away-based prevention studies, with a 6.8-minutes-per-day
increase in moderate to vigorous physical activity after 12 months, but with effects reducing to
3.6 minutes after 36 months. The PACE-UP pedometer intervention for inactive adults demonstrated
increases in ambulatory activity of between 600 and 700 steps per day over 36 months, but the effect
for ambulatory activity was not sustained when the intervention was evaluated in older adults aged
60–75 years over 48 months.132 The recently published EuroFit intervention, which employed a more
intensive intervention structure than Walking Away, reported a 678 steps/day increase in the intervention
study arm, relative to controls after 12 months in overweight and obese men.133 These studies are in
contrast to the earlier ProActive intervention, which found no effect after 12 months of a behavioural
intervention designed to increase physical activity in those with a family history of diabetes,134 while
the Early ACTID dietitian- and nurse-led physical activity and dietary intervention for those with T2D
reported a 5.6-minute increase in moderate or vigorous physical activity after 12 months relative to
standard care.135

This mounting evidence from trials evaluating pragmatic physical activity interventions with objective
measures of physical activity are also consistent with the wider diabetes prevention and management
literature. An earlier review of the seminal diabetes prevention programmes concluded that either no
or only small changes to physical activity were seen when the trials were evaluated using self-reported
physical activity. Even the highly intensive LookAHEAD lifestyle intervention for those with T2D, which
was designed to maximise behaviour change rather than to be implemented into routine care, reported
a difference of only 4 minutes per day in moderate to vigorous physical activity after 4 years in the
intervention study arm compared with the control arm, with no difference seen in the overall volume
of physical activity undertaken.136 Taken together, these results suggest that small, but nevertheless
clinically meaningful, increases in physical activity are possible at 12 months after receipt of a
behavioural intervention designed for inactive adults or those with metabolic dysfunction within
primary care, but that such changes may be difficult for individuals to sustain in the longer term.

The findings from the process measures and embedded qualitative study highlighted important themes
that help provide context for the difficulties in promoting sustained physical activity behaviour change.
Importantly, the results did not seem to be explained by intervention attendance or engagement with
behaviour change techniques. The majority (80%) of those randomised to Walking Away and Walking
Away Plus attended the initial group-education session, with 78% of those in the Walking Away Plus
arm also registering with the text messaging service. In addition, the interpretation of the results was
not affected by a per-protocol analysis, suggesting that engagement with all elements of the intervention
did not lead to substantially increased effectiveness. In addition, self-reported rate of engagement with the
key behaviour change techniques centred on pedometer use remained relatively high in the intervention
arms compared with the control arm, even after 48 months. However, our qualitative research highlighted
a key theme whereby major illnesses, injury or life events that occurred over the 4-year trial period in
this older population caused large reductions in physical activity levels and the ability to move around
freely, from which individuals found it hard to fully recover. This suggests that to be sustained, a focus
on rehabilitation from illness or injury could be considered in future physical activity programmes in
older populations with a high risk of chronic disease.
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As far as we are aware, no longer-term (i.e. longer than 2 years), objectively assessed, physical activity
interventions have incorporated mobile technology. A recent review of the literature137 in adults aged
≥ 50 years, reflective of the PROPELS population, identified 52 relevant physical activity, sedentary
behaviour or sleep studies that had employed mobile technology, of which text messaging was the
most common component. Among these studies, the largest sample size was 710 and the longest
follow-up duration was 12 months. The authors concluded that, although there was some evidence for
the effectiveness of mobile health interventions, higher-quality trials were needed. PROPELS suggests
that incorporating mobile health technologies into a low-resource, pragmatic, group-based behaviour
change intervention can moderately enhance the degree of behaviour change after the first 12 months,
but it may not help maintain behaviour change in the longer term. Successful behaviour change
maintenance has been suggested to require at least one sustained motivator.113 Whether or not the
greater short-term effectiveness in the Walking Away Plus study arm at 12 months helped to provide
this sustained motivation is not investigated by the current statistical analysis plan. Future post hoc
analysis using the PROPELS data will address these questions further.

Although the Walking Away programme was focused on physical activity, the programme did include a
short dietary component that was designed to introduce participants to broad dietary concepts, including
macronutrient composition and different types of fats. Participants in both study arms reported making
modest dietary changes by increasing fruit and vegetables intake at both 12 and 48 months and actively
trying to limit the amount of total and saturated fat consumed on more days of the week. In addition,
participants in the Walking Away study arm lost 1 kg in weight and reduced their waist circumference by
1.6 cm compared with those in the control arm at 48 months. Although sustained, these changes were
relatively modest, with smaller effects than interventions that are specifically aimed at long-term weight
loss.138 Although the impact of this degree of weight loss on mortality outcomes is uncertain,138 the
Diabetes Prevention Programme reported that each additional kilogram of weight loss was associated
with a 16% reduction in diabetes risk,139 suggesting that this degree of weight loss may have conferred
some cardiometabolic benefits to those in the Walking Away study arm. Indeed, there was evidence that
markers of liver function (ALT and ALP) were improved at 48 months in the Walking Away study arm,
which is consistent with previous research showing a strong effect of weight loss on markers of liver
function.140 Interestingly, no such changes were observed in the Walking Away Plus study arm, in which
markers of weight and adiposity were unchanged compared with control throughout the trial period.
In Walking Away Plus, the mHealth follow-on support was specifically focused on physical activity only,
which may have acted to deflect a focus on diet.

The real-world costs of delivering Walking Away and Walking Away Plus were estimated as £257 and
£322 per person, respectively. The probabilistic lifetime costs of Walking Away and Walking Away Plus
(£22,945 and £23,018, respectively) remained higher than those for standard care (£22,598). Lifetime
cost-effectiveness modelling suggested that standard care had the highest probability of being cost-
effective below a willingness-to-pay threshold of £20,000 per QALY. It was further estimated that, to
reach a threshold of £20,000 per QALY, the Walking Away Plus study arm would have to be delivered
at a maximum cost of £116 per person. However, there was a high level of uncertainty in these estimates,
with the total value to the UK of research to eliminate all uncertainty estimated at £279,559,484.
Few other studies have conducted lifetime cost-effectiveness modelling for behavioural interventions.
A study141 of brief behavioural interventions suggested that those that incorporated pedometer use,
although not cost saving overall, did have a high probability of being cost-effective at a threshold of
£20,000 per QALY. However, consistent with our study, the value of eliminating uncertainty was
estimated at £1.85B.141 The PACE-UP study142 found that simply sending pedometers with accompanying
motivational material by post was likely to be cost saving over a lifetime.

At the other end of the spectrum, intensive lifestyle interventions for diabetes prevention have also
been reported to have a high probability of being cost saving.143 It is likely that our results differ from
these results for three key reasons. First, the only clinical effect of Walking Away Plus was on step
count and triglycerides, without associated changes in other variables (e.g. HbA1c and weight), which
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were included in the brief interventions study.141 Second, the PROPELS study showed that the effect
of Walking Away Plus on physical activity had diminished by 4 years post intervention, so a constant
improvement in physical activity was not included in our modelling. Third, the observed data from
the PROPELS study suggested that the incidence of diabetes diagnoses was higher, but statistically
insignificant, in the Walking Away and Walking Away Plus arms. The relationship between step count
and diabetes diagnoses is in the opposite direction of those used the other analyses.141,142 The
inconsistent finding and the high value of eliminating future uncertainly for the cost-effectiveness
of physical activity intervention suggest that further research is needed to inform commissioning
decisions, especially around any assumed surrogate relationships based on change in physical activity
alone and on the duration of effect of any clinical benefit. The within-trial analysis results mirrored
these findings (see Appendix 14, Table 70). Although the ICER for Walking Away was estimated at
£9639, which is largely consistent with previous group-based interventions for those with or at high
risk of diabetes,25,144 there was a high level of uncertainty associated with it, whereas all study
conditions had a near equal chance of being cost-effective at a threshold of £20,000 per QALY.

The PROPELS trial has notable strengths and limitations. Its strengths include a population that was
predominantly recruited from primary care and had coded HbA1c or glucose values in the prediabetes
range, making the population reflective of those referred to currently available diabetes prevention
programmes. The large, diverse multiethnic population recruited from urban and rural locations with
large variations in social deprivation is also reflective of the modern UK. Indeed, the distribution of
material deprivation within our sample almost exactly mirrored the national average, with an equal
spread of individuals across nationally defined deprivation quintiles. To the best of our knowledge,
PROPELS is also the largest and longest-running physical activity or lifestyle intervention in those with
prediabetes that has been evaluated using an objective measure of physical activity.

These strengths also come with potential limitations. The length and the nature (RCT) of the trial may
have acted to discourage some from taking part, thereby limiting the generalisability of the sample.
For example, the relatively high levels of ambulatory activity and physical activity self-efficacy at
baseline may have limited the effectiveness of the intervention in promoting further behaviour change.
It is also of note that only around 40% of participants were confirmed to have prediabetes based on
HbA1c values at baseline. It has previously been shown that there are high levels of regression to
normal glycaemia between paired HbA1c tests when the first is within the prediabetes range,145 with
a recommendation that two HbA1c tests are needed to confirm prediabetes status. Along with the
possibility of regression to normoglycaemia between measurement and inclusion, it is possible that
this relatively small number of participants with prediabetes based on HbA1c was because inclusion
was based not only on previous HbA1c values, but also on post-challenge and fasting glucose levels.
This is important as it has been shown that HbA1c, fasting glucose and post-challenge values identify
discordant high-risk populations.145,146 However, the fact that only HbA1c was measured within this
trial and that participants were informed of their HbA1c status may have influenced the trial results.
For example, for individuals whose HbA1c was found to be within normal ranges, this information may
have acted to de-emphasise their need for behaviour change. However, the sensitivity analysis for
the primary outcome did not find that results were modified by baseline HbA1c prediabetes status,
suggesting that similar levels of behaviour change at follow-up were observed in those with and those
without prediabetes at baseline. Furthermore, the strategy for HbA1c assessment within this study
is consistent with that specified in Healthier You, the NHS Diabetes Prevention Programme, in which
the HbA1c assessment has to be repeated by the provider if the original referral value is older than
3 months.147 However, a normal value on the repeat test is not an exclusion criterion and such
individuals are still accepted on the programme.

Nevertheless, the degree of engagement with interventions in this study (52% and 62% compliance
with the per-protocol definition of the Walking Away Plus and Walking Away interventions,
respectively) is consistent with previous implementation studies. For example, in the DEPLOY study148

conducted in the USA, participants attended 57% of available sessions, and in Finland 56% of
individuals reported attending all group-based sessions in the GOAL Implementation Trial.149
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Although using objective measures of physical activity risks biasing the results as a result of the
Hawthorn effect (measurement reactivity) and poor compliance, recent evidence has suggested that
the Hawthorn effect is likely to be minimal in adults for moderate or vigorous physical activity.150

In addition, the randomised design makes the results more robust, given that the Hawthorne effect by
itself would not be enough to bias results for change; rather, a further assumption would be needed,
namely that the Hawthorne effect differed across randomised study arms.

At 48 months, 993 (73%) participants in the sample had valid accelerometer data, which is consistent with
other well-conducted RCTs over the longer term (see Appendix 16, Table 74). For example, the PACE-UP
study, which recruited 1023 inactive adults from primary care, reported 67% compliance with the primary
outcome, namely objectively assessed physical activity, after 36 months.132 Given that participants in
PROPELS were followed up only at 12 and 48 months, the trajectory of change between these time points
was not evaluated, making it unclear whether or not the clinically meaningful change in the Walking
Away Plus study arm was maintained beyond 12 months. Given that a specific aim of the trial was to
explore how best to promote physical activity in South Asian communities, it was disappointing that there
was not greater participation by South Asian individuals in the focus groups investigating the uptake and
experience of the mHealth intervention. Finally, the rapid and continuing evolution of potential mHealth
technologies and the changing landscape in terms of their take-up by the general public complicated the
task of selecting the optimal technology for our purposes. Smartphone use became increasingly common
during the study; when PROPELS was in development, smartphone ownership was lower. Moreover, access
to communications technologies is not distributed equally: lower income households and over 54s continue
to be less likely to have smartphones, laptops and tablets. Only mobile telephones and televisions have
near-universal reach in the UK (96% of households). This suggested that interventions integrating SMS text
messaging technology would have the greatest potential for maximal reach. However, this will change over
time and other technologies will need to be considered in the future.

Conclusions

In conclusion, the PROPELS study demonstrated that combining a pragmatic physical activity intervention
with text messaging and telephone support can result in modest, but clinically meaningful, changes to
ambulatory activity over 12 months, but that such changes were not maintained at 48 months.

The economic evaluation showed that a pragmatic intervention for promoting physical activity to those
at risk of T2D was not cost-effective and did not lead to longer-term behaviour change, even when
combined with mHealth technology.

Implications for decision-makers

One interpretation of the findings from the PROPELS study suggests that individual-level approaches
to physical activity behaviour change may not be effective over the longer term, however good the
intervention. It is possible that, in the long term, the environmental drivers of inactivity will always
triumph over efforts to address individual motivation unless these are integrated with wider systems-
level interventions and policies that target the wider built environment and policies that help make
physical activity more accessible, enjoyable and safe.

However, given that the population in this trial was already physical active, which may have limited
generalisability to those referred to diabetes prevention programmes within routine care, these
findings do not in and of themselves constitute sufficient evidence to support a change in direction
for diabetes prevention policy in England or elsewhere. Rather, they support the need for routinely
delivered diabetes prevention to be subject to rigorous ongoing evaluation, and for policies to be
revised if they are found to have limited longer-term benefits.
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Recommendations for future research

Further research is needed to:

l Investigate which methods for maintaining physical activity behaviour change are effective over
the long term in different ethnic populations. This includes investigating which intervention types,
components and features – such as behaviour change techniques, real-time support and
environmental change – can help maintain physical activity behaviour change and are cost-effective
over the longer term and whether or not different solutions are needed for different populations or
ethnic groups.

l Evaluate the long-term effectiveness and cost-effectiveness of routinely delivered national diabetes
prevention programmes. Given the results of the PROPELS programme, it is important that research
frameworks are wrapped around routinely delivered diabetes prevention programmes to determine
their effectiveness and cost-effectiveness over the longer term.

l Test a stepped prevention programme of initial lifestyle intervention before offering pharmacological
interventions (e.g. metformin) to those who do not adhere to or are unable to take up lifestyle
interventions.

l The PROPELS trial demonstrated that up to half of individuals offered a pragmatic behavioural
physical activity intervention will not adhere to all elements, with around 20% not attending even
the first educational session. This indicates a need to investigate whether or not offering alternative
pharmacological therapies to those who cannot or do not want to engage with lifestyle interventions
is effective or cost-effective compared with no intervention or either intervention alone.

l Explore the importance of risk status and risk communication to behaviour change. This includes
investigating how feeding back biochemical data in the normal ranges influences participants’
perception of their own risk, and whether or not this discourages behaviour change.

l Illuminate the importance of integrating rehabilitation from illness or injury as a core intervention
component to sustain long-term physical activity behaviour change.

The findings from this qualitative research aspects of this study suggest that future interventions
should consider integrating rehabilitation from illness or injury as a core intervention component in
order that initial behaviour change success is more resilient to derailment by injury or illnesses and so
is better sustained over time.
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Patient data

This work uses data provided by patients and collected by the NHS as part of their care and support.
Using patient data is vital to improve health and care for everyone. There is huge potential to
make better use of information from people’s patient records, to understand more about disease,
develop new treatments, monitor safety, and plan NHS services. Patient data should be kept safe
and secure, to protect everyone’s privacy, and it’s important that there are safeguards to make
sure that it is stored and used responsibly. Everyone should be able to find out about how patient
data is used. #datasaveslives You can find out more about the background to this citation here:
https://understandingpatientdata.org.uk/data-citation.
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Appendix 1 Statistical analysis plan

Table 26 SAP revision history

Date Version Jus�fica�on for SAP version 
2 May 2019 1 First dra� for review
17 May 2019 2 Incorpora�ng comments from Thomas Yates and Laura 

Gray
23 May 2019 2.1 Incorpora�ng further clarifica�ons from Thomas Yates 
17 June 2019 3 Incorpora�ng comments from TC on 14 June 2019, in

par�cular from Simon Griffin 
1 July 2019 4 Adding informa�on from Thomas Yates to resolve 

dispari�es with the protocol paper and describe any 
devia�ons from this paper.

16 September 2019 5 - FINAL Incorpora�ng comments from Richard Morris (DMC).

Table 27 SAP responsibili�es 

Role in SAP 

development

Name, affilia�on Role in trial 

SAP author Stephen Sharp, University of Cambridge Study sta�s�cian

SAP reviewer 1 Thomas Yates, University of Leicester Study Co-Inves�gator 

SAP reviewer 2 Laura Gray, University of Leicester Study Co-Inves�gator 

SAP reviewer 3 Simon Griffin, University of Cambridge Study Co-Inves�gator 

SAP reviewer 4 Kamlesh Khun�, University of Leicester Study Principal Inves�gator 

SAP reviewer 5 Richard Morris DMC Chair 

Table 28 SAP signatures 

Role Name, affilia�on Date Signature 
Trial PI Kamlesh Khun�, 

University of Leicester 
SAP 
author

Stephen Sharp, 
University of Cambridge 

16 Sep 2019

1 Introduction

1.1 Trial background and rationale

The preven�on of type 2 diabetes is recognised as a health care priority. Lifestyle change has proven

effec�ve at reducing the risk of type 2 diabetes, but limita�ons in the current evidence have been 

iden�fied in: the promo�on of physical ac�vity; availability of interven�ons that are suitable for 

commissioning and implementa�on; availability of evidence-based interven�ons using new
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inves�gate whether a structured educa�on programme with differing levels of ongoing support,

including text-messaging, can increase physical ac�vity over a 4 year period in a mul�-ethnic popula�on

at high risk of diabetes.

1.2 Trial objectives/hypotheses 

To inves�gate whether an interven�on to support physical ac�vity change and maintenance, 

offered to an ethnically diverse popula�on with prediabetes, can lead to sustained increases in

physical ac�vity over four years.

To inves�gate the effec�veness of the interven�on when delivered at two levels of intensity, 

with and without follow-on support that enhances self-monitoring with pedometers through 

tailored text-messaging and telephone calls.

To inves�gate the effect of the interven�on within White Europeans and South Asians sub-

groups.

2 Methods

2.1 Trial design

The trial is a 2-centre parallel group randomised controlled trial, in which par�cipants are randomised 

(1:1:1) to either a control study arm, a Walking Away study arm, or a Walking Away Plus study arm. 

Participants are followed up for 48 months, with an intermediate assessment a�er 12 months. 

2.2 Randomisation

Randomisa�on is stra�fied by centre (Leicester/Cambridge), sex (men/women) and ethnicity (White

European/South Asian/Other).  Individuals recruited in the same household were randomised to the 

same group.

2.3 Sample size 

The aim was to recruit 436 individuals per group (total 1308).  Details of the sample size calcula�on are 

provided in Yates 2015.

2.4 Framework 

This is a superiority trial.  Each of the 2 interven�on groups (Walking Away and Walking Away Plus) will

separately be compared to the control study arm.

2.5 Interim analyses and stopping guidance

A planned interim analysis was performed for an independent Data Monitoring and Ethics Commi�ee

(DMEC); results were not disseminated more widely. 

2.6 Timing of final analysis

Analyses described in this SAP will be performed following comple�on of the trial and database lock. 

technologies; and physical ac�vity promo�on among ethnic minori�es.  The aim of the trial was to
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2.7 Timing of outcome assessments 

Outcomes are assessed at 48 months, with an intermediate assessment at 12 months. 

3 Statistical principles 

3.1 Con�idence intervals and p-values 

Since there are 2 primary comparisons (each interven�on group vs control), the es�mates of effect will 

be reported with 97.5% confidence intervals, for both primary and secondary outcomes. 

3.2 Adherence and protocol deviations 

Adherence to the interven�on will be summarised as follows: 

Walking Away (WA) group – number (%) attending ini�al educa�on AND at least 1 follow-up annual 

support session. 

Walking Away Plus group – number (%) attending ini�al educa�on AND at least 1 follow-up annual 

support session AND registered with the text service AND received the ini�al telephone calls AND 

received at least 1 telephone call during the trial. 

The number (%) of individuals fulfilling each of the separate criteria defined above will also be reported, 

along with the number of step count text messages sent and the number asking for the test messaging 

service to be stopped. 

3.3 Analysis populations 

The primary analyses will use a modified Inten�on-to-Treat (ITT) popula�on, in which individuals are 

included in the group to which they were randomised, although individuals with missing outcome data 

at follow-up will be excluded. 

A secondary analysis of the primary outcome will be performed using two approaches: (1) an ITT 

approach, but where missing outcome data are replaced using mul�ple imputa�on (see sec�on 5.2.2 for 

further details), (2) a Per-Protocol (PP) popula�on, comprising the following: 

Control – all individuals. 

Walking Away – a�ended ini�al educa�on AND at least 1 follow-up annual support session. 

Walking Away Plus – a�ended ini�al educa�on AND at least 1 follow-up annual support session AND 

registered with the text service AND received the ini�al telephone calls AND received at least 1 

telephone call during the trial. 
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4 Trial population 

4.1 Screening data 

No screening data were collected. 

4.2 Eligibility criteria 

Eligibility criteria are described in Yates 2015. 

4.3 Recruitment 

The numbers of individuals invited and recruited from primary care and from exis�ng databases will be 

reported in the CONSORT diagram. 

4.4 Withdrawal/loss to follow-up 

The number (%) of individuals with missing data for the primary outcome (ambulatory ac�vity) and all 

specified secondary outcomes at baseline, 12 and 48 months will be reported by randomised group. 

4.5 Baseline characteristics 

The following baseline characteris�cs will be summarised by randomised group, using mean and 

standard devia�on (SD) for con�nuous variables with reasonably symmetric distribu�ons, median and 

interquartile range (IQR) for con�nuous variables with skewed distribu�ons, and number and 

percentage for binary or categorical variables. 

 Age (yrs). 

 Sex (men/women) 

 Ethnicity (White European/South Asian/Other). 

 Family history of diabetes in first degree rela�ves (yes/no). 

 CVD (MI, heart failure, angina, stroke). 

 Medica�on type (an�hypertensive, lipid lowering, steroid, me�ormin). 

 Social depriva�on (IMD score). 

 Smoking status (current, past, never). 

 Employment type (FT employment, PT employment, unemployed, re�red, other). 

 Educa�on (highest qualifica�on: none; GCSE or equivalent; A-level or equivalent; degree, higher 

degree or equivalent). 

 Marital status (married/civil partner, other). 

 Access to the internet (yes/no). 

 Height (m). 

Baseline values of outcome variables will be summarised alongside the results at 12 and 48 months, as 

described in sec�on 5.2.2. 
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5 Analysis 

5.1 Outcomes 

5.1.1 Primary outcome 

The primary outcome is change in ambulatory ac�vity (steps/day) between baseline and 48 months, 

assessed by accelerometer (Ac�graph GT3X+).  Accelera�on data are captured and stored at 100 Hz.  

Data processing will be undertaken on a commercially available analysis tool (KineSoft).  Data will be 

integrated into 60 second epochs.  At least 3 valid days of wear will be required, with a valid day defined 

as at least 10 hours of wear. Non-wear �me will be determined by 1 hour or more of consecu�ve zero 

counts. 

5.1.2 Secondary outcomes 

Deviation from the published protocol  

Secondary outcomes are consistent with those reported in the protocol paper (Yates et al. Trials 2015), 

with the excep�on of: 

 The Neighbourhood Environment Walkability Survey (NEWS) ques�onnaire is not considered an 

outcome, as the interven�on will not change the environment, and will not be reported as such. 

 Health resources will not be reported in the main outcomes paper, but will be used in a 

separate health economics paper. 

 Bio-impedance derived measures of body composi�on have been added to the anthropometric 

outcomes. 

 The number reporting development of musculoskeletal injury that prevents physical ac�vity 

from baseline to follow-up has been classified as a safety outcome (detailed below). 

Reported secondary outcomes  

Change in ambulatory ac�vity (steps/day) between baseline and 12 months will be a secondary 

outcome. 

Change in the following con�nuous variables between baseline and 12 months, and between baseline 

and 48 months, will be secondary outcomes: 

Assessed by accelerometer: 

 Number of censored steps/day (i.e. steps taken above an intensity used to dis�nguish 

between purposeful and incidental ambula�on). 

 Time spent sedentary (mins). 

 Time spent in light physical ac�vity (mins). 

 Time spent in moderate-to-vigorous physical ac�vity (mins). 
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Compliance with recommenda�on to undertake at least 21.4 minutes/day (150 mins/week)

of moderate-to-vigorous intensity physical ac�vity in bouts of at least 10 minutes.

Compliance with recommenda�on to undertake at least 21.4 minutes/day (150 mins/week)

of moderate-to-vigorous intensity physical ac�vity without bout restric�on. 

Assessed by ac�vPAL3:

Time spent si�ing or lying down (mins). 

Time spent standing (mins). 

Time spent walking (mins). 

Assessed by Recent Physical Ac�vity Ques�onnaire (RPAQ): 

Overall physical ac�vity expenditure (kJ/day). 

Time sedentary (mins), in light (mins), moderate-to-vigorous (mins) intensity physical ac�vity. 

Main biochemistry outcomes:

HbA1c (mmol/mol).

HbA1c (%).

Total cholesterol (mmol/l). 

HDL cholesterol (mmol/l).

LDL cholesterol (mmol/l).

Triglycerides (mmol/l). 

Vitamin D (nmol/l). 

Other biochemistry outcomes:

Sodium (mmol/l). 

Potassium (mmol/l).

Urea (mmol/l).

Es�mated glomerular filtra�on rate (eGFR; ml/min/1.73m2). 

Total bilirubin (umol/l). 

Alkaline phosphatase (IU/l). 

Alanine transaminase (IU/l). 

GGT (IU/l). 

Urine albumin crea�nine ra�o (mg/mmol).

Cardiovascular risk: 

Modelled cardiovascular risk based on the Framingham risk equa�on (D’Agos�no 2008) (%).

Anthropometry:

Weight (kg). 

BMI (kg/m2).
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Waist circumference (cm). 

Body fat percentage (%).

Fat mass (kg). 

Fat free mass (kg). 

Depression and anxiety:

Depression score.

Anxiety score.

Diet: 

Frequency (por�ons/week) of fresh fruit, green leafy vegetables, other vegetables, oily fish, 

other fish, chicken, meat, eggs, cheese, wholemeal/brown bread. 

Alcohol: Frequency (drinks/day). 

Number of days/week on which individual reported limiting total fat intake.

Number of days/week on which individual reported limiting saturated fat intake.

Number of days/week on which individual reported limiting sugar intake.

Number of days/week on which individual reported limiting salt intake.

Sleep: 

Time spent asleep last night (hrs).

Average sleep dura�on (hrs/night). 

Health related quality of life:

Summary mental and physical component scores from SF-8.

Summary index from EQ-5D-5L.

Self-related health based on the Visual Analogue Scale ques�onnaire.

Diabetes (yes/no) at 12 months and 48 months will be secondary outcomes.

5.1.3 Intermediate outcomes

Change in theore�cal behavioural constructs hypothesised to be determinants of behaviour change will

be considered “intermediate outcomes” and assessed between baseline and 12 months, and between

baseline and 48 months.  Intermediate outcomes are defined below. 

Walking self-efficacy 

Confidence (0-100%) to walk for a short (10 minutes), moderate (30 minutes) and long 

(60 minutes) dura�on each day.

Illness percep�on

Scores (0-10) for each item of the illness percep�on ques�onnaire:
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1. How much does your risk of diabetes affect your life? 

2. How long do you think your risk of diabetes will continue? 

3. How much control do you feel you have over your risk of diabetes?

4. How much do you think treatment can help your risk of diabetes?

5. How much do you experience symptoms from your risk of diabetes?

6. How concerned are you about your risk of diabetes?

7. How well do you feel you understand your risk of diabetes?

8. How much does your risk of diabetes affect you emotionally? (e.g. does it make you angry, 

scared, upset or depressed?)

Self-regulation 

Categorical responses (most of the time, some of the time, rarely, never) for self-regulation 

items (assessed at 12 and 48 month follow-up only):

1. Set yourself regular goals detailing the amount of exercise you would do each day.

2. Regularly set yourself a plan detailing where, when and how you would exercise. 

3. Worn a pedometer.

4. Kept an exercise log recording your activity levels. 

5. Been aware of your activity levels. 

6. Tried to exercise regularly.

5.2 Analysis methods 

5.2.1 Deviations from the published protocol

A brief analysis plan was reported in the published protocol (Yates et al. Trials 2015). The analysis plan

described below is intended to supersede the published protocol. In particular, a more comprehensive 

definition of those included in the per-protocol analysis has been provided, along with greater detail on

the sub-group analysis, missing data and the reporting of diabetes incidence.

5.2.2 Analysis of continuous outcomes (primary and secondary)

The mean and SD of ambulatory activity will be calculated at baseline, 12 months and 48 months, by 

randomised group.

For the primary outcome, estimates, 97.5% confidence intervals and p-values for the comparison of

each intervention arm with the control arm up will be derived from a linear regression model with

ambulatory activity at 48 months as the outcome, and including 2 indicator variables for randomised 

group (Walking Away vs Control, Walking Away Plus vs Control), wear time at baseline, wear time at 

48 months, number of valid days at baseline, number of valid days at 48 months, the 3 randomisation 

stratification variables (centre, ethnicity, sex), and ambulatory activity at baseline as covariates.
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By adjusting for baseline, this is an analysis of covariance (ANCOVA) model.  Individuals with missing  

ambulatory activity data at baseline will be included in the analysis using the missing indicator method

(White 2005).  To account for potential clustering between individuals within the same household, 

robust standard errors will be calculated using the “cluster” option in Stata.

Secondary outcomes that are changes in continuous variables between baseline and either 12 or 

48 months will be analysed using the same method, but without adjustment for wear time and number 

of valid days, except for outcomes based on accelerometer data. Distributions of each outcome variable

(i.e. the change from baseline to either 12 or 48 months) will be inspected, and any outcomes whose 

distribution is skewed will either be log transformed prior to analysis, or an alternative generalised 

linear model (e.g. using a gamma distribution) may be considered.

5.2.3 Analysis of binary outcomes (secondary) 

The odds of compliance with MVPA recommendations at 12 and 48 months will be analysed using 

logistic regression, including 2 indicator variables for randomised group (Walking Away vs Control,

Walking Away Plus vs Control), the 3 randomisation stratification variables (centre, ethnicity, sex), and

compliance with MVPA recommendations at baseline as covariates, with robust standard errors

calculated as described above. 

The odds of diabetes at 12 and 48 months (HbA1c ≥ 6.5% [48 mmol/mol] or doctor diagnosed) will be 

analysed using logistic regression, including two indicator variables for randomised group (Walking

Away vs Control, Walking Away Plus vs Control) and the three randomisation stratification variables 

(centre, ethnicity, sex) as covariates, with robust standard errors calculated as described above. Those 

diagnosed with diabetes, but with an HbA1c value subsequently recorded in the non-diabetes range will

still be classified as having diabetes.

A cross-tabulation of diabetes status at baseline (normal glycemia, prediabetes, diabetes) and at 12 and

48 months will be presented separately by randomised group.

5.2.4 Analysis of intermediate outcomes 

For the walking self-efficacy and illness perception outcomes, the mean and SD will be calculated at

baseline, 12 months and 48 months, by randomised group.

For the self-regulation outcomes, the number (%) of individuals within each category (most of the time, 

some of the time, rarely, never) will be presented at 12 months and 48 months, by randomised group.

No statistical comparisons between randomised groups will be performed for these outcomes.

DOI: 10.3310/hta25770 Health Technology Assessment 2021 Vol. 25 No. 77

Copyright © 2021 Khunti et al. This work was produced by Khunti et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

111



5.2.5 Missing data 

All con�nuous outcomes: missing baseline values 

For con�nuous outcomes, participants with a missing baseline value of the variable, but with a value at 

the relevant follow-up �me (12 or 48 months), will be included in the analysis using the missing 

indicator method, which is a valid method for pre-randomisa�on measures in trials (White 2005), 

ensuring that no further participants are excluded while maintaining the advantage of improved 

precision.  In the analysis of accelerometer outcomes, the method will also be used for wear �me and 

number of valid days, which are part of the outcome defini�on. 

All con�nuous outcomes: missing follow-up data 

For all outcomes, participants with missing data at the relevant follow-up �me (12 or 48 months) will be 

excluded from the analysis.  This “complete-case analysis” is valid under the assump�on that the 

outcome is missing at random (MAR), condi�onal on randomised group, baseline value and other 

covariates in the model. 

Key characteris�cs of par�cipants at baseline (age, sex, ethnicity, family history of diabetes, HbA1c, BMI, 

smoking status, IMD score) will be summarised in those with and without data for ambulatory ac�vity at 

48 months. 

Primary outcome: further analyses 

A secondary analysis of the primary outcome, also assuming that the data are MAR, will be performed 

using mul�ple imputa�on by chained equa�ons, with 10 imputed datasets.  The imputa�on model will 

include all the covariates and outcome from the analysis model, as well as age, family history of 

diabetes, HbA1c, BMI, smoking status and IMD score. 

If ambulatory ac�vity data at 48 months are missing for more than 5% of par�cipants, a further 

sensi�vity analysis on the primary outcome will be performed to inves�gate the poten�al impact of 

plausible departures from MAR on the es�mated interven�on effect.  The approach described in White 

2012 will be used, which is based on jointly modelling the data and the missingness using a pa�ern 

mixture model.  A parameter δ is defined which represents the difference between the mean of the 

observed outcome and the mean of the unobserved values.  Under the MAR assump�on, δ=0.  The 

impact on the interven�on effect of varying δ in one or both of the treatment groups will be displayed 

graphically. 
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5.2.6 Subgroup analyses for primary outcome

For the primary outcome only, interac�ons between randomised group and (1) sex (men/women), 

(2) age (<60 years/≥60 years), (3) ethnicity (White European/South Asian/Other), (4) family history of 

T2D (yes/no), (5) prediabetes at baseline (yes/no), (6) baseline obesity status (<30kg/m2 [27.5 kg/m2 for

South Asians], ≥30kg/m2 [27.5 kg/m2 for South Asians]), and (7) baseline depriva�on (split at median

IMD score into high vs low) will be tested by including the relevant interac�on parameters in the 

analysis model and performing an F-test of the null hypothesis that these parameters are 0 (i.e. no

interac�on). 

If the p-value for any of the interac�ons tested above is <0.05, then es�mates and 97.5% confidence 

intervals of the 2 interven�on effects (Walking Away vs Control, Walking Away Plus vs Control) on the 

primary outcome will be reported within the relevant subgroups, based on fi
ng the linear regression 

model described in sec�on 5.2.1 within each subgroup.  For example, if the p-value for the randomised 

group x sex interac�on is <0.05, then the primary outcome results will be presented separately within

men and women.

If the p-value for the randomised group x ethnicity interac�on is <0.05, then the secondary outcomes 

described in sec�on 5.1 will also be analysed separately within each ethnic group.

5.2.7 Other analyses

For the primary outcome only, if the p-value for either of the 2 interven�on effects is <0.025, the effect

of Walking Away Plus vs Walking Away and 97.5% confidence interval will also be es�mated using the 

same linear regression model described in sec�on 5.2.2.

5.2.8 Multiplicity

Since there are 2 primary comparisons, 97.5% (rather than 95%) confidence intervals will be reported.

No formal correc�ons will be made to account for the large number of secondary outcomes and 

comparisons that will be presented.  However, p-values for secondary outcomes will not be reported, 

and interpreta�on of the effects and confidence intervals will be made with cau�on, recognising the 

poten�al for chance findings among the multiplicity of outcomes and comparisons.

5.3 Safety data

The number (%) of individuals experiencing either an adverse event or a serious adverse event will be

summarised by randomised group.

The number (%) of individuals reporting development of musculoskeletal injury that prevents physical

ac�vity between baseline and 48 months will be summarised by randomised group.
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5.4 Statistical software 

Analyses will be performed using Stata version 15.1 (StataCorp 2017). 
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Appendix 2 Site-specific participant flow

12-month follow-up

Attended (n = 253; 83.0%)

12-month follow-up

Attended (n = 213; 71.2%)

12-month follow-up

Attended (n = 214; 69.9%)

48-month follow-up

• Attended, n = 250 (82.0%)
• Primary outcome, n = 247 (80.9%)
• Data collected from GPs, n = 34
    (11.1%)

48-month follow-up

• Attended, n = 194 (65.0%)
• Primary outcome, n = 200 (66.9%)
• Data collected from GPs, n = 62
    (20.7%)

48-month follow-up

• Attended, n = 200 (65.4%)
• Primary outcome, n = 204 (66.7%)
• Data collected from GPs, n = 65
    (21.2%)

Randomised
(n = 910)

Control
(n = 305)

Walking Away
(n = 298)

Walking Away Plus
(n = 306)

Withdrawals
• Moved, n = 1
• Did not attend
    12-month
    follow-up, n = 51

Withdrawals
• Moved, n = 4
• RIP, n = 3
• Did not attend
    12-month
    follow-up, n = 78

Withdrawals
• Moved, n = 4
• RIP, n = 5
• Did not attend
    12-month
    follow-up, n = 83

Withdrawals
• Moved, n = 4
• RIP, n = 2
• Did not attend
    48-month
    follow-up, n = 49

Withdrawals
• Moved, n = 7
• RIP, n = 10
• Did not attend
    48-month
    follow-up, n = 88

Withdrawals
• Moved, n = 9
• RIP, n = 7
• Did not attend
    48-month
    follow-up, n = 90

FIGURE 20 Participant flow at the Leicester site. Reproduced with permission from Khunti et al.110 This article is licensed
under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons
Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data. The figure includes minor additions and formatting
changes to the original figure.
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12-month follow-up

Attended (n = 134; 86.5%)

12-month follow-up

Attended (n = 123; 81.5%)

12-month follow-up

Attended (n = 125; 83.33%)

48-month follow-up

• Attended, n = 123 (79.4%)
• Primary outcome, n = 126 (81.3%)
• Data collected from GPs, n = 10
    (6.5%)

48-month follow-up

• Attended, n = 104 (68.9%)
• Attended + postal AG data,
    n = 103 (68.2%)
• Data collected from GPs, n = 10
    (6.6%)

48-month follow-up

• Attended, n = 114 (76.0%)
• Primary outcome, n = 113 (75.3%)
• Data collected from GPs, n = 16
    (10.7%)

Randomised
(n = 456)

Control
(n = 155)

Walking Away
(n = 151)

Walking Away Plus
(n = 150)

Withdrawals
• Died, n = 1
• Did not attend
    12-month
    follow-up, n = 20

Withdrawals
• Moved, n = 1
• Did not attend
    12-month
    follow-up, n = 27

Withdrawals
• Did not attend
    12-month
    follow-up, n = 25

Withdrawals
• Moved, n = 1
• Died, n = 3
• Did not attend
    48-month
    follow-up, n = 28

Withdrawals
• Moved, n = 4
• Did not attend
    48-month
    follow-up, n = 43

Withdrawals
• Moved, n = 1
• Did not attend
    48-month
    follow-up, n = 35

FIGURE 21 Participant flow at the Cambridge site.
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Appendix 3 Summary of PROPELS
substantial amendments

Amendment
number Date of approval Details of amendment

1 26 March 2013 l Removal of option to have MRI scan (lack of funding)
l Small changes to wording in documents used in pilot work

2 8 August 2013 l Extension of length of pilot development work

3 26 September 2013 l Ability to speak English and access to mobile telephone added to
inclusion criteria

l Individuals from same household randomised to same arm
l Addition of activPAL to secondary outcomes
l OGTT no longer used as diagnosis of T2DM. Test to be carried out

in Leicester and samples stored for analysis after the study
l DINE questionnaire replaced with new dietary questions
l NEWS questionnaire added
l Various changes to documents, mainly because interpreters and

translation will no longer be used

4 10 December 2013 l Additional site – Cambridge University Hospital Trust to analyse bloods
collected at MRC Epidemiology site

5 26 March 2014 l New document given to participants explaining how to wear
activity monitors

6 20 June 2014 l Reword PIS from ‘at high risk’ to ‘at greater risk’ of developing T2DM –

some participants were alarmed
l Removal of questions about impact of being at increased risk removed

from baseline questionnaire

7 18 December 2014 l Development of qualitative substudy (to include observation
of courses)

8 10 March 2015 l Newsletter to participants when recruitment target reached
(to motivate attendance at follow-up sessions)

l Withdrawal letter to GP

9 9 December 2015 l Interviews and focus groups with educators
l Long-term follow-up – linkage to HSCIC data
l Permission to contact withdrawals in intervention arms to confirm they

do not want to attend 48 months’ follow-up (i.e. identify full withdrawal
from withdrawal from intervention)

10 28 March 2016 l Rewording of statement concerning storage of frozen samples

11 11 August 2016 l Changes to statistical analysis plans (as suggested by DMEC)
l Newsletter to be sent to participant to promote retention

12 14 June 2017 l Clarification of what is and is not a SAE (suggested by TSC and DMEC)

13 25 October 2017 l Financially incentivise participants to attend final follow-up clinic
at 48 months (supported by TSC, DMEC and NIHR Health
Technology Assessment)

l Various accompanying documents approved

14 8 January 2019 l Changes to qualitative substudy – delay from 12 months to 48 months,
include options of telephone interview and focus groups, control group
no longer interviewed

l Various accompanying documents submitted for approval
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Appendix 4 Participants with and without
primary outcome data

TABLE 29 Control study arm participants with and without primary outcome data

Complete data (N= 373) Missing data (N= 87)

Age (years), n; mean (SD) 373; 59.3 (8.7) 87; 59.7 (9.1)

BMI (kg/m2), n; mean (SD) 373; 29.3 (5.9) 87; 29.6 (5.1)

Social deprivation (IMD decile) 373; 5.5 (2.8) 86; 5.5 (3.0)

Sex, % (n)

Men 52.8 (197) 42.5 (37)

Women 47.2 (176) 57.5 (50)

Ethnicity, % (n)

White European 70.2 (262) 74.7 (65)

South Asian 23.1 (86) 19.5 (17)

Other 6.7 (25) 5.7 (5)

Family history of diabetes in first-degree relatives, % (n/N) 43.2 (160/370) 43.7 (38/87)

Prediabetes, % (n/N) 37.2 (138/371) 39.1 (34/87)

Antihypertensive medication, % (n/N) 42.5 (154/362) 29.4 (15/51)

Lipid lowering medication, % (n/N) 35.6 (129/362) 29.4 (15/51)

Steroids, % (n) 5.9 (22) 13.8 (12)

Metformin, % (n) 0.0 (0) 0.0 (0)

CVD (MI, heart failure, angina, stroke), % (n/N) 7.9 (29/369) 11.5 (10/87)

Smoking status, % (n)

Past 35.7 (133) 49.4 (43)

Current 9.9 (37) 9.2 (8)

Employment type, % (n)

Full time 39.4 (147) 29.9 (26)

Part time 15.3 (57) 19.5 (17)

Retired 34.3 (128) 37.9 (33)

Unemployed or other 11.0 (41) 12.6 (11)

Educational status, % (n/N)

Degree, higher degree or equivalent 46.6 (170/365) 41.7 (35/84)

Marital status, % (n)

Married/civil partner 69.4 (259) 63.2 (55)

Access to the internet, % (n/N) 83.4 (311/373) 81.2 (69/85)

BMI, body mass index.
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TABLE 30 Walking Away study arm participants with and without primary outcome data

Complete data (N= 303) Missing data (N= 147)

Age (years), n; mean (SD) 303; 59.8 (9.0) 147; 58.7 (10.1)

BMI (kg/m2), n; mean (SD) 303; 28.9 (5.1) 147; 29.6 (6.3)

Social deprivation (IMD decile), n; mean (SD) 302; 6.0 (3.0) 147; 5.1 (3.0)

Sex, % (n)

Men 52.8 (160) 45.6 (67)

Women 47.2 (143) 54.4 (80)

Ethnicity, % (n)

White European 73.9 (224) 69.4 (102)

South Asian 20.1 (61) 25.9 (38)

Other 5.9 (18) 4.8 (7)

Family history of diabetes in first-degree relatives, % (n/N) 42.5 (128/301) 40.8 (60/147)

Prediabetes, % (n/N) 41.1 (124/302) 37.4 (55/147)

Antihypertensive medication, % (n/N) 42.7 (122/286) 51.2 (42/82)

Lipid-lowering medication, % (n/N) 33.9 (97/286) 48.8 (40/82)

Steroids, % (n) 8.3 (25) 10.9 (16)

Metformin, % (n) 0.0 (0) 0.7 (1)

CVD (MI, heart failure, angina, stroke), % (n/N) 9.0 (27/299) 8.8 (13/147)

Smoking status % (n)

Past 36.3 (110) 36.1 (53)

Current 6.6 (20) 12.2 (18)

Employment type, % (n)

Full time 33.7 (102) 35.4 (52)

Part time 20.8 (63) 19.7 (29)

Retired 37.0 (112) 32.0 (47)

Unemployed or other 8.6 (26) 12.9 (19)

Educational status, % (n/N)

Degree, higher degree or equivalent 48.3 (141/292) 39.7 (56/141)

Marital status, % (n)

Married/civil partner 76.6 (232) 73.5 (108)

Access to the internet, % (n/N) 89.1 (269/302) 80.3 (118/147)

BMI, body mass index.
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TABLE 31 Walking Away Plus study arm with and without primary outcome data

Complete data (N= 317) Missing data (N= 139)

Age (years), n; mean (SD) 317; 60.0 (8.5) 139; 57.8 (10.2)

BMI (kg/m2), n; mean (SD) 317; 29.0 (5.5) 139; 29.7 (5.8)

Social deprivation (IMD decile), n; mean (SD) 317; 5.9 (2.7) 139; 5.2 (2.9)

Sex, % (n)

Men 48.6 (154) 56.1 (78)

Women 51.4 (163) 43.9 (61)

Ethnicity, % (n)

White European 74.4 (236) 66.9 (93)

South Asian 20.8 (66) 26.6 (37)

Other 4.7 (15) 6.5 (9)

Family history of diabetes in first-degree relatives, % (n/N) 44.3 (140/316) 47.4 (65/137)

Prediabetes, % (n/N) 39.9 (126/316) 36.0 (50/139)

Antihypertensive medication, % (n/N) 45.7 (137/300) 41.3 (33/80)

Lipid-lowering medication, % (n/N) 39.7 (119/300) 39.2 (31/79)

Steroids, % (n) 6.0 (19) 7.2 (10)

Metformin, % (n) 0.3 (1) 0.0 (0)

CVD (MI, heart failure, angina, stroke), % (n/N) 8.9 (28/316) 12.3 (17/138)

Smoking status, % (n)

Past 39.7 (126) 34.5 (48)

Current 7.9 (25) 19.4 (27)

Employment type, % (n)

Full time 36.9 (117) 37.4 (52)

Part time 19.2 (61) 18.0 (25)

Retired 35.3 (112) 29.5 (41)

Unemployed or other 8.5 (27) 15.1 (21)

Educational status, % (n/N)

Degree, higher degree or equivalent 49.7 (156) 33.8 (46)

Marital status, % (n)

Married/civil partner 77.0 (244) 66.9 (93)

Access to the internet, % (n/N) 87.4 (277/317) 80.4 (111/138)

BMI, body mass index.
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Appendix 5 Self-efficacy and illness
perception scores at baseline and follow-up
in each study arm

TABLE 32 Self-efficacy and illness perception scores at baseline and follow-up in the control study arm

Time point

Baseline 12 months 48 months

N Median p25 p75 N Median p25 p75 N Median p25 p75

Walking self-efficacy

Confidence to walk for
10 minutes per day (%)

459 100 100 100 397 100 100 100 379 100 100 100

Confidence to walk for
30 minutes per day (%)

458 100 80 100 397 100 80 100 379 100 90 100

Confidence to walk for
60 minutes per day (%)

459 90 50 100 397 90 50 100 379 90 50 100

Illness perception

How much does your
risk of diabetes affect
your life?

310 4.0 1.0 7.0 395 4.0 1.0 6.0 379 4.0 1.0 6.0

How long do you think
your risk of diabetes will
continue?

310 5.0 3.0 10.0 393 7.0 4.0 10.0 380 7.0 3.0 10.0

How much control do
you feel you have over
your risk of diabetes?

310 7.0 5.0 8.0 394 7.0 5.0 8.0 380 7.0 5.0 8.0

How much do you think
treatment can help your
risk of diabetes?

310 8.0 6.0 10.0 393 8.0 5.0 10.0 378 7.0 5.0 9.0

How much do you
experience symptoms
from your risk of
diabetes?

312 0.0 0.0 2.0 394 0.0 0.0 2.0 379 0.0 0.0 2.0

How concerned are you
about your risk of
diabetes?

311 7.0 3.0 9.0 396 6.0 3.0 9.0 380 6.0 3.0 8.0

How well do you feel
you understand your
risk of diabetes?

312 7.0 4.5 9.0 394 7.0 5.0 10.0 380 8.0 5.0 10.0

How much does your
risk of diabetes affect
you emotionally?

312 3.0 0.0 6.0 394 2.0 0.0 5.0 380 2.0 0.0 5.0
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TABLE 33 Self-efficacy and illness perception scores at baseline and follow-up in the Walking Away study arm

Time point

Baseline 12 months 48 months

N Median p25 p75 N Median p25 p75 N Median p25 p75

Walking self-efficacy

Confidence to walk for
10 minutes per day (%)

450 100 100 100 347 100 100 100 315 100 100 100

Confidence to walk for
30 minutes per day (%)

450 100 80 100 346 100 90 100 315 100 80 100

Confidence to walk for
60 minutes per day (%)

449 90 50 100 346 90 50 100 315 100 50 100

Illness perception

How much does your
risk of diabetes affect
your life?

303 3.0 1.0 6.0 346 3.0 1.0 6.0 315 5.0 1.0 7.0

How long do you think
your risk of diabetes will
continue?

303 6.0 3.0 10.0 344 7.0 4.0 10.0 314 7.0 3.0 10.0

How much control do
you feel you have over
your risk of diabetes?

303 7.0 5.0 8.0 344 7.0 5.0 8.0 315 7.0 6.0 9.0

How much do you think
treatment can help your
risk of diabetes?

303 8.0 6.0 10.0 342 7.0 5.0 9.0 314 8.0 5.0 10.0

How much do you
experience symptoms
from your risk of
diabetes?

301 0.0 0.0 2.0 346 0.0 0.0 2.0 315 0.0 0.0 3.0

How concerned are you
about your risk of
diabetes?

302 7.0 4.0 10.0 347 7.0 4.0 9.0 312 7.0 4.0 9.0

How well do you feel
you understand your
risk of diabetes?

302 7.0 5.0 9.0 345 8.0 6.0 10.0 313 9.0 7.0 10.0

How much does your
risk of diabetes affect
you emotionally?

302 3.0 0.0 5.0 347 2.0 0.0 5.0 314 2.0 0.0 5.0
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TABLE 34 Self-efficacy and illness perception scores at baseline and follow-up in the Walking Away Plus study arm

Time point

Baseline 12 months 48 months

N Median p25 p75 N Median p25 p75 N Median p25 p75

Walking self-efficacy

Confidence to walk for
10 minutes per day (%)

455 100 100 100 346 100 100 100 324 100 100 100

Confidence to walk for
30 minutes per day (%)

455 100 80 100 345 100 90 100 324 100 80 100

Confidence to walk for
60 minutes per day (%)

452 100 50 100 345 100 50 100 324 95 50 100

Illness perception

How much does your risk of
diabetes affect your life?

308 3.0 1.0 5.0 342 4.0 1.0 7.0 325 5.0 1.0 8.0

How long do you think your
risk of diabetes will continue?

309 5.0 3.0 10.0 342 7.0 4.0 10.0 323 8.0 5.0 10.0

How much control do you feel
you have over your risk of
diabetes?

310 6.0 5.0 8.0 342 7.0 5.0 8.0 325 7.0 5.0 9.0

How much do you think
treatment can help your risk
of diabetes?

309 8.0 6.0 10.0 341 8.0 6.0 10.0 325 7.0 5.0 9.0

How much do you experience
symptoms from your risk of
diabetes?

308 0.0 0.0 2.0 341 0.0 0.0 2.0 324 0.0 0.0 2.0

How concerned are you about
your risk of diabetes?

308 7.0 4.0 9.5 342 7.0 4.0 10.0 325 7.0 5.0 9.0

How well do you feel you
understand your risk of
diabetes?

310 6.0 4.0 9.0 343 8.0 7.0 10.0 325 9.0 7.0 10.0

How much does your risk
of diabetes affect you
emotionally?

309 3.0 0.0 5.0 342 2.0 0.0 5.0 325 2.0 0.0 5.0
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Appendix 6 Self-reported use of
behaviour change strategies at baseline
and follow-up in each study arm

TABLE 35 Self-reported use of behaviour change strategies at baseline and follow-up in each study arm

Self-regulation

Study arm, % (n)

Control Walking Away Walking Away Plus

12 months 48 months 12 months 48 months 12 months 48 months

Set regular goals detailing amount of exercise you would do each day

Most of the time 30.0 (119) 30.6 (116) 34.2 (118) 39.0 (123) 40.3 (139) 38.5 (125)

Some of the time 34.0 (135) 31.1 (118) 37.4 (129) 34.0 (107) 38.6 (133) 40.3 (131)

Rarely 17.9 (71) 20.8 (79) 18.3 (63) 16.8 (53) 13.9 (48) 12.0 (39)

Never 18.1 (72) 17.4 (66) 10.1 (35) 10.2 (32) 7.2 (25) 9.2 (30)

Regularly set plan detailing where, when and how you would exercise

Most of the time 25.4 (101) 25.6 (97) 25.9 (89) 34.6 (109) 27.9 (96) 30.8 (100)

Some of the time 31.0 (123) 30.3 (115) 38.1 (131) 31.7 (100) 43.9 (151) 36.3 (118)

Rarely 21.2 (84) 22.4 (85) 23.8 (82) 22.5 (71) 18.0 (62) 22.8 (74)

Never 22.4 (89) 21.6 (82) 12.2 (42) 11.1 (35) 10.2 (35) 10.2 (33)

Worn a pedometer

Most of the time 2.5 (10) 9.0 (34) 22.7 (78) 25.2 (79) 36.4 (126) 32.4 (105)

Some of the time 10.1 (40) 10.6 (40) 28.5 (98) 24.5 (77) 36.7 (127) 31.8 (103)

Rarely 11.9 (47) 13.6 (51) 26.2 (90) 17.8 (56) 15.0 (52) 18.5 (60)

Never 75.4 (298) 66.8 (251) 22.7 (78) 32.5 (102) 11.8 (41) 17.3 (56)

Kept an exercise log recording your activity levels

Most of the time 4.8 (19) 7.7 (29) 17.1 (59) 15.6 (49) 24.1 (83) 19.7 (64)

Some of the time 6.3 (25) 9.8 (37) 18.0 (62) 15.0 (47) 30.2 (104) 21.2 (69)

Rarely 8.3 (33) 11.9 (45) 17.7 (61) 24.2 (76) 22.4 (77) 23.7 (77)

Never 80.6 (319) 70.7 (268) 47.2 (163) 45.2 (142) 23.3 (80) 35.4 (115)

Been aware of your activity levels

Most of the time 41.1 (163) 40.1 (152) 55.8 (193) 61.9 (195) 66.7 (230) 64.6 (210)

Some of the time 30.0 (119) 34.8 (132) 26.9 (93) 22.2 (70) 24.9 (86) 24.9 (81)

Rarely 12.1 (48) 11.1 (42) 9.8 (34) 9.8 (31) 4.9 (17) 5.2 (17)

Never 16.9 (67) 14.0 (53) 7.5 (26) 6.0 (19) 3.5 (12) 5.2 (17)

Tried to exercise regularly

Most of the time 41.8 (166) 42.0 (159) 53.0 (183) 53.8 (169) 56.1 (194) 56.6 (184)

Some of the time 35.0 (139) 32.7 (124) 34.8 (120) 31.2 (98) 33.5 (116) 32.9 (107)

Rarely 13.6 (54) 15.3 (58) 7.5 (26) 10.2 (32) 8.4 (29) 7.1 (23)

Never 9.6 (38) 10.0 (38) 4.6 (16) 4.8 (15) 2.0 (7) 3.4 (11)
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Appendix 7 Treatment-by-factor interactions

TABLE 36 Treatment-by-factor interactions

Factor
Interaction
p-value

Sex (men/women) 0.321

Age (< 60 years/≥ 60 years) 0.420

Ethnicity (white European/South Asian/other) 0.114

Family history of T2D (no/yes) 0.216

Prediabetes at baseline (no/yes) 0.474

Baseline obesity status (< 30 kg/m2/≥ 30 kg/m2 in white
Europeans/other; < 27.5 kg/m2/≥ 27.5 kg/m2 in South Asians)

0.734

Baseline deprivation (below/above median IMD decile) 0.035
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Appendix 8 Self-reported physical activity
outcomes and intervention effects
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TABLE 37 Self-reported physical activity outcomes and intervention effects

Variable

Study arm, n; mean (SD) Intervention effect 1
(Walking Away vs. control),
difference (97.5% CI)a

Intervention effect 2
(Walking Away vs. control),
difference (97.5% CI)aControl Walking Away Walking Away Plus

Overall physical activity expenditure (kJ/kg/day)

Baseline 459; 33.5 (38.4) 450; 32.9 (33.3) 455; 30.2 (32.4)

12 months 397; 30.3 (31.5) 347; 32.0 (30.1) 345; 32.8 (33.4) 0.3 (–3.9 to 4.4) 2.5 (–1.9 to 6.8)

48 months 380; 28.8 (29.2) 314; 31.2 (33.5) 326; 32.1 (32.8) 2.3 (–2.3 to 6.9) 4.4 (0.0 to 8.8)

Time spent sedentary (minutes/day)

Baseline 459; 366.3 (189.9) 450; 368.1 (180.1) 455; 387.5 (201.3)

12 months 405; 338.9 (180.0) 354; 326.5 (180.1) 363; 327.5 (197.2) –8.4 (–31.0 to 14.3) –16.2 (–40.3 to 7.8)

48 months 383; 332.3 (177.8) 318; 314.3 (164.0) 333; 330.3 (191.9) –18.7 (–42.1 to 4.7) –13.0 (–38.2 to 12.2)

Time spent in light physical activity (minutes/day)

Baseline 459; 40.8 (100.0) 450; 50.5 (108.8) 455; 36.6 (88.4)

12 months 405; 43.9 (103.7) 354; 44.4 (102.6) 363; 36.7 (96.6) –2.6 (–18.0 to 12.8) –3.8 (–17.9 to 10.3)

48 months 383; 50.2 (106.3) 318; 37.3 (88.5) 333; 39.0 (96.6) –13.9 (–28.6 to 0.9) –7.3 (–22.8 to 8.1)

Time spent in moderate to vigorous physical activity (minutes/day)

Baseline 459; 117.8 (161.1) 450; 111.9 (142.4) 455; 101.6 (133.5)

12 months 405; 101.6 (133.5) 354; 112.7 (139.1) 363; 110.3 (139.7) 6.2 (–11.6 to 24.1) 9.1 (–8.9 to 27.0)

48 months 383; 96.7 (122.7) 318; 116.0 (144.6) 333; 109.4 (134.9) 18.3 (–0.7 to 37.3) 16.7 (–1.5 to 34.9)

a Data are adjusted for randomisation stratification variables (centre, ethnicity and sex) and baseline value.

Note
Bold values highlight significantly different from control at a p-value of < 0.025.
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Appendix 9 Secondary outcome tables
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TABLE 38 Anthropometric outcomes at each time point

Variable

Study arm, n; mean (SD)

Control Walking Away Walking Away Plus

Baseline 12 months 48 months Baseline 12 months 48 months Baseline 12 months 48 months

Weight (kg) 460; 82.3 (17.8) 387; 81.9 (18.3) 411; 81.8 (18.6) 450; 81.2 (17.7) 336; 80.1 (17.3) 364; 79.7 (17.4) 456; 81.7 (18.6) 340; 81.2 (17.4) 379; 80.8 (18.3)

BMI (kg/m2) 460; 29.3 (5.7) 387; 29.2 (5.9) 370; 29.2 (6.0) 450; 29.1 (5.6) 336; 28.7 (5.5) 298; 28.5 (5.4) 456; 29.2 (5.6) 340; 28.9 (5.1) 313; 28.6 (5.1)

Waist
circumference
(cm)

459; 98.9 (13.6) 386; 98.9 (13.9) 368; 100.6 (14.7) 448; 98.7 (13.9) 335; 97.3 (13.7) 290; 98.5 (13.3) 454; 98.8 (14.4) 338; 98.4 (14.3) 312; 99.5 (13.8)

Body fat
percentage
(%)

457; 33.6 (9.5) 381; 33.8 (9.3) 363; 33.5 (9.2) 447; 33.6 (9.1) 330; 32.9 (9.3) 294; 32.6 (9.7) 454; 33.5 (8.9) 340; 33.6 (8.5) 309; 33.2 (9.0)

Fat mass (kg) 457; 28.6 (12.6) 381; 28.1 (12.2) 364; 28.2 (12.7) 447; 27.9 (11.6) 330; 27.1 (11.7) 294; 26.6 (11.9) 454; 28.1 (11.8) 340; 27.7 (10.8) 309; 27.2 (10.6)

Fat-free
mass (kg)

457; 53.5 (10.8) 381; 53.5 (11.2) 364; 53.8 (11.8) 447; 53.2 (11.1) 330; 53.0 (10.8) 294; 52.3 (10.8) 454; 53.6 (11.6) 340; 53.5 (11.4) 309; 52.8 (12.4)

BMI, body mass index.

TABLE 39 Intervention effect for anthropometric outcomes at follow-up

Variable

12 months, mean (97.5% CI) 48 months, mean (97.5% CI)

Walking Away vs. control Walking Away Plus vs. control Walking Away vs. control Walking Away Plus vs. control

Weight (kg) –0.60 (–1.18 to –0.03) –0.05 (–0.62 to 0.52) –1.00 (–1.92 to –0.07) –0.23 (–1.16 to 0.70)

BMI (kg/m2) –0.20 (–0.41 to 0.01) –0.01 (–0.21 to 0.20) –0.42 (–0.77 to –0.07) –0.23 (–0.57 to 0.12)

Waist circumference (cm) –1.28 (–2.18 to –0.38) –0.47 (–1.39 to 0.45) –1.57 (–2.70 to –0.45) –1.09 (–2.33 to 0.15)

Body fat percentage (%) –0.50 (–0.98 to –0.03) –0.31 (–0.80 to 0.17) –1.06 (–1.79 to –0.33) –0.47 (–1.15 to 0.22)

Fat mass (kg) –0.24 (–0.87 to 0.39) 0.08 (–0.58 to 0.75) –0.90 (–1.96 to 0.17) –0.31 (–1.40 to 0.79)

Fat-free mass (kg) –0.40 (–0.93 to 0.14) –0.06 (–0.61 to 0.49) –0.72 (–1.61 to 0.17) –0.66 (–1.55 to 0.24)

BMI, body mass index.
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TABLE 41 Intervention effect for the main biochemical variables at follow-up

Variable

12 months, mean (97.5% CI) 48 months, mean (97.5% CI)

Walking Away vs. control Walking Away Plus vs. control Walking Away vs. control Walking Away Plus vs. control

HbA1c (mmol/mol) –0.14 (–0.47 to 0.20) –0.10 (–0.43 to 0.23) –0.13 (–0.68 to 0.42) –0.01 (–0.63 to 0.61)

HbA1c (%) –0.02 (–0.05 to 0.01) –0.01 (–0.04 to 0.02) –0.02 (–0.07 to 0.03) –0.03 (–0.07 to 0.02)

Total cholesterol (mmol/l) –0.04 (–0.15 to 0.06) –0.08 (–0.18 to 0.03) 0.02 (–0.11 to 0.15) –0.02 (–0.16 to 0.11)

HDL cholesterol (mmol/l) 0.00 (–0.03 to 0.04) 0.01 (–0.03 to 0.05) 0.00 (–0.03 to 0.04) 0.04 (–0.01 to 0.08)

LDL cholesterol (mmol/l) –0.02 (–0.12 to 0.07) –0.04 (–0.13 to 0.05) 0.03 (–0.08 to 0.15) 0.00 (–0.11 to 0.12)

Triglycerides (mmol/l) –0.09 (–0.25 to 0.06) –0.15 (–0.29 to –0.01) –0.07 (–0.18 to 0.03) –0.11 (–0.21 to 0.00)

Vitamin D (nmol/l) 1.52 (–2.50 to 5.53) 0.42 (–3.20 to 4.04) 1.17 (–2.79 to 5.12) 1.63 (–2.26 to 5.52)

TABLE 40 Main biochemical variables: values at each time point

Variable

Study arm, n; mean (SD)

Control Walking Away Walking Away Plus

Baseline 12 months 48 months Baseline 12 months 48 months Baseline 12 months 48 months

HbA1c (mmol/mol) 458; 40.0 (3.7) 385; 41.2 (3.5) 397; 41.1 (4.7) 449; 40.5 (3.5) 334; 41.4 (3.3) 352; 41.6 (5.2) 455; 40.4 (3.5) 340; 41.3 (3.4) 357; 41.8 (5.5)

HbA1c (%) 460; 5.8 (0.3) 385; 5.9 (0.3) 389; 5.9 (0.4) 450; 5.9 (0.3) 335; 5.9 (0.3) 332; 6.0 (0.4) 456; 5.9 (0.3) 340; 5.9 (0.3) 341; 6.0 (0.4)

Total cholesterol
(mmol/l)

459; 5.2 (1.1) 383; 5.1 (1.0) 389; 4.8 (1.0) 449; 5.2 (1.1) 333; 5.1 (1.0) 322; 4.9 (1.0) 455; 5.2 (1.1) 340; 5.1 (1.1) 338; 4.8 (1.1)

HDL cholesterol
(mmol/l)

455; 1.4 (0.4) 380; 1.5 (0.5) 397; 1.5 (0.4) 443; 1.4 (0.4) 330; 1.4 (0.5) 342; 1.4 (0.4) 455; 1.4 (0.4) 340; 1.5 (0.4) 356; 1.5 (0.5)

LDL cholesterol
(mmol/l)

453; 3.0 (0.9) 376; 2.9 (0.9) 391; 2.6 (0.8) 436; 3.1 (0.9) 326; 2.9 (0.9) 339; 2.7 (0.9) 452; 3.1 (1.0) 337; 2.9 (0.9) 352; 2.7 (0.9)

Triglycerides
(mmol/l)

459; 1.5 (0.8) 383; 1.7 (1.3) 398; 1.6 (0.9) 449; 1.6 (1.0) 333; 1.7 (1.0) 342; 1.6 (0.9) 455; 1.5 (0.8) 340; 1.5 (0.8) 355; 1.5 (0.8)

Vitamin D (nmol/l) 305; 45.8 (23.1) 251; 44.8 (20.1) 243; 48.5 (18.8) 299; 44.1 (20.9) 212; 45.6 (23.1) 186; 49.3 (20.0) 304; 43.8 (22.6) 214; 45.8 (20.7) 195; 50.7 (20.1)
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TABLE 42 Other biochemical and cardiovascular risk outcomes at each time point

Variable

Study arm, n; mean (SD)

Control Walking Away Walking Away Plus

Baseline 12 months 48 months Baseline 12 months 48 months Baseline 12 months 48 months

Other biochemistry outcomes

Sodium (mmol/l) 460; 140.4 (2.0) 384; 140.6 (2.0) 398; 140.6 (2.4) 450; 140.5 (2.0) 335; 140.5 (2.0) 348; 140.5 (2.2) 455; 140.3 (2.1) 340; 140.6 (1.9) 355; 140.6 (2.5)

Potassium
(mmol/l)

459; 4.3 (0.4) 382; 4.3 (0.4) 398; 4.2 (0.4) 449; 4.3 (0.4) 330; 4.3 (0.4) 346; 4.3 (0.4) 454; 4.3 (0.4) 336; 4.3 (0.4) 355; 4.2 (0.4)

Urea (mmol/l) 427; 5.8 (1.5) 384; 5.9 (1.5) 398; 6.0 (1.7) 420; 5.8 (1.5) 333; 6.0 (1.4) 348; 6.0 (1.7) 422; 5.9 (1.6) 340; 5.9 (1.5) 354; 6.0 (1.7)

eGFR
(ml/minute/1.73m2)

449; 85.6 (19.9) 370; 82.9 (12.8) 392; 83.7 (13.1) 431; 85.5 (12.1) 326; 82.7 (12.9) 343; 83.1 (13.3) 439; 85.5 (12.6) 330; 82.5 (13.2) 349; 84.1 (13.1)

Total bilirubin
(µmol/l)

459; 10.3 (5.0) 382 (5.3) 396; 10.3 (5.2) 448; 10.3 (5.1) 334; 10.3 (4.8) 339; 10.3 (4.4) 453; 10.5 (5.5) 339; 10.5 (5.1) 349; 10.4 (5.4)

ALP (IU/l) 458; 82.7 (22.0) 10.3; 82.6 (24.0) 398; 81.5 (28.0) 448; 82.8 (23.5) 333; 81.6 (23.2) 342; 78.1 (22.0) 454; 79.8 (22.5) 339; 78.7 (20.7) 348; 77.6 (22.5)

ALT (IU/l) 459; 26.3 (13.0) 382; 27.0 (12.9) 396; 26.4 (15.1) 448; 26.6 (13.4) 334; 25.3 (12.1) 340; 25.0 (10.3) 454; 26.8 (16.1) 339; 25.5 (11.1) 349; 27.7 (28.6)

GGT (IU/l) 347; 34.7 (31.4) 380; 34.9 (31.3) 354; 37.9 (62.4) 346; 35.1 (34.3) 322; 32.6 (27.3) 287; 33.1 (32.8) 339; 37.3 (42.6) 331; 33.5 (31.2) 306; 34.3 (35.9)

Urine albumin-to-
creatinine ratio
(mg/mmol)

439; 1.5 (3.3) 377; 1.8 (5.8) 270; 2.7 (6.3) 429; 1.3 (2.9) 324; 1.4 (3.1) 221; 2.3 (4.9) 429; 1.4 (3.8) 332; 1.8 (3.8) 243; 2.0 (3.9)

Cardiovascular risk

10-year
cardiovascular risk
(Framingham) (%)

407; 13.8 (10.2) 354; 14.4 (11.0) 367; 14.9 (11.4) 362; 14.4 (9.4) 307; 14.0 (9.9) 289; 15.2 (11.3) 379; 14.5 (10.6) 313; 14.4 (10.6) 303; 14.8 (10.6)

eGFR, estimated glomerular filtration rate.
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TABLE 43 Intervention effect for the other biochemical variables at follow-up

Variable

12 months, mean (97.5% CI) 48 months, mean (97.5% CI)

Walking Away vs. control Walking Away Plus vs. control Walking Away vs. control Walking Away Plus vs. control

Sodium (mmol/l) –0.12 (–0.39 to 0.15) 0.03 (–0.24 to 0.29) –0.06 (–0.38 to 0.25) 0.09 (–0.25 to 0.42)

Potassium (mmol/l) –0.03 (–0.09 to 0.02) –0.04 (–0.10 to 0.01) 0.02 (–0.04 to 0.08) –0.03 (–0.09 to 0.02)

Urea (mmol/l) 0.05 (–0.13 to 0.23) –0.08 (–0.26 to 0.09) 0.04 (–0.17 to 0.25) –0.07 (–0.27 to 0.13)

eGFR (ml/minute/1.73 m2) 0.29 (–1.64 to 2.23) 0.26 (–1.72 to 2.23) –0.40 (–2.36 to 1.56) 0.42 (–1.54 to 2.38)

Total bilirubin (µmol/l) 0.17 (–0.36 to 0.70) –0.11 (–0.61 to 0.40) –0.09 (–0.60 to 0.42) –0.19 (–0.77 to 0.38)

ALP (IU/l) –0.85 (–2.87 to 1.18) –1.32 (–3.10 to 0.46) –3.70 (–6.45 to –0.96) –1.08 (–3.65 to 1.49)

ALT (IU/l) –1.33 (–2.92 to 0.26) –0.89 (–2.40 to 0.62) –1.79 (–3.51 to –0.07) 1.55 (–1.99 to 5.08)

GGT (IU/l) –2.93 (–6.60 to 0.74) –1.99 (–5.24 to 1.26) –4.67 (–12.35 to 3.00) –3.87 (–11.47 to 3.72)

Urine albumin to creatinine
ratio (mg/mmol)

–0.29 (–0.95 to 0.38) –0.09 (–0.77 to 0.60) –0.10 (–1.11 to 0.91) –0.77 (–1.70 to 0.17)

10-year cardiovascular risk
(Framingham) (%)

–0.86 (–1.69 to –0.04) –0.73 (–1.57 to 0.11) –0.26 (–1.31 to 0.78) –0.54 (–1.65 to 0.57)

eGFR, estimated glomerular filtration rate.
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TABLE 44 Diet outcomes at each time point

Diet variable

Study arm, n; mean (SD)

Control Walking Away Walking Away Plus

Baseline 12 months 48 months Baseline 12 months 48 months Baseline 12 months 48 months

Frequency (portions/week) of

Fresh fruit 459; 4.7 (1.3) 396; 4.7 (1.4) 379; 4.7 (1.4) 450; 4.8 (1.3) 347; 5.0 (1.2) 315; 5.1 (1.2) 455; 4.8 (1.3) 345; 4.9 (1.2) 325; 5.0 (1.2)

Green leafy vegetables 459; 4.3 (1.2) 396; 4.4 (1.2) 380; 4.2 (1.2) 449; 4.5 (1.1) 347; 4.5 (1.1) 315; 4.6 (1.2) 453; 4.4 (1.2) 345; 4.6 (1.1) 325; 4.5 (1.2)

Other vegetables 457; 4.7 (1.0) 392; 4.6 (1.0) 378; 4.5 (1.1) 447; 4.8 (1.0) 347; 4.9 (1.0) 314; 4.8 (1.0) 454; 4.8 (1.0) 344; 4.9 (1.0) 325; 4.8 (1.0)

Oily fish 459; 2.6 (1.1) 396; 2.7 (1.1) 380; 2.7 (1.2) 450; 2.7 (1.2) 346; 2.8 (1.2) 315; 2.8 (1.2) 455; 2.7 (1.2) 346; 2.8 (1.1) 326; 2.8 (1.1)

Other fish 457; 2.7 (1.0) 395; 2.8 (1.0) 379; 2.8 (1.1) 449; 2.7 (1.0) 347; 2.7 (1.1) 313; 2.8 (1.1) 455; 2.7 (1.0) 343; 2.8 (1.0) 325; 2.8 (1.1)

Chicken 457; 3.4 (1.1) 396; 3.3 (1.1) 380; 3.3 (1.1) 450; 3.3 (1.1) 346; 3.4 (1.1) 315; 3.3 (1.2) 455; 3.4 (1.1) 345; 3.5 (1.0) 326; 3.4 (1.0)

Meat 459; 3.1 (1.2) 395; 3.0 (1.2) 377; 3.0 (1.2) 450; 3.2 (1.2) 347; 3.1 (1.2) 315; 3.0 (1.2) 455; 3.3 (1.2) 345; 3.2 (1.1) 326; 3.1 (1.1)

Eggs 458; 3.3 (1.1) 395; 3.3 (1.1) 379; 3.4 (1.2) 450; 3.4 (1.2) 345; 3.4 (1.1) 314; 3.5 (1.2) 455; 3.4 (1.1) 346; 3.4 (1.1) 326; 3.5 (1.2)

Cheese 458; 3.6 (1.2) 395; 3.7 (1.2) 379; 3.6 (1.2) 447; 3.6 (1.1) 346; 3.5 (1.2) 314; 3.6 (1.2) 454; 3.7 (1.2) 346; 3.6 (1.2) 325; 3.6 (1.2)

Wholemeal/brown bread 459; 4.1 (1.6) 395; 4.1 (1.6) 378; 4.0 (1.6) 450; 4.2 (1.6) 346; 4.2 (1.6) 314; 4.2 (1.6) 455; 4.3 (1.6) 345; 4.2 (1.6) 326; 4.2 (1.5)

Alcohol (drinks/day) 450; 2.0 (0.9) 393; 1.9 (0.8) 375; 1.9 (0.8) 443; 1.9 (0.8) 346; 1.9 (0.8) 307; 1.9 (0.7) 449; 2.0 (0.8) 343; 1.9 (0.8) 321; 1.9 (0.8)

Number of days/week on which individual reported limiting intake of

Total fat 458; 4.4 (1.6) 396; 4.5 (1.6) 380; 4.4 (1.6) 450; 4.5 (1.5) 347; 4.7 (1.4) 315; 4.7 (1.4) 454; 4.5 (1.6) 346; 4.7 (1.4) 326; 4.7 (1.4)

Saturated fat 458; 4.5 (1.7) 394; 4.6 (1.7) 380; 4.4 (1.6) 449; 4.5 (1.6) 346; 4.8 (1.3) 314; 4.9 (1.4) 454; 4.6 (1.6) 345; 4.8 (1.4) 325; 4.8 (1.5)

Sugar 459; 4.7 (1.7) 395; 4.9 (1.5) 380; 4.7 (1.5) 450; 4.7 (1.5) 345; 5.0 (1.4) 314; 5.1 (1.3) 454; 4.7 (1.5) 345; 5.0 (1.4) 326; 5.0 (1.3)

Salt 459; 4.5 (1.8) 394; 4.7 (1.7) 380; 4.6 (1.8) 450; 4.6 (1.7) 347; 4.8 (1.5) 315; 4.8 (1.6) 453; 4.5 (1.8) 346; 4.8 (1.6) 326; 4.8 (1.6)
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TABLE 45 Intervention effect for dietary variables at follow-up

Diet variable

12 months, mean (97.5% CI) 48 months, mean (97.5% CI)

Walking Away vs. control Walking Away Plus vs. control Walking Away vs. control Walking Away Plus vs. control

Frequency (portions/week) of

Green leafy vegetables 0.23 (0.07 to 0.39) 0.12 (–0.04 to 0.29) 0.22 (0.05 to 0.40) 0.13 (–0.04 to 0.30)

Other vegetables 0.12 (–0.03 to 0.26) 0.14 (0.00 to 0.29) 0.24 (0.07 to 0.41) 0.24 (0.08 to 0.41)

Oily fish 0.21 (0.07 to 0.35) 0.17 (0.04 to 0.31) 0.20 (0.05 to 0.35) 0.20 (0.06 to 0.35)

Other fish 0.02 (–0.12 to 0.16) 0.09 (–0.05 to 0.22) 0.00 (–0.16 to 0.15) 0.04 (–0.12 to 0.20)

Chicken –0.06 (–0.20 to 0.08) 0.03 (–0.11 to 0.16) –0.02 (–0.17 to 0.14) 0.06 (–0.10 to 0.22)

Meat 0.05 (–0.06 to 0.16) 0.06 (–0.05 to 0.18) –0.01 (–0.16 to 0.13) 0.02 (–0.12 to 0.15)

Eggs –0.02 (–0.15 to 0.11) 0.00 (–0.14 to 0.14) –0.14 (–0.29 to 0.00) –0.12 (–0.27 to 0.03)

Cheese –0.02 (–0.15 to 0.11) –0.01 (–0.14 to 0.12) 0.07 (–0.09 to 0.23) 0.05 (–0.11 to 0.21)

Wholemeal/brown bread –0.15 (–0.30 to 0.00) –0.16 (–0.31 to –0.01) 0.00 (–0.16 to 0.17) –0.06 (–0.24 to 0.11)

Alcohol (drinks/day) 0.05 (–0.17 to 0.26) 0.03 (–0.19 to 0.25) 0.07 (–0.17 to 0.31) 0.06 (–0.18 to 0.30)

Number of days/week on which individual reported limiting intake of

Total fat 0.11 (–0.11 to 0.32) 0.09 (–0.12 to 0.31) 0.32 (0.09 to 0.55) 0.32 (0.09 to 0.55)

Saturated fat 0.17 (–0.06 to 0.39) 0.08 (–0.14 to 0.31) 0.41 (0.18 to 0.65) 0.37 (0.12 to 0.61)

Sugar 0.09 (–0.11 to 0.29) 0.06 (–0.17 to 0.29) 0.34 (0.12 to 0.55) 0.29 (0.07 to 0.51)

Salt 0.05 (–0.16 to 0.27) 0.06 (–0.18 to 0.30) 0.11 (–0.14 to 0.36) 0.21 (–0.03 to 0.46)
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TABLE 46 Depression, anxiety, quality-of-life and sleep outcomes at each time point

Variable

Study arm, n; mean (SD)

Control Walking Away Walking Away Plus

Baseline 12 months 48 months Baseline 12 months 48 months Baseline 12 months 48 months

Depression and anxiety

Depression score 455; 4.0 (3.3) 393; 4.0 (3.3) 379; 4.0 (3.4) 446; 3.7 (3.2) 346; 3.3 (3.0) 313; 3.5 (3.1) 455; 4.2 (3.7) 342; 3.4 (3.3) 325; 3.8 (3.9)

Anxiety score 454; 6.1 (4.2) 390; 5.8 (4.2) 380; 5.9 (4.2) 445; 5.8 (4.0) 344; 5.2 (3.8) 313; 5.5 (4.0) 455; 6.0 (4.0) 343; 5.5 (3.8) 326; 5.3 (4.2)

Health-related quality of life

Summary mental
component score
(SF-8)

456; 50.4 (9.6) 390; 50.7 (9.7) 375; 50.2 (10.0) 446; 51.2 (8.8) 341; 51.8 (8.3) 312; 51.4 (9.1) 453; 50.6 (9.2) 345; 51.6 (9.0) 325; 51.2 (9.6)

Summary physical
component score
(SF-8)

456; 48.3 (9.5) 390; 48.3 (9.7) 375; 48.5 (8.7) 446; 48.7 (9.0) 341; 49.9 (8.9) 312; 48.5 (9.1) 453; 48.5 (9.4) 345; 49.3 (9.0) 325; 48.1 (9.7)

Summary index
(EQ-5D-5L)

459; 0.8 (0.2) 396; 0.8 (0.2) 380; 0.8 (0.2) 448; 0.8 (0.2) 347; 0.8 (0.2) 313; 0.8 (0.2) 454; 0.8 (0.2) 346; 0.8 (0.2) 325; 0.8 (0.2)

Self-related
health (VAS)

459; 81.0 (16.5) 396; 81.1 (15.4) 380; 79.9 (15.9) 450; 81.9 (16.3) 347; 82.3 (15.0) 315; 80.8 (16.6) 454; 79.9 (17.1) 346; 82.3 (14.1) 326; 79.9 (17.8)

Sleep outcome

Time spent asleep
last night (hours)

459; 6.6 (1.3) 396; 6.8 (1.2) 378; 6.6 (1.2) 449; 6.5 (1.4) 346; 6.6 (1.4) 315; 6.6 (1.3) 455; 6.5 (1.3) 345; 6.7 (1.2) 325; 6.6 (1.3)

Average sleep
duration
(hours/night)

459; 7.4 (1.5) 395; 7.5 (1.5) 378; 7.4 (1.6) 448; 7.4 (1.4) 343; 7.4 (1.5) 314; 7.4 (1.5) 455; 7.4 (1.6) 345; 7.4 (1.4) 325; 7.3 (1.6)
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TABLE 47 Intervention effect for depression, anxiety, quality-of-life and sleep outcomes

Variable

12 months, mean (97.5% CI) 48 months, mean (97.5% CI)

Walking Away vs. control Walking Away Plus vs. control Walking Away vs. control Walking Away Plus vs. control

Depression and anxiety

Depression score –0.21 (–0.56 to 0.13) –0.34 (–0.70 to 0.02) 0.05 (–0.37 to 0.47) –0.09 (–0.54 to 0.37)

Anxiety score –0.21 (–0.63 to 0.20) –0.14 (–0.59 to 0.32) 0.19 (–0.30 to 0.68) –0.31 (–0.84 to 0.23)

Health-related quality of life

Summary mental component score (SF-8) 0.49 (–0.72 to 1.70) 0.56 (–0.72 to 1.83) 0.43 (–0.97 to 1.83) 0.54 (–0.89 to 1.97)

Summary physical component score (SF-8) 1.07 (–0.11 to 2.25) 0.57 (–0.65 to 1.80) –0.31 (–1.61 to 0.99) –0.59 (–1.94 to 0.76)

Summary index (EQ-5D-5L) 0.02 (0.00 to 0.04) 0.00 (–0.02 to 0.02) 0.00 (–0.03 to 0.03) 0.01 (–0.02 to 0.03)

Self-related health (VAS) 0.19 (–1.75 to 2.14) 1.19 (–0.78 to 3.16) –0.17 (–2.45 to 2.12) –0.26 (–2.66 to 2.14)

Sleep outcome

Time spent asleep last night (hours) –0.15 (–0.33 to 0.02) –0.09 (–0.27 to 0.08) 0.03 (–0.16 to 0.23) 0.09 (–0.11 to 0.28)

Average sleep duration (hours/night) –0.12 (–0.34 to 0.10) –0.05 (–0.27 to 0.16) –0.02 (–0.26 to 0.23) –0.03 (–0.28 to 0.22)
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Appendix 10 Comparison of PROPELS
and simulated populations

TABLE 48 Comparison of PROPELS and simulated populations

South Asian Non-South Asian

Simulated PROPELS Simulated PROPELS

Site (%)

Leicester 97 97 58 58

Cambridge 3 3 42 42

Arm (%)

Usual care 35 34 34 34

Walking Away 32 32 32 33

Walking Away Plus 34 34 33 33

Sex (%)

Male 58 58 49 49

Female 42 42 51 51

Ethnicity (%)

Indian 85 86 0 0

Pakistani 5 5 0 0

Bangladeshi 1 1 0 0

Other Asian (excluding Chinese) 9 9 0 0

White British 0 0 88 88

White Irish 0 0 1 1

Other white 0 0 4 4

White and black Caribbean 0 0 0 0

White and black African 0 0 0 0

White and Asian 0 0 0 0

Other mixed race 0 0 1 1

Chinese 0 0 0 0

Other 0 0 0 0

Black Caribbean 0 0 2 2

Black African 0 0 3 3

Other black 0 0 0 0

Smoking (%)

Never 74 73 47 47

Ex-smoker 18 18 44 43

Current smoker 8 9 10 10
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TABLE 48 Comparison of PROPELS and simulated populations (continued )

South Asian Non-South Asian

Simulated PROPELS Simulated PROPELS

Atrial fibrillation (%)

No 100 99 94 95

Yes 0 1 5 4

Unknown 0 0 1 1

Statins (%)

No 75 75 72 71

Yes 24 25 28 28

Unknown 0 0 0 0

Antihypertensives (%)

No 69 69 59 59

Yes 31 31 41 40

Diabetes (%)

No 100 100 100 100

Yes 0 0 0 0

Angina (%)

No 99 98 93 93

Yes 1 2 6 6

Unknown 0 0 1 1

MI (%)

No 99 97 97 95

Yes 1 3 3 5

Unknown 0 0 0 0

Stroke (%)

No 100 99 95 97

Yes 0 1 3 2

Unknown 0 0 1 0

IMD centile (%)

1 9 10 10 10

2 15 15 7 7

3 13 12 7 7

4 18 18 8 8

5 14 13 10 9

6 10 10 9 9

7 10 10 12 11

8 5 5 11 11

9 5 5 14 14

10 1 2 12 12
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TABLE 48 Comparison of PROPELS and simulated populations (continued )

South Asian Non-South Asian

Simulated PROPELS Simulated PROPELS

Height (m) 1.64 1.64 1.68 1.68

BMI (kg/m2) 27.44 27.45 29.72 29.72

Total cholesterol (mmol/l) 4.96 4.96 5.24 5.25

Systolic blood pressure (mmHg) 128.63 128.74 132.39 132.38

Waist circumference (cm) 95.91 95.81 99.79 99.66

Drinks per occasion 1.61 1.60 2.07 2.07

Drinking occasions per week 2.07 2.06 3.08 3.08

Steps per day at baseline 7042 7038 7164 7196

HDL (mmol/l) 1.34 1.34 1.46 1.47

Age (years) 54.69 54.61 60.78 60.74

HbA1c at baseline (mmol/mol) 5.81 5.81 5.86 5.85

GP visits in last year at baseline 4.05 5.12 3.20 4.20

BMI, body mass index.
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Appendix 11 Microcosting details for
Walking Away and Walking Away Plus

TABLE 49 Cost of educator time and delivery of staff training

Number Unit cost (£) Total cost (£)

One-educator sessions 123 81.48 10,022

Two-educator sessions 259 162.96 42,207

Total educator cost 52,229

TABLE 50 Cost of travel, consumables and administrative expenses

Leicester Cambridge

Costs of travel expenses

Number of sessions attended 1418 766

Taxi 2.6% –

Taxi (average cost of return journey) £23.50 –

Total cost of taxis £866.40 £0

Bus fare 2.3% 1%

Bus fare (average cost) £3.70 £3

Total cost of buses £120.67 £22.98

Parking ticket 79% 30%

Parking ticket (average cost) £3.80 £4

Total cost of parking £4256.84 £919.20

Mileage – 5%

Mileage (average cost) – £7

Total cost of mileage £0 £268.10

Total cost of travel expenses per site £5243.91 £1210.28

Total cost of travel expenses £6454.19

Administration consumables

Number of letters sent 2016 1076

Cost per letter £0.64 £0.64

Number of maps sent 2016 0

Cost per map £0.16 –

Total cost of administration consumables per site £1613 £689
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TABLE 50 Cost of travel, consumables and administrative expenses (continued )

Leicester Cambridge

Booklets

Number of booklets 606 301

Cost per booklet £7.32 £7.32

Total cost of booklets per site £4436 £2203

Teaching resources

Number of sets of teaching resources 1 3

Cost per set of teaching resources £500 £500

Total cost of paper (based on 10 sheets per session) £63.24 £42.16

Number of packs of pens 12 6

Cost per pack of pens £6.47 £6.47

Total cost of teaching resources £641 £1581

Total cost of administration consumables and teaching
resources per site

£6690 £4473

Total cost of administration consumables and teaching resources £11,163
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Appendix 12 Regressions used to
estimate diabetes diagnoses, step count
and HbA1c in the School for Public Health
Research model version 3.2

Regressions used to estimate diabetes diagnoses at 1 year

TABLE 51 Odds ratios: diabetes diagnoses at 1 year

Mean 97.5% CI

Walking Away (Walking Away= 1, 0 otherwise) 1.55 0.52 to 4.63

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) 0.72 0.19 to 2.68

Cambridge (1 = at the Cambridge site, 0= otherwise) 4.11 1.32 to 12.77

Female (1 = female, 0 otherwise) 0.54 0.2 to 1.44

HbA1c (% scale) at baseline 5.15 0.44 to 60.15

HbA1c (% scale) at 1 year 1.52 0.24 to 9.58

Number of objectively measured steps per day/2000 at baseline 1.00 0.6 to 1.67

Number of objectively measured steps per day/2000 at 1 year 0.80 0.49 to 1.32

TABLE 52 Regression coefficients: diabetes diagnoses at 1 year

Mean SE 97.5% CI

Intercept –15.92 5.16 –27.49 to –4.36

Walking Away (Walking Away= 1, 0 otherwise) 0.44 0.49 –0.65 to 1.53

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) –0.33 0.59 –1.64 to 0.99

Cambridge (1 = at the Cambridge site, 0= otherwise) 1.41 0.51 0.28 to 2.55

Female (1 = female, 0 otherwise) –0.61 0.44 –1.6 to 0.37

HbA1c (% scale) at baseline 1.64 1.10 –0.82 to 4.1

HbA1c (% scale) at 1 year 0.42 0.82 –1.42 to 2.26

Number of objectively measured steps per day/2000 at baseline 0.00 0.23 –0.5 to 0.51

Number of objectively measured steps per day/2000 at 1 year –0.22 0.22 –0.71 to 0.28
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TABLE 53 Covariance matrix: diabetes diagnoses at 1 year

Intercept
Walking
Awaya

Walking
Away
Plusb Cambridgec Femaled

HbA1c

(%) at
baseline

HbA1c

(%) at
12 months

Steps per
day/2000 at
baseline

Steps per
day/2000 at
12 months

Intercept 26.6279 0.0276 –0.0493 0.5344 –0.0596 –3.6608 –0.6545 –0.1835 –0.0141

Walking
Awaya

0.0276 0.2370 0.1355 0.0054 0.0101 –0.0459 0.0227 –0.0101 0.0010

Walking
Away Plusb

–0.0493 0.1355 0.3436 –0.0041 0.0010 –0.0166 0.0077 –0.0019 –0.0068

Cambridgec 0.5344 0.0054 –0.0041 0.2558 –0.0097 –0.1515 0.0390 –0.0114 0.0003

Femaled –0.0596 0.0101 0.0010 –0.0097 0.1918 –0.0297 0.0248 0.0061 –0.0009

HbA1c

(%) at
baseline

–3.6608 –0.0459 –0.0166 –0.1515 –0.0297 1.2024 –0.5813 0.0322 –0.0179

HbA1c

(%) at
12 months

–0.6545 0.0227 0.0077 0.0390 0.0248 –0.5813 0.6734 –0.0090 0.0146

Steps
per day/
2000 at
baseline

–0.1835 –0.0101 –0.0019 –0.0114 0.0061 0.0322 –0.0090 0.0513 –0.0369

Steps
per day/
2000 at
12 months

–0.0141 0.0010 –0.0068 0.0003 –0.0009 –0.0179 0.0146 –0.0369 0.0493

a Walking Away= 1, other arms = 0.
b Walking Away Plus= 1, other arms = 0.
c Cambridge= 1, Leicester = 0.
d Female = 1, male = 0.
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Regressions used to estimate diabetes diagnoses at 4 years

TABLE 55 Regression coefficients: 4-year diabetes diagnoses

Mean SE 97.5% CI

Intercept –22.59 3.37 –30.15 to –15.04

Walking Away (Walking Away= 1, 0 otherwise) 0.46 0.34 –0.3 to 1.22

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) 0.23 0.35 –0.55 to 1.01

Cambridge (1 = at the Cambridge site, 0= otherwise) 0.07 0.31 –0.63 to 0.78

Female (1 = female, 0 otherwise) –0.18 0.28 –0.81 to 0.46

HbA1c (% scale) at baseline 1.59 0.61 0.23 to 2.96

HbA1c (% scale) at 1 year 1.78 0.38 0.93 to 2.63

Number of objectively measured steps per day/2000 at baseline –0.11 0.14 –0.42 to 0.19

Number of objectively measured steps per day/2000 at 1 year –0.04 0.13 –0.34 to 0.26

TABLE 54 Odds ratios: 4-year diabetes diagnoses

Mean 97.5% CI

Walking Away (Walking Away= 1, 0 otherwise) 1.58 0.74 to 3.39

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) 1.25 0.57 to 2.74

Cambridge (1 = at the Cambridge site, 0= otherwise) 1.08 0.53 to 2.18

Female (1 = female, 0 otherwise) 0.84 0.44 to 1.58

HbA1c (% scale) at baseline 4.92 1.26 to 19.3

HbA1c (% scale) at 4 years 5.94 2.54 to 13.88

Number of objectively measured steps per day/2000 at baseline 0.89 0.66 to 1.21

Number of objectively measured steps per day/2000 at 4 years 0.96 0.71 to 1.3
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TABLE 56 Covariance matrix: 4-year diabetes diagnoses

Intercept
Walking
Awaya

Walking
Away
Plusb Cambridgec Femaled

HbA1c

(%) at
baseline

HbA1c

(%) at
12 months

Steps per
day/2000 at
baseline

Steps per
day/2000 at
12 months

Intercept 11.3644 –0.0409 0.0222 0.2312 –0.0951 –1.5575 –0.2736 –0.0320 –0.0480

Walking
Awaya

–0.0409 0.1153 0.0613 0.0046 –0.0004 –0.0082 0.0057 –0.0004 –0.0020

Walking
Away Plusb

0.0222 0.0613 0.1214 0.0005 0.0009 –0.0075 –0.0043 –0.0010 –0.0028

Cambridgec 0.2312 0.0046 0.0005 0.0990 –0.0032 –0.0722 0.0294 –0.0003 –0.0050

Femaled –0.0951 –0.0004 0.0009 –0.0032 0.0804 –0.0082 0.0160 0.0009 0.0021

HbA1c (%) at
baseline

–1.5575 –0.0082 –0.0075 –0.0722 –0.0082 0.3712 –0.1070 0.0104 –0.0064

HbA1c (%) at
12 months

–0.2736 0.0057 –0.0043 0.0294 0.0160 –0.1070 0.1433 –0.0083 0.0121

Steps per
day/2000 at
baseline

–0.0320 –0.0004 –0.0043 –0.0003 0.0009 0.0104 –0.0083 0.0185 –0.0128

Steps per
day/2000 at
12 months

–0.0480 –0.0020 –0.0028 –0.0050 0.0021 –0.0064 0.0121 –0.0128 0.0181

a Walking Away= 1, other arms = 0.
b Walking Away Plus= 1, other arms = 0.
c Cambridge= 1, Leicester = 0.
d Female = 1, male = 0.
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Regressions used to estimate HbA1c at 1 year

TABLE 58 Dispersion parameter (natural logarithm link function): HbA1c at 1 year

Coefficients SE 97.5% CI

Intercept 6.902 0.826 5.051 to 8.752

Walking Away (1 =Walking Away, 0= otherwise) –0.290 0.105 –0.527 to –0.054

Walking Away Plus (1 =Walking Away Plus, 0= otherwise) –0.290 0.105 –0.526 to –0.055

HbA1c (% scale) at baseline –0.276 0.143 –0.596 to 0.045

Cambridge (1 =Cambridge site, 0= otherwise) –0.541 0.097 –0.758 to –0.324

Female (1 = female, 0= otherwise) 0.008 0.087 –0.186 to 0.203

TABLE 57 Mean effect (logit link function): HbA1c at 1 year

Coefficients SE 97.5% CI

Intercept –5.808 0.108 –6.05 to –5.566

Walking Away (1 =Walking Away, 0= otherwise) –0.018 0.014 –0.048 to 0.013

Walking Away Plus (1 =Walking Away Plus, 0= otherwise) –0.009 0.014 –0.04 to 0.021

HbA1c (%) at baseline 0.854 0.019 0.812 to 0.896

Cambridge (1 =Cambridge, 0= Leicester) –0.049 0.015 –0.082 to –0.015

White Irish (1 =white Irish, 0 = otherwise) –0.062 0.076 –0.232 to 0.109

Any other white background (1=Any other white background,
0= otherwise)

0.024 0.032 –0.048 to 0.096

White and black Caribbean (1=white and black Caribbean,
0= otherwise)

0.017 0.142 –0.302 to 0.336

White and black African (1 =white and black African,
0= otherwise)

–0.220 0.211 –0.693 to 0.253

White and Asian (1 =white and Asian, 0= otherwise) –0.240 0.248 –0.796 to 0.317

Any other mixed race (1= any other mixed race,
0= otherwise)

0.015 0.091 –0.188 to 0.219

Indian (1 = Indian, 0 = otherwise) 0.018 0.015 –0.015 to 0.051

Pakistani (1 = Pakistani, 0= otherwise) 0.006 0.053 –0.112 to 0.125

Bangladeshi (1 = Bangladeshi, 0 = otherwise) 0.420 0.169 0.041 to 0.798

Any other Asian background (1 = any other Asian background,
0= otherwise)

0.029 0.041 –0.064 to 0.121

Chinese (1 =Chinese, 0= otherwise) 0.065 0.108 –0.177 to 0.307

Any other (1 = any other, 0= otherwise) 0.099 0.142 –0.22 to 0.417

Black Caribbean (1 = black Caribbean, 0= otherwise) 0.022 0.039 –0.066 to 0.11

Black African (1 = black African, 0= otherwise) 0.016 0.036 –0.065 to 0.097

Any other black background (1 = any other black background,
0= otherwise)

0.000 0.095 –0.213 to 0.212

Female (1 = female, 0= otherwise) –0.017 0.011 –0.043 to 0.008
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TABLE 59 Covariance matrix: HbA1c at 1 year

Mean effect

Intercept
Walking
Away

Walking
Away Plus

HbA1c (%) at
baseline Cambridge White Irish

Any other
white
background

White
and
black
Caribbean

White
and
black
African

White
and Asian

Any other
mixed
race Indian

Intercept 0.01168105 1.27×10–6
–1.87145×10–5

–0.00201328 0.00045436 –0.00048038 –9.4 ×10–5
–0.00037 –5.5 ×10–5

–0.00039 3.32×10–5
–2.6×10–5

Walking Away 1.274×10–6 0.000189 7.44238×10–5
–1.3393×10–5 4.56248×10–7

–6.2896×10–5
–1.1 ×10–5

–4.7×10–5 7.83×10–5
–3×10–6

–3.9×10–6 5.79×10–6

Walking Away
Plus

–1.871×10–5 7.44×10–5 0.000186963 –1.0079×10–5 1.33188×10–6
–2.1033×10–5

–4×10–7
–7.2×10–5 7.76×10–5

–0.00011 –1.9×10–5 1.05×10–5

HbA1c (%) at
baseline

–0.0020133 –1.3 ×10–5
–1.00794×10–5 0.000351439 –9.0674×10–5 8.22148×10–5 8.17×10–6 6.75×10–5

–4.8 ×10–6 7.89×10–5
–1.7×10–5

–9.9×10–6

Cambridge 0.00045436 4.56×10–7 1.33188×10–6
–9.0674×10–5 0.000221747 –1.8629×10–5 3.39×10–6

–2.1×10–5
–0.00013 –0.00015 4.17×10–5 6.75×10–5

White Irish –0.0004804 –6.3 ×10–5
–2.10333×10–5 8.22148×10–5

–1.8629×10–5 0.005781883 5.42×10–5 9.39×10–5 5.67×10–6 7.99×10–5 3.99×10–5 4.15×10–5

Any other white
background

–9.366×10–5
–1.1 ×10–5

–4.00544×10–7 8.16684×10–6 3.38596×10–6 5.42122×10–5 0.001033 5.17×10–5 4.12×10–5 4.48×10–5 4.88×10–5 4.99×10–5

White and black
Caribbean

–0.0003684 –4.7 ×10–5
–7.18814×10–5 6.75379×10–5

–2.0932×10–5 9.3904×10–5 5.17×10–5 0.02028 –1.6 ×10–5 0.000136 4.05×10–5 3.42×10–5

White and black
African

–5.493×10–5 7.83×10–5 7.75578×10–5
–4.7795×10–6

–0.00013156 5.67286×10–6 4.12×10–5
–1.6×10–5 0.044524 6.79×10–5 2.8 ×10–5 1.73×10–5

White and
Asian

–0.0003921 –3×10–6
–0.000112439 7.88793×10–5

–0.00014909 7.98558×10–5 4.48×10–5 0.000136 6.79×10–5 0.061634 2.21×10–5
–9×10–6

Any other
mixed race

3.3198×10–5
–3.9 ×10–6

–1.92029×10–5
–1.7135×10–5 4.1678×10–5 3.99295×10–5 4.88×10–5 4.05×10–5 2.8×10–5 2.21×10–5 0.00822 6.27×10–5

Indian –2.554×10–5 5.79×10–6 1.05123×10–5
–9.8789×10–6 6.75188×10–5 4.15499×10–5 4.99×10–5 3.42×10–5 1.73×10–5

–9×10–6 6.27×10–5 0.000218

Pakistani 4.399×10–5 6.22×10–6
–2.83273×10–5

–2.0545×10–5 7.23032×10–5 3.65705×10–5 4.87×10–5 4.27×10–5 6.94×10–6 1.24×10–5 6.89×10–5 7.19×10–5

Bangladeshi 0.00044117 –0.00011 2.71825×10–6
–7.8058×10–5 9.07182×10–5 8.66005×10–5 5.67×10–5 7.61×10–5

–6.3 ×10–5
–1.4×10–5 5.19×10–5 6.53×10–5

Any other Asian
background

0.00029433 –3.2 ×10–6
–1.10377×10–5

–5.8925×10–5 5.50595×10–5 4.35291×10–5 4.86×10–5 5.45×10–5 4.18×10–6 3 ×10–5 5.57×10–5 5.97×10–5

Chinese 0.00026907 2.25×10–5 2.25703×10–5
–4.9943×10–5

–0.00011793 2.96131×10–5 4.31×10–5 3.26×10–5 0.000148 0.000113 2.45×10–5 8.38×10–6

Any other 0.00046847 7.95×10–5 7.92104×10–5
–9.0362×10–5

–0.00010848 3.61323×10–6 4×10–5 6.55×10–7 0.000182 8.04×10–5 2.13×10–5 1.28×10–5

Black Caribbean 0.00012424 –1.1 ×10–5 1.34193×10–5
–3.2102×10–5 7.63663×10–5 5.22836×10–5 5.1×10–5 4.98×10–5

–8×10–6
–3.3×10–6 5.72×10–5 6.97×10–5

Black African 3.5271×10–5
–9×10–6 6.75976×10–6

–1.9374×10–5 7.23844×10–5 4.50839×10–5 5.06×10–5 3.68×10–5 8.6×10–6
–1.2×10–5 6.31×10–5 7.27×10–5

Any other black
background

–0.0002078 5.23×10–5 2.30185×10–5 1.84499×10–5 6.15028×10–5 3.19581×10–5 4.79×10–5 2.84×10–5 3.56×10–5
–2×10–6 6.18×10–5 7.38×10–5

Female –4.409×10–5 4.55×10–6 2.04903×10–6
–3.8695×10–6

–1.5446×10–6
–3.6606×10–5

–1.5 ×10–6
–6.6×10–5 6.86×10–5

–6.4×10–5 2.17×10–5 1.38×10–5

Intercept –0.0049018 –1.6 ×10–5
–7.48844×10–6 0.000835017 –0.0002075 –3.7319×10–5 4.25×10–6 2.28×10–5 6.64×10–5

–0.00013 2.26×10–5 1.05×10–5

Walking Away 3.7877×10–6
–7.3 ×10–5

–2.89186×10–5 4.25617×10–6 6.27466×10–7
–2.6456×10–6

–3.5 ×10–7
–9.9×10–6 2.35×10–5

–1.1×10–6 8.43×10–6 6.87×10–7

Walking Away
Plus

1.043×10–5
–2.9 ×10–5

–7.23591×10–5 3.10822×10–6 6.227×10–7
–2.072×10–6

–3.4 ×10–7
–9.7×10–8 2.33×10–5

–5.2×10–5 2.83×10–6 6.61×10–7

HbA1c (%) at
baseline

0.00083196 7.63×10–6 6.23905×10–6
–0.00014301 3.82398×10–5 6.67894×10–6

–3.7 ×10–7
–2.3×10–6

–1.5 ×10–5 2.86×10–5
–4.2×10–6

–1.7×10–6

Cambridge –0.000173 3.14×10–7 3.36459×10–7 3.23157×10–5
–7.2197×10–5 1.81277×10–6 1.25×10–6

–3.3×10–6
–2.5 ×10–6

–4.6×10–5 1.84×10–7
–4×10–7

Female 2.592×10–5
–1.2 ×10–6

–9.69453×10–7
–3.0131×10–7 2.98605×10–6

–4.5358×10–6
–3.5 ×10–6

–1.1×10–5 1.21×10–5
–3.7×10–5

–2.1×10–6
–9.2×10–7
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Dispersion

Pakistani Bangladeshi

Any other
Asian
background Chinese

Any
other

Black
Caribbean

Black
African

Any other
black
background Female Intercept

Walking
Away

Walking
Away
Plus

HbA1c

(%) at
baseline Cambridge Female

4.4×10–5 0.000441 0.000294 0.000269 0.000468 0.000124 3.53×10–5
–0.00021 –4.4×10–5

–0.0049 3.79×10–6 1.04×10–5 0.000832 –0.00017 2.59×10–5

6.22×10–6
–0.00011 –3.2 ×10–6 2.25×10–5 7.95×10–5

–1.1 ×10–5
–9×10–6 5.23×10–5 4.55×10–6

–1.6×10–5
–7.3 ×10–5

–2.9×10–5 7.63×10–6 3.14×10–7
–1.2 ×10–6

–2.8 ×10–5 2.72×10–6
–1.1 ×10–5 2.26×10–5 7.92×10–5 1.34×10–5 6.76×10–6 2.3 ×10–5 2.05×10–6

–7.5×10–6
–2.9 ×10–5

–7.2×10–5 6.24×10–6 3.36×10–7
–9.7 ×10–7

–2.1 ×10–5
–7.8×10–5

–5.9 ×10–5
–5×10–5

–9×10–5
–3.2 ×10–5

–1.9 ×10–5 1.84×10–5
–3.9×10–6 0.000835 4.26×10–6 3.11×10–6

–0.00014 3.23×10–5
–3×10–7

7.23×10–5 9.07×10–5 5.51×10–5
–0.00012 –0.00011 7.64×10–5 7.24×10–5 6.15×10–5

–1.5×10–6
–0.00021 6.27×10–7 6.23×10–7 3.82×10–5

–7.2×10–5 2.99×10–6

3.66×10–5 8.66×10–5 4.35×10–5 2.96×10–5 3.61×10–6 5.23×10–5 4.51×10–5 3.2 ×10–5
–3.7×10–5

–3.7×10–5
–2.6 ×10–6

–2.1×10–6 6.68×10–6 1.81×10–6
–4.5 ×10–6

4.87×10–5 5.67×10–5 4.86×10–5 4.31×10–5 4 ×10–5 5.1×10–5 5.06×10–5 4.79×10–5
–1.5×10–6 4.25×10–6

–3.5 ×10–7
–3.4×10–7

–3.7 ×10–7 1.25×10–6
–3.5 ×10–6

4.27×10–5 7.61×10–5 5.45×10–5 3.26×10–5 6.55×10–7 4.98×10–5 3.68×10–5 2.84×10–5
–6.6×10–5 2.28×10–5

–9.9 ×10–6
–9.7×10–8

–2.3 ×10–6
–3.3×10–6

–1.1 ×10–5

6.94×10–6
–6.3×10–5 4.18×10–6 0.000148 0.000182 –8×10–6 8.6×10–6 3.56×10–5 6.86×10–5 6.64×10–5 2.35×10–5 2.33×10–5

–1.5 ×10–5
–2.5×10–6 1.21×10–5

1.24×10–5
–1.4×10–5 3 ×10–5 0.000113 8.04×10–5

–3.3 ×10–6
–1.2 ×10–5

–2×10–6
–6.4×10–5

–0.00013 –1.1 ×10–6
–5.2×10–5 2.86×10–5

–4.6×10–5
–3.7 ×10–5

6.89×10–5 5.19×10–5 5.57×10–5 2.45×10–5 2.13×10–5 5.72×10–5 6.31×10–5 6.18×10–5 2.17×10–5 2.26×10–5 8.43×10–6 2.83×10–6
–4.2 ×10–6 1.84×10–7

–2.1 ×10–6

7.19×10–5 6.53×10–5 5.97×10–5 8.38×10–6 1.28×10–5 6.97×10–5 7.27×10–5 7.38×10–5 1.38×10–5 1.05×10–5 6.87×10–7 6.61×10–7
–1.7 ×10–6

–4×10–7
–9.2 ×10–7

0.002776 5.42×10–5 6.35×10–5 5.3×10–6 2.59×10–6 6.62×10–5 7.19×10–5 7.39×10–5 1.89×10–5
–6.9×10–5

–2.4 ×10–6
–9.4×10–7 1.26×10–5

–2.8×10–6
–5×10–6

5.42×10–5 0.028498 8.9×10–5 5.51×10–6
–1×10–5 0.000104 7.98×10–5 2.66×10–5

–6.7×10–5
–6.4×10–5 3.25×10–5 7.97×10–7 9.65×10–6

–1.5×10–5 1.86×10–5

6.35×10–5 8.9 ×10–5 0.001718 2.93×10–5 3.23×10–5 7.17×10–5 6.27×10–5 5.36×10–5
–2.7×10–5

–7×10–6 8.18×10–7 3.52×10–6 1.07×10–6
–1.2×10–6 5.89×10–7

5.3×10–6 5.51×10–6 2.93×10–5 0.011652 0.00016 8.55×10–6 6.81×10–6 7.78×10–6 2.57×10–6 2.7×10–5 6.39×10–6 5.11×10–6
–5.9 ×10–6 1.61×10–5 1.72×10–6

2.59×10–6
–1×10–5 3.23×10–5 0.00016 0.020157 1.24×10–5 8.3×10–6 2.18×10–5 4.21×10–6

–1×10–5
–7.1 ×10–6

–6.9×10–6 1.75×10–6 2.45×10–5
–2.7 ×10–6

6.62×10–5 0.000104 7.17×10–5 8.55×10–6 1.24×10–5 0.001555 7.32×10–5 6.35×10–5
–2.5×10–5 1.78×10–5 2.89×10–6 3.57×10–7

–3.2 ×10–6
–1.3×10–6 1.41×10–6

7.19×10–5 7.98×10–5 6.27×10–5 6.81×10–6 8.3 ×10–6 7.32×10–5 0.001305 6.93×10–5 1.02×10–5 2.96×10–5 1.16×10–6 1.55×10–6
–5.1 ×10–6 1.83×10–7

–6.5 ×10–7

7.39×10–5 2.66×10–5 5.36×10–5 7.78×10–6 2.18×10–5 6.35×10–5 6.93×10–5 0.008951 1.82×10–5 1.36×10–5 3.72×10–6 1.02×10–5
–2.7 ×10–6

–4.9×10–7
–3×10–6

1.89×10–5
–6.7×10–5

–2.7 ×10–5 2.57×10–6 4.21×10–6
–2.5 ×10–5 1.02×10–5 1.82×10–5 0.00013 2.57×10–5

–1.2 ×10–6
–9.4×10–7

–3.5 ×10–7 3.18×10–6
–5×10–5

–6.9 ×10–5
–6.4×10–5

–7×10–6 2.7×10–5
–1×10–5 1.78×10–5 2.96×10–5 1.36×10–5 2.57×10–5 0.681713 –0.00081 –0.00238 –0.11749 0.026507 –0.00171

–2.4 ×10–6 3.25×10–5 8.18×10–7 6.39×10–6
–7.1×10–6 2.89×10–6 1.16×10–6 3.72×10–6

–1.2×10–6
–0.00081 0.011124 0.005188 –0.00076 2.39×10–6 0.000162

–9.4 ×10–7 7.97×10–7 3.52×10–6 5.11×10–6
–6.9×10–6 3.57×10–7 1.55×10–6 1.02×10–5

–9.4×10–7
–0.00238 0.005188 0.011018 –0.00048 –9.1×10–5 3.41×10–5

1.26×10–5 9.65×10–6 1.07×10–6
–5.9 ×10–6 1.75×10–6

–3.2 ×10–6
–5.1 ×10–6

–2.7×10–6
–3.5×10–7

–0.11749 –0.00076 –0.00048 0.020484 –0.00508 –0.00033

–2.8 ×10–6
–1.5×10–5

–1.2 ×10–6 1.61×10–5 2.45×10–5
–1.3 ×10–6 1.83×10–7

–4.9×10–7 3.18×10–6 0.026507 2.39×10–6
–9.1×10–5

–0.00508 0.009399 –0.00026

–5×10–6 1.86×10–5 5.89×10–7 1.72×10–6
–2.7×10–6 1.41×10–6

–6.5 ×10–7
–3×10–6

–5×10–5
–0.00171 0.000162 3.41×10–5

–0.00033 –0.00026 0.007521
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Regressions used to estimate HbA1c at 4 years

TABLE 60 Mean effect (logit link function): HbA1c at 4 years

Coefficients SE 97.5% CI

Intercept –6.428 0.163 –6.795 to –6.062

Walking Away (Walking Away= 1, 0 otherwise) –0.004 0.019 –0.046 to 0.038

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) –0.016 0.019 –0.057 to 0.026

HbA1c (%) at baseline 0.272 0.042 0.178 to 0.365

Cambridge (1 =Cambridge, 0= Leicester) 0.689 0.042 0.595 to 0.783

White Irish (1 =white Irish, 0 = otherwise) –0.132 0.019 –0.175 to –0.089

Any other white background (1 = any other white background,
0= otherwise)

0.246 0.086 0.054 to 0.439

White and black Caribbean (1 =white and black Caribbean, 0= otherwise) 0.090 0.039 0.001 to 0.178

White and black African (1 =white and black African, 0 = otherwise) 0.106 0.141 –0.211 to 0.423

White and Asian (1=white and Asian, 0 = otherwise) 0.280 0.206 –0.181 to 0.741

Any other mixed race (1= any other mixed race, 0 = otherwise) –0.255 0.189 –0.678 to 0.168

Indian (1 = Indian, 0 = otherwise) –0.005 0.129 –0.293 to 0.284

Pakistani (1 = Pakistani, 0= otherwise) 0.020 0.022 –0.03 to 0.07

Bangladeshi (1 = Bangladeshi, 0= otherwise) –0.002 0.079 –0.178 to 0.175

Any other Asian background (1 = any other Asian background,
0= otherwise)

–0.022 0.316 –0.73 to 0.687

Chinese (1 =Chinese, 0= otherwise) –0.024 0.056 –0.149 to 0.102

Any other (1 = any other, 0= otherwise) –0.061 0.118 –0.326 to 0.203

Black Caribbean (1 = black Caribbean, 0= otherwise) 0.142 0.166 –0.229 to 0.514

Black African (1 = black African, 0= otherwise) 0.044 0.059 –0.089 to 0.177

Any other black background (1 = any other black background,
0= otherwise)

0.170 0.054 0.05 to 0.29

Female (1 = female, 0 otherwise) –0.008 0.140 –0.322 to 0.306
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TABLE 61 Dispersion parameter (natural logarithm link function): HbA1c at 4 years

Coefficients SE 97.5% CI

Intercept 9.624 0.923 7.555 to 11.693

Walking Away (Walking Away= 1, 0 otherwise) –0.274 0.112 –0.524 to –0.024

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) –0.258 0.111 –0.508 to –0.009

HbA1c (% scale) at baseline 0.658 0.247 0.104 to 1.212

Cambridge (1 =Cambridge site, 0= otherwise) –1.571 0.238 –2.103 to –1.038

Female (1 = female, 0 otherwise) 0.190 0.105 –0.045 to 0.424
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TABLE 62 Covariance matrix: HbA1c at 4 years

Mean effect Dispersion

Intercept
Walking
Away

Walking
Away Plus

HbA1c (%)
at baseline Cambridge White Irish

Any other
white
background

White and
black
Caribbean

White
and black
African

White
and Asian

Any other
mixed race Indian Pakistani

Intercept 0.02668525 –2.84×10
–5

–4.94×10
–5

–0.00205223 –0.0025428 0.00083728 –0.00128 –0.00023 –0.00071 –0.00046 –0.00123 –0.00025 0.000116

Walking Away –2.84×10
–5

0.00035 0.000142219 –8.21×10
–5

6.13×10
–5

8.49×10
–6

–9.35×10
–5

–1.76×10
–5

–0.00013 0.000157 5.18×10
–6

4.06×10
–5

1.14×10
–5

Walking Away
Plus

–4.94×10
–5

0.000142 0.000345322 –6.42×10
–5

4.73×10
–5

5.68×10
–6

–5.92×10
–5

–1.21×10
–5

–8.09×10
–5

0.000154 –0.00019 –1.29×10
–6

2.23×10
–5

HbA1c (%) at
baseline

–0.0020522 –8.21×10
–5

–6.42×10
–5

0.001756146 –0.00136559 –0.00029728 0.000171 5.23×10
–5

0.000128 –0.00027 –9.47×10
–5

5.70×10
–5

–2.39×10
–5

Cambridge –0.0025428 6.13×10
–5

4.73×10
–5

–0.00136559 0.001777184 0.000122123 4.27×10
–5

–2.32×10
–5

5.47×10
–6

0.000306 0.000322 –4.06×10
–5

–2.74×10
–5

White Irish 0.00083728 8.49×10
–6

5.68×10
–6

–0.00029728 0.000122123 0.00037068 7.69×10
–6

–3.51×10
–6

–6.80×10
–5

–0.00013 –0.00017 7.51×10
–5

0.000151

Any other white
background

–0.0012811 –9.35×10
–5

–5.92×10
–5

0.000171217 4.27×10
–5

7.69×10
–6

0.007397 9.83×10
–5

0.000156 –1.22×10
–6

0.000125 9.78×10
–5

9.54×10
–5

White and black
Caribbean

–0.0002303 –1.76×10
–5

–1.21×10
–5

5.23×10
–5

–2.32×10
–5

–3.51×10
–6

9.83×10
–5

0.001557 9.93×10
–5

5.45×10
–5

9.00×10
–5

8.23×10
–5

8.16×10
–5

White and black
African

–0.0007135 –0.00013 –8.09×10
–5

0.000128317 5.47×10
–6

–6.80×10
–5

0.000156 9.93×10
–5

0.019946 –2.02×10
–5

0.000181 5.52×10
–5

4.81×10
–5

White and Asian –0.0004594 0.000157 0.00015444 –0.00026641 0.000305801 –0.00013221 –1.22×10
–6

5.45×10
–5

–2.02×10
–5

0.042328 9.84×10
–5

6.76×10
–5

3.53×10
–5

Any other mixed
race

–0.0012265 5.18×10
–6

–0.000192553 –9.47×10
–5

0.000322395 –0.00017357 0.000125 9.00×10
–5

0.000181 9.84×10
–5

0.035556 4.00×10
–5

–2.08×10
–5

Indian –0.0002492 4.06×10
–5

–1.29×10
–6

5.70×10
–5

–4.06×10
–5

7.51×10
–5

9.78×10
–5

8.23×10
–5

5.52×10
–5

6.76×10
–5

4.00×10
–5

0.016569 0.000128

Pakistani 0.00011563 1.14×10
–5

2.23×10
–5

–2.39×10
–5

–2.74×10
–5

0.000150831 9.54×10
–5

8.16×10
–5

4.81×10
–5

3.53×10
–5

–2.08×10
–5

0.000128 0.0005

Bangladeshi –0.0003298 1.14×10
–5

–7.40×10
–5

8.12×10
–5

–4.89×10
–5

0.000131257 0.000127 8.77×10
–5

7.21×10
–5

–4.71×10
–6

5.72×10
–5

0.000139 0.00015

Any other Asian
background

0.00227908 –0.00023 –1.43×10
–5

0.000502176 –0.00089263 0.000142868 9.43×10
–5

0.000102 0.000132 –0.00026 –0.00022 9.84×10
–5

0.00017

Chinese 0.00055667 3.50×10
–6

1.68×10
–5

–3.86×10
–5

–7.35×10
–5

9.77×10
–5

7.52×10
–5

8.41×10
–5

7.96×10
–5

3.40×10
–6

2.52×10
–5

9.67×10
–5

0.000123

Any other 0.00067394 7.63×10
–5

2.19×10
–5

–4.11×10
–5

–8.24×10
–5

–0.00013231 4.73×10
–6

7.14×10
–5

5.87×10
–5

0.000183 0.000136 4.90×10
–5

2.29×10
–5

Black Caribbean 0.00143976 0.00014 0.000144648 7.12×10
–5

–0.00033453 –0.00012866 –4.78×10
–5

6.63×10
–5

9.21×10
–6

0.000202 5.21×10
–6

5.46×10
–5

3.99×10
–5

Black African 0.00027153 –5.64×10
–6

1.12×10
–5

–2.98×10
–5

–4.13×10
–5

0.000162537 0.0001 8.56×10
–5

7.11×10
–5

–1.57×10
–5

–7.59×10
–6

0.000121 0.000156

Any other black
background

0.00014486 1.84×10
–6

3.60×10
–5

–5.67×10
–5

2.28×10
–7

0.000162753 9.64×10
–5

8.17×10
–5

5.12×10
–5

3.15×10
–5

–3.00×10
–5

0.000125 0.000161

Female –0.0005473 0.00011 8.33×10
–5

9.97×10
–5

–4.37×10
–5

0.000121935 0.0001 8.19×10
–5

2.53×10
–5

8.10×10
–5

–2.16×10
–5

0.000147 0.000159

Intercept –9.90×10
–5

5.66×10
–6

–5.14×10
–7

–2.98×10
–5

1.81×10
–5

9.50×10
–7

–2.44×10
–5

–1.76×10
–5

–9.39×10
–5

0.000171 –8.57×10
–5

3.23×10
–5

2.36×10
–5

Walking Away 0.00063747 –3.66×10
–5

2.69×10
–5

–7.15×10
–5

–5.09×10
–5

–7.41×10
–5

2.99×10
–5

–2.99×10
–5

6.23×10
–5

0.000161 5.25×10
–5

4.84×10
–5

4.74×10
–5

Walking Away
Plus

–0.0092943 –1.82×10
–5

–1.82×10
–5

0.001177174 0.000389326 –0.00028142 0.000191 5.83×10
–5

0.000133 0.000137 –1.36×10
–5

0.000187 1.68×10
–5

HbA1c (%) at
baseline

2.72×10
–5

–0.00013 –5.27×10
–5

2.57×10
–5

–2.12×10
–5

–5.49×10
–7

1.22×10
–5

1.12×10
–6

1.67×10
–5

–1.68×10
–5

–8.40×10
–7

1.70×10
–6

2.36×10
–6

HbA1c (%) at
12 months

2.15×10
–5

–5.28×10
–5

–0.000129436 2.05×10
–5

–1.53×10
–5

8.66×10
–7

8.39×10
–6

3.20×10
–6

4.85×10
–6

–1.57×10
–5

4.53×10
–6

–1.17×10
–5

1.85×10
–6

Cambridge 0.00108424 2.69×10
–5

2.13×10
–5

–0.00063212 0.000435711 9.56×10
–5

–4.48×10
–5

–5.92×10
–6

–3.02×10
–5

7.28×10
–6

–4.20×10
–5

–2.39×10
–5

1.86×10
–6

Female 0.00049063 –1.45×10
–5

–9.19×10
–6

0.000419803 –0.00049193 –4.08×10
–5

1.29×10
–5

–3.86×10
–6

6.37×10
–6

–2.53×10
–5

4.41×10
–5

–7.25×10
–6

–4.85×10
–6
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Bangladeshi

Any other
Asian
background Chinese Any other

Black
Caribbean

Black
African

Any other
black
background Female Intercept

Walking
Away

Walking
Away Plus

HbA1c (%)
at baseline

HbA1c

(%) at
12 months Cambridge Female

–0.00033 0.002279 0.000557 0.000674 0.00144 0.000272 0.000145 –0.00055 –9.90×10
–5

0.000637 –0.00929 2.72×10
–5

2.15×10
–5

0.001084 0.000491

1.14×10
–5

–0.00023 3.50×10
–6

7.63×10
–5

0.00014 –5.64×10
–6

1.84×10
–6

0.00011 5.66×10
–6

–3.66×10
–5

–1.82×10
–5

–0.00013 –5.28×10
–5

2.69×10
–5

–1.45×10
–5

–7.40×10
–5

–1.43×10
–5

1.68×10
–5

2.19×10
–5

0.000145 1.12×10
–5

3.60×10
–5

8.33×10
–5

–5.14×10
–7

2.69×10
–5

–1.82×10
–5

–5.27×10
–5

–0.00013 2.13×10
–5

–9.19×10
–6

8.12×10
–5

0.000502 –3.86×10
–5

–4.11×10
–5

7.12×10
–5

–2.98×10
–5

–5.67×10
–5

9.97×10
–5

–2.98×10
–5

–7.15×10
–5

0.001177 2.57×10
–5

2.05×10
–5

–0.00063 0.00042

–4.89×10
–5

–0.00089 –7.35×10
–5

–8.24×10
–5

–0.00033 –4.13×10
–5

2.28×10
–7

–4.37×10
–5

1.81×10
–5

–5.09×10
–5

0.000389 –2.12×10
–5

–1.53×10
–5

0.000436 –0.00049

0.000131 0.000143 9.77×10
–5

–0.00013 –0.00013 0.000163 0.000163 0.000122 9.50×10
–7

–7.41×10
–5

–0.00028 –5.49×10
–7

8.66×10
–7

9.56×10
–5

–4.08×10
–5

0.000127 9.43×10
–5

7.52×10
–5

4.73×10
–6

–4.78×10
–5

0.0001 9.64×10
–5

0.0001 –2.44×10
–5

2.99×10
–5

0.000191 1.22×10
–5

8.39×10
–6

–4.48×10
–5

1.29×10
–5

8.77×10
–5

0.000102 8.41×10
–5

7.14×10
–5

6.63×10
–5

8.56×10
–5

8.17×10
–5

8.19×10
–5

–1.76×10
–5

–2.99×10
–5

5.83×10
–5

1.12×10
–6

3.20×10
–6

–5.92×10
–6

–3.86×10
–6

7.21×10
–5

0.000132 7.96×10
–5

5.87×10
–5

9.21×10
–6

7.11×10
–5

5.12×10
–5

2.53×10
–5

–9.39×10
–5

6.23×10
–5

0.000133 1.67×10
–5

4.85×10
–6

–3.02×10
–5

6.37×10
–6

–4.71×10
–6

–0.00026 3.40×10
–6

0.000183 0.000202 –1.57×10
–5

3.15×10
–5

8.10×10
–5

0.000171 0.000161 0.000137 –1.68×10
–5

–1.57×10
–5

7.28×10
–6

–2.53×10
–5

5.72×10
–5

–0.00022 2.52×10
–5

0.000136 5.21×10
–6

–7.59×10
–6

–3.00×10
–5

–2.16×10
–5

–8.57×10
–5

5.25×10
–5

–1.36×10
–5

–8.40×10
–7

4.53×10
–6

–4.20×10
–5

4.41×10
–5

0.000139 9.84×10
–5

9.67×10
–5

4.90×10
–5

5.46×10
–5

0.000121 0.000125 0.000147 3.23×10
–5

4.84×10
–5

0.000187 1.70×10
–6

–1.17×10
–5

–2.39×10
–5

–7.25×10
–6

0.00015 0.00017 0.000123 2.29×10
–5

3.99×10
–5

0.000156 0.000161 0.000159 2.36×10
–5

4.74×10
–5

1.68×10
–5

2.36×10
–6

1.85×10
–6

1.86×10
–6

–4.85×10
–6

0.006196 0.000131 0.00011 1.18×10
–5

–9.87×10
–6

0.000148 0.000145 0.000159 1.86×10
–5

1.74×10
–5

4.39×10
–6

–5.10×10
–6

–3.07×10
–6

–3.21×10
–7

3.91×10
–7

0.000131 0.099857 0.00021 3.17×10
–5

0.000168 0.000215 0.000178 9.28×10
–5

–0.0001 0.000102 0.000146 1.90×10
–5

4.26×10
–6

–6.10×10
–6

–1.91×10
–5

0.00011 0.00021 0.003137 6.55×10
–5

9.21×10
–5

0.000141 0.000128 0.00011 –6.10×10
–5

6.08×10
–5

2.79×10
–5

5.89×10
–7

–6.19×10
–6

–8.17×10
–6

3.48×10
–6

1.18×10
–5

3.17×10
–5

6.55×10
–5

0.013933 0.000236 1.97×10
–5

1.72×10
–5

2.56×10
–5

1.04×10
–7

0.000141 –7.94×10
–5

4.20×10
–6

1.10×10
–5

–1.50×10
–5

2.70×10
–5

–9.87×10
–6

0.000168 9.21×10
–5

0.000236 0.02748 3.56×10
–5

3.53×10
–5

6.09×10
–5

–5.90×10
–7

0.000167 –0.00013 –2.29×10
–5

–2.40×10
–5

–5.24×10
–6

2.93×10
–5

0.000148 0.000215 0.000141 1.97×10
–5

3.56×10
–5

0.003522 0.000162 0.000148 –3.36×10
–5

3.72×10
–5

6.89×10
–5

2.08×10
–6

3.94×10
–6

–6.90×10
–6

–4.64×10
–6

0.000145 0.000178 0.000128 1.72×10
–5

3.53×10
–5

0.000162 0.002877 0.000158 1.41×10
–5

4.79×10
–5

6.05×10
–5

–3.72×10
–6

–5.19×10
–7

–6.18×10
–6

–2.46×10
–6

0.000159 9.28×10
–5

0.00011 2.56×10
–5

6.09×10
–5

0.000148 0.000158 0.019623 3.04×10
–5

2.13×10
–5

4.41×10
–5

1.45×10
–5

1.45×10
–5

–2.23×10
–5

1.33×10
–5

1.86×10
–5

–0.0001 –6.10×10
–5

1.04×10
–7

–5.90×10
–7

–3.36×10
–5

1.41×10
–5

3.04×10
–5

0.000256 5.68×10
–5

0.000151 –1.85×10
–6

4.88×10
–7

3.57×10
–6

–1.93×10
–5

1.74×10
–5

0.000102 6.08×10
–5

0.000141 0.000167 3.72×10
–5

4.79×10
–5

2.13×10
–5

5.68×10
–5

0.002259 –0.00018 1.08×10
–5

–1.15×10
–5

2.83×10
–5

6.51×10
–6

4.39×10
–6

0.000146 2.79×10
–5

–7.94×10
–5

–0.00013 6.89×10
–5

6.05×10
–5

4.41×10
–5

0.000151 –0.00018 0.852306 –0.00272 –0.00193 –0.07844 –0.06705

–5.10×10
–6

1.90×10
–5

5.89×10
–7

4.20×10
–6

–2.29×10
–5

2.08×10
–6

–3.72×10
–6

1.45×10
–5

–1.85×10
–6

1.08×10
–5

–0.00272 0.012435 0.005718 –0.00188 0.001336

–3.07×10
–6

4.26×10
–6

–6.19×10
–6

1.10×10
–5

–2.40×10
–5

3.94×10
–6

–5.19×10
–7

1.45×10
–5

4.88×10
–7

–1.15×10
–5

–0.00193 0.005718 0.012395 –0.0018 0.001151

–3.21×10
–7

–6.10×10
–6

–8.17×10
–6

–1.50×10
–5

–5.24×10
–6

–6.90×10
–6

–6.18×10
–6

–2.23×10
–5

3.57×10
–6

2.83×10
–5

–0.07844 –0.00188 –0.0018 0.061058 –0.04622

3.91×10
–7

–1.91×10
–5

3.48×10
–6

2.70×10
–5

2.93×10
–5

–4.64×10
–6

–2.46×10
–6

1.33×10
–5

–1.93×10
–5

6.51×10
–6

–0.06705 0.001336 0.001151 –0.04622 0.056499
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Regressions used to estimate step count at 1 year

TABLE 63 Mean effect (logit link function): step count at 1 year

Coefficients SE 97.5% CI

Intercept –2.390 0.044 –2.488 to –2.291

Walking Away (Walking Away= 1, 0 otherwise) 0.107 0.033 0.033 to 0.18

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) 0.153 0.031 0.083 to 0.224

HbA1c (%) at baseline 0.000 0.000 0 to 0

Cambridge (1 =Cambridge, 0= Leicester) 0.021 0.031 –0.047 to 0.09

White Irish (1 =white Irish, 0 = otherwise) –0.115 0.167 –0.49 to 0.259

Any other white background (1 = any other white background,
0= otherwise)

0.044 0.074 –0.121 to 0.209

White and black Caribbean (1 =white and black Caribbean, 0= otherwise) 0.194 0.283 –0.441 to 0.829

White and black African (1 =white and black African, 0 = otherwise) 0.283 0.383 –0.575 to 1.142

White and Asian (1=white and Asian, 0 = otherwise) –0.936 0.524 –2.11 to 0.238

Any other mixed race (1= any other mixed race, 0 = otherwise) 0.467 0.209 –0.002 to 0.937

Indian (1 = Indian, 0 = otherwise) 0.000 0.036 –0.081 to 0.081

Pakistani (1 = Pakistani, 0= otherwise) –0.086 0.126 –0.368 to 0.196

Bangladeshi (1 = Bangladeshi, 0= otherwise) 0.537 0.377 –0.308 to 1.381

Any other Asian background (1 = any other Asian background,
0= otherwise)

0.118 0.096 –0.097 to 0.332

Chinese (1 =Chinese, 0= otherwise) 0.167 0.207 –0.296 to 0.63

Any other (1 = any other, 0= otherwise) 0.361 0.263 –0.228 to 0.95

Black Caribbean (1 = black Caribbean, 0= otherwise) 0.115 0.099 –0.107 to 0.338

Black African (1 = black African, 0= otherwise) 0.042 0.086 –0.151 to 0.236

Any other black background (1 = any other black background,
0= otherwise)

0.305 0.210 –0.165 to 0.775

Female (1 = female, 0 otherwise) –0.030 0.027 –0.089 to 0.03
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TABLE 64 Dispersion parameter (natural logarithm link function): step count at 1 year

Coefficients SE 97.5% CI

Intercept 4.086 0.134 3.786 to 4.386

Walking Away (Walking Away= 1, 0 otherwise) –0.385 0.107 –0.624 to –0.147

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) –0.263 0.107 –0.502 to –0.024

Steps per day at baseline 0.000 0.000 0 to 0

Cambridge (1 =Cambridge site, 0= otherwise) –0.163 0.092 –0.368 to 0.043

Female (1 = Female, 0 otherwise) 0.141 0.088 –0.057 to 0.339
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TABLE 65 Covariance matrix: step count at 1 year

Mean effect

Intercept
Walking
Away

Walking
Away Plus

HbA1c (%)
at baseline Cambridge White Irish

Any other
white
background

White
and black
Caribbean

White and
black
African

White
and Asian

Any other
mixed race Indian

Intercept 0.00193265 –0.00036 –0.000369582 –1.5178×10–7
–0.00030847 9.97443×10–5

–3.6×10–5 0.000178 –0.00062 0.001837 –0.00047 –0.00047

Walking Away –0.0003645 0.001068 0.000416316 –9.4668×10–9
–2.7216×10–6

–0.00044113 –5.9×10–5
–0.00029 0.000422 8.41×10–5

–2.4 ×10–6 4.76×10–5

Walking Away
Plus

–0.0003696 0.000416 0.000978441 –7.1833×10–9
–1.1548×10–5

–0.0001514 2.86×10–5
–0.0003 0.000421 –0.00047 –4.1 ×10–5 6.66×10–5

HbA1c (%) at
baseline

–1.518×10–7
–9.5×10–9

–7.18331×10–9 2.15418×10–11
–1.0852×10–8

–2.1758×10–8
–2.6×10–8

–1.1 ×10–8 2.15×10–8
–2.2 ×10–7 6.3×10–9

–1.3 ×10–9

Cambridge –0.0003085 –2.7×10–6
–1.15484×10–5

–1.0852×10–8 0.000935282 0.000166638 2.31×10–5 1.66×10–5
–0.00055 –0.0004 0.000328 0.000377

White Irish 9.9744×10–5
–0.00044 –0.000151401 –2.1758×10–8 0.000166638 0.027945404 0.000314 0.000452 –0.00013 0.000446 0.00027 0.000276

Any other white
background

–3.567×10–5
–5.9×10–5 2.86014×10–5

–2.571×10–8 2.309×10–5 0.000314217 0.005421 0.000287 0.00018 0.000487 0.000234 0.000248

White and black
Caribbean

0.00017763 –0.00029 –0.000301125 –1.1099×10–8 1.6609×10–5 0.000452123 0.000287 0.080284 –0.00012 0.00064 0.000204 0.000193

White and black
African

–0.0006218 0.000422 0.000421119 2.1456×10–8
–0.0005474 –0.00012505 0.00018 –0.00012 0.146829 –1.9 ×10–5 9.93×10–5 9.72×10–5

White and Asian 0.0018367 8.41×10–5
–0.000468563 –2.1616×10–7

–0.00040483 0.000445753 0.000487 0.00064 –1.9×10–5 0.274366 –3.2 ×10–5
–1.7 ×10–5

Any other mixed
race

–0.0004707 –2.4×10–6
–4.12575×10–5 6.29849×10–9 0.000327689 0.000269742 0.000234 0.000204 9.93×10–5

–3.2 ×10–5 0.043837 0.00039

Indian –0.0004653 4.76×10–5 6.66208×10–5
–1.3299×10–9 0.00037658 0.000276016 0.000248 0.000193 9.72×10–5

–1.7 ×10–5 0.00039 0.001316

Pakistani –0.0004641 3.76×10–5
–0.000157389 5.09095×10–9 0.000391296 0.000263382 0.000225 0.000227 3.85×10–5 3.98×10–5 0.00041 0.000408

Bangladeshi –0.0004025 –0.00068 –1.04155×10–5 4.88589×10–8 0.000377875 0.000623237 0.000271 0.000497 –0.00029 –0.00048 0.00035 0.000362

Any other Asian
background

–0.0002354 –7.8×10–6
–1.14241×10–5

–1.9693×10–9 0.000242511 0.000331483 0.000261 0.000337 5.16×10–6 0.000221 0.000307 0.000327

Chinese –9.7 ×10–5 0.000107 0.000101136 2.21523×10–9
–0.00052423 0.000113654 0.000234 0.000203 0.000606 0.000481 5.29×10–5 3.85×10–5

Any other –3.612×10–5 0.000431 0.000442138 –3.4388×10–8
–0.00051619 2.22469×10–5 0.000269 8.38×10–5 0.00077 0.000709 3.22×10–5 6.78×10–5

Black Caribbean –0.000366 –5.8×10–5 8.41236×10–5
–1.6477×10–9 0.000396329 0.000361077 0.000268 0.000282 –2×10–5 1.22×10–5 0.000371 0.000404

Black African –0.0004746 –6.3×10–5 5.34539×10–5 6.06544×10–9 0.000389854 0.000324925 0.00025 0.000226 4.5 ×10–5
–0.00011 0.000392 0.000413

Any other black
background

–0.0004291 0.000309 0.000151912 –2.4315×10–8 0.000404414 0.000185735 0.000255 0.000123 0.000183 0.0002 0.000393 0.000434

Female –0.0004668 3.04×10–5
–2.63701×10–6 1.31019×10–8

–2.077×10–5
–0.00018246 –5.8×10–5

–0.00034 0.000396 –0.00044 0.0001 6.17×10–5

Intercept –0.0006987 0.000163 0.000148375 4.27813×10–8 5.89622×10–5 7.01862×10–5 1.57×10–5 6.91×10–5 0.000127 –0.00028 –0.0003 3.54×10–6

Walking Away 0.00019612 –0.00049 –0.000209668 1.08735×10–9 9.87538×10–6 2.2003×10–5
–2.3×10–5 1.72×10–5

–3.3×10–5 3.16×10–6 9.41×10–6
–6.6 ×10–6

Walking Away
Plus

0.00016285 –0.00021 –0.000442601 3.6398×10–9 1.97067×10–5
–1.0454×10–5

–1.9×10–5 5.85×10–5
–2.6×10–5 0.00014 0.00015 5.64×10–6

Step count at
baseline

3.8957×10–8 5.25×10–9 6.29062×10–9
–3.8561×10–12 5.06603×10–9

–8.8902×10–9 1.45×10–10
–1.1 ×10–8

–1.1×10–8 3.44×10–9 4.97×10–8 1.52×10–10

Cambridge 7.0941×10–5 9.73×10–6 1.47477×10–5 3.08143×10–9
–0.0003492 4.33316×10–6 4.61×10–6

–3×10–5 6.39×10–5 0.000145 5.66×10–5 2.24×10–6

Female 0.00020359 –7.7×10–6 8.56×10–6
–6.1292×10–9 2.11866×10–5

–4.4878×10–5
–3.7×10–6 2.99×10–5

–4.4×10–5 0.000142 –0.00011 –8.6 ×10–6
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Dispersion

Pakistani Bangladeshi

Any other
Asian
background Chinese

Any
other

Black
Caribbean

Black
African

Any other
black
background Female Intercept

Walking
Away

Walking
Away
Plus

Step
count at
baseline Cambridge Female

–0.00046 –0.0004 –0.00024 –9.7×10–5
–3.6 ×10–5

–0.00037 –0.00047 –0.00043 –0.00047 –0.0007 0.000196 0.000163 3.9×10–8 7.09×10–5 0.000204

3.76×10–5
–0.00068 –7.8×10–6 0.000107 0.000431 –5.8×10–5

–6.3×10–5 0.000309 3.04×10–5 0.000163 –0.00049 –0.00021 5.25×10–9 9.73×10–6
–7.7 ×10–6

–0.00016 –1×10–5
–1.1×10–5 0.000101 0.000442 8.41×10–5 5.35×10–5 0.000152 –2.6×10–6 0.000148 –0.00021 –0.00044 6.29×10–9 1.47×10–5 8.56×10–6

5.09×10–9 4.89×10–8
–2×10–9 2.22×10–9

–3.4 ×10–8
–1.6×10–9 6.07×10–9

–2.4 ×10–8 1.31×10–8 4.28×10–8 1.09×10–9 3.64×10–9
–3.9×10–12 3.08×10–9

–6.1 ×10–9

0.000391 0.000378 0.000243 –0.00052 –0.00052 0.000396 0.00039 0.000404 –2.1×10–5 5.9 ×10–5 9.88×10–6 1.97×10–5 5.07×10–9
–0.00035 2.12×10–5

0.000263 0.000623 0.000331 0.000114 2.22×10–5 0.000361 0.000325 0.000186 –0.00018 7.02×10–5 2.2 ×10–5
–1×10–5

–8.9×10–9 4.33×10–6
–4.5 ×10–5

0.000225 0.000271 0.000261 0.000234 0.000269 0.000268 0.00025 0.000255 –5.8×10–5 1.57×10–5
–2.3×10–5

–1.9 ×10–5 1.45×10–10 4.61×10–6
–3.7 ×10–6

0.000227 0.000497 0.000337 0.000203 8.38×10–5 0.000282 0.000226 0.000123 –0.00034 6.91×10–5 1.72×10–5 5.85×10–5
–1.1×10–8

–3×10–5 2.99×10–5

3.85×10–5
–0.00029 5.16×10–6 0.000606 0.00077 –2×10–5 4.5 ×10–5 0.000183 0.000396 0.000127 –3.3×10–5

–2.6 ×10–5
–1.1×10–8 6.39×10–5

–4.4 ×10–5

3.98×10–5
–0.00048 0.000221 0.000481 0.000709 1.22×10–5

–0.00011 0.0002 –0.00044 –0.00028 3.16×10–6 0.00014 3.44×10–9 0.000145 0.000142

0.00041 0.00035 0.000307 5.29×10–5 3.22×10–5 0.000371 0.000392 0.000393 0.0001 –0.0003 9.41×10–6 0.00015 4.97×10–8 5.66×10–5
–0.00011

0.000408 0.000362 0.000327 3.85×10–5 6.78×10–5 0.000404 0.000413 0.000434 6.17×10–5 3.54×10–6
–6.6×10–6 5.64×10–6 1.52×10–10 2.24×10–6

–8.6 ×10–6

0.015819 0.0003 0.000324 1.25×10–5
–2.7 ×10–5 0.000377 0.000402 0.000429 0.000103 4.17×10–5 1.55×10–5

–3.2 ×10–5
–5.4×10–9 2.51×10–5

–2.9 ×10–5

0.0003 0.141942 0.000433 –2×10–5
–0.00023 0.000528 0.000478 0.000135 –0.00033 5.77×10–5 7.91×10–5 9.04×10–6

–4×10–9
–2.4 ×10–5 2.15×10–5

0.000324 0.000433 0.009156 0.000109 0.000106 0.000372 0.000339 0.000322 –0.00018 6.21×10–5 3.19×10–6 8.29×10–7
–7.2×10–9 1.54×10–6 7.59×10–7

1.25×10–5
–2×10–5 0.000109 0.042662 0.000601 2.32×10–5 2.17×10–5 5.07×10–5

–8.6×10–8
–9.6×10–6

–6.7×10–5
–4×10–5 1.99×10–9 2.55×10–5 6.56×10–5

–2.7 ×10–5
–0.00023 0.000106 0.000601 0.069137 3.57×10–5 1.47×10–5 0.000189 –3.3×10–6 0.000125 –0.00012 –0.00012 –1.1×10–8 0.000149 4.36×10–6

0.000377 0.000528 0.000372 2.32×10–5 3.57×10–5 0.009845 0.000425 0.000392 –9.7×10–5 6.39×10–5
–6×10–6

–4.3 ×10–6
–6×10–9

–9.7 ×10–6
–4.4 ×10–6

0.000402 0.000478 0.000339 2.17×10–5 1.47×10–5 0.000425 0.007456 0.000399 3.14×10–5 2 ×10–5 2.21×10–7 2.15×10–5
–3.2×10–9 6.16×10–6

–9.3 ×10–7

0.000429 0.000135 0.000322 5.07×10–5 0.000189 0.000392 0.000399 0.043969 9.49×10–5 0.000116 –6.4×10–5
–3.1 ×10–5

–7.3×10–9
–5×10–5 1.11×10–5

0.000103 –0.00033 –0.00018 –8.6×10–8
–3.3 ×10–6

–9.7×10–5 3.14×10–5 9.49×10–5 0.00071 0.000207 –8.4×10–6 8.22×10–6
–7.2×10–9 2.55×10–5

–0.00032

4.17×10–5 5.77×10–5 6.21×10–5
–9.6×10–6 0.000125 6.39×10–5 2 ×10–5 0.000116 0.000207 0.017927 –0.00463 –0.00437 –1.4×10–6

–0.00183 –0.00464

1.55×10–5 7.91×10–5 3.19×10–6
–6.7×10–5

–0.00012 –6×10–6 2.21×10–7
–6.4 ×10–5

–8.4×10–6
–0.00463 0.011345 0.005335 –1×10–7

–6.7 ×10–5 0.000204

–3.2 ×10–5 9.04×10–6 8.29×10–7
–4×10–5

–0.00012 –4.3×10–6 2.15×10–5
–3.1 ×10–5 8.22×10–6

–0.00437 0.005335 0.011347 –1.1×10–7
–0.00027 –8.7 ×10–5

–5.4 ×10–9
–4×10–9

–7.2×10–9 1.99×10–9
–1.1 ×10–8

–6×10–9
–3.2×10–9

–7.3 ×10–9
–7.2×10–9

–1.4×10–6
–1×10–7

–1.1 ×10–7 1.98×10–10
–1.2 ×10–7 1.36×10–7

2.51×10–5
–2.4 ×10–5 1.54×10–6 2.55×10–5 0.000149 –9.7×10–6 6.16×10–6

–5×10–5 2.55×10–5
–0.00183 –6.7×10–5

–0.00027 –1.2×10–7 0.008392 –0.00045

–2.9 ×10–5 2.15×10–5 7.59×10–7 6.56×10–5 4.36×10–6
–4.4×10–6

–9.3×10–7 1.11×10–5
–0.00032 –0.00464 0.000204 –8.7 ×10–5 1.36×10–7

–0.00045 0.007778
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Regressions used to estimate step count at 4 years

TABLE 66 Mean effect (logit link function): step count at 4 years

Coefficients SE 97.5% CI

Intercept –2.555 0.052 –2.671 to –2.438

Walking Away (Walking Away= 1, 0 otherwise) –0.013 0.035 –0.091 to 0.066

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) 0.005 0.039 –0.082 to 0.092

HbA1c (%) at baseline 6.59E-05 7.76E-06 0 to 0

Cambridge (1 =Cambridge, 0= Leicester) 1.24E-04 7.69E-06 0 to 0

White Irish (1 =White Irish, 0= otherwise) 0.124 0.034 0.047 to 0.2

Any other white background (1 = any other white background,
0= otherwise)

0.164 0.169 –0.215 to 0.542

White and black Caribbean (1 =White and black Caribbean,
0= otherwise)

0.088 0.077 –0.086 to 0.262

White and black African (1 =White and black African, 0= otherwise) –0.481 0.314 –1.185 to 0.222

White and Asian (1=White and Asian, 0= otherwise) –0.152 0.469 –1.202 to 0.898

Any other mixed race (1 = any other mixed race, 0= otherwise) –0.854 0.463 –1.892 to 0.183

Indian (1 = Indian, 0 = otherwise) 0.032 0.251 –0.53 to 0.594

Pakistani (1 = Pakistani, 0= otherwise) 0.093 0.042 –0.002 to 0.187

Bangladeshi (1 = Bangladeshi, 0= otherwise) 0.169 0.162 –0.193 to 0.532

Any other Asian background (1 = any other Asian background,
0= otherwise)

0.413 0.355 –0.384 to 1.209

Chinese (1 =Chinese, 0= otherwise) –0.154 0.110 –0.401 to 0.093

Any other (1 = any other, 0= otherwise) 0.053 0.209 –0.416 to 0.523

Black Caribbean (1 = black Caribbean, 0= otherwise) –0.100 0.285 –0.738 to 0.539

Black African (1 = black African, 0= otherwise) 0.110 0.114 –0.144 to 0.365

Any other black background (1 = any other black background,
0= otherwise)

0.169 0.097 –0.048 to 0.386

Female (1 = female, 0 otherwise) 0.136 0.259 –0.445 to 0.718
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TABLE 67 Dispersion parameter (natural logarithm link function): step count at 4 years

Coefficients SE 97.5% CI

Intercept 3.594 0.143 3.274 to 3.914

Walking Away (Walking Away= 1, 0 otherwise) 0.029 0.113 –0.225 to 0.284

Walking Away Plus (Walking Away Plus = 1, 0 otherwise) –0.358 0.114 –0.614 to –0.102

Steps per day at baseline –4.23E-06 2.39E-05 0 to 0

Steps per day at 12 months –6.07E-05 2.32E-05 0 to 0

Cambridge (1 =Cambridge site, 0= otherwise) 0.072 0.098 –0.148 to 0.293

Female (1 = female, 0 otherwise) 0.480 0.094 0.269 to 0.691
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TABLE 68 Covariance matrix: step count at 4 years

Mean effect

Intercept
Walking
Away

Walking
Away Plus

HbA1c (%)
at baseline Cambridge White Irish

Any other
white
background

White and
black
Caribbean

White and
black
African

White
and Asian

Any other
mixed race Indian Pakistani

Intercept 2.72×10
–3

–4.51×10
–4

–3.81×10
–4

–1.21×10
–7

–8.53×10
–8

–4.30×10
–4

–1.18×10
–4

–4.02×10
–5

2.19×10
–4

–8.37×10
–4

1.89×10
–3

–3.53×10
–4

–6.61×10
–4

Walking Away –4.51×10
–4

1.22×10
–3

5.81×10
–4

–1.21×10
–9

–1.65×10
–8

–9.18×10
–6

–4.76×10
–4

–7.72×10
–5

–3.70×10
–4

5.70×10
–4

8.50×10
–5

6.47×10
–5

4.21×10
–5

Walking Away
Plus

–3.81×10
–4

5.81×10
–4

1.51×10
–3

1.03×10
–8

–3.45×10
–8

–7.53×10
–6

–2.15×10
–4

–8.11×10
–7

–3.02×10
–4

5.55×10
–4

–8.19×10
–4

–4.02×10
–5

5.79×10
–5

HbA1c (%) at
baseline

–1.21×10
–7

–1.21×10
–9

1.03×10
–8

6.02×10
–11

–4.49×10
–11

–8.92×10
–9

–3.60×10
–8

–2.37×10
–8

2.33×10
–8

6.29×10
–8

–3.95×10
–7

5.84×10
–8

–6.19×10
–9

Cambridge –8.53×10
–8

–1.65×10
–8

–3.45×10
–8

–4.49×10
–11

5.92×10
–11

–6.99×10
–9

2.32×10
–8

–8.30×10
–9

–3.19×10
–8

–4.53×10
–8

1.88×10
–7

–9.93×10
–8

8.19×10
–9

White Irish –4.30×10
–4

–9.18×10
–6

–7.53×10
–6

–8.92×10
–9

–6.99×10
–9

1.16×10
–3

4.62×10
–4

4.21×10
–5

–9.55×10
–5

–6.03×10
–4

–4.35×10
–4

4.09×10
–4

5.26×10
–4

Any other white
background

–1.18×10
–4

–4.76×10
–4

–2.15×10
–4

–3.60×10
–8

2.32×10
–8

4.62×10
–4

2.85×10
–2

3.88×10
–4

4.75×10
–4

–2.75×10
–4

4.05×10
–4

3.91×10
–4

4.94×10
–4

White and black
Caribbean

–4.02×10
–5

–7.72×10
–5

–8.11×10
–7

–2.37×10
–8

–8.30×10
–9

4.21×10
–5

3.88×10
–4

6.00×10
–3

3.62×10
–4

2.11×10
–4

5.70×10
–4

3.43×10
–4

3.19×10
–4

White and black
African

2.19×10
–4

–3.70×10
–4

–3.02×10
–4

2.33×10
–8

–3.19×10
–8

–9.55×10
–5

4.75×10
–4

3.62×10
–4

9.84×10
–2

–4.45×10
–5

5.27×10
–4

2.56×10
–4

2.09×10
–4

White and Asian –8.37×10
–4

5.70×10
–4

5.55×10
–4

6.29×10
–8

–4.53×10
–8

–6.03×10
–4

–2.75×10
–4

2.11×10
–4

–4.45×10
–5

2.20×10
–1

–2.38×10
–4

2.85×10
–4

1.14×10
–4

Any other mixed
race

1.89×10
–3

8.50×10
–5

–8.19×10
–4

–3.95×10
–7

1.88×10
–7

–4.35×10
–4

4.05×10
–4

5.70×10
–4

5.27×10
–4

–2.38×10
–4

2.14×10
–1

–5.51×10
–5

1.91×10
–5

Indian –3.53×10
–4

6.47×10
–5

–4.02×10
–5

5.84×10
–8

–9.93×10
–8

4.09×10
–4

3.91×10
–4

3.43×10
–4

2.56×10
–4

2.85×10
–4

–5.51×10
–5

6.29×10
–2

4.99×10
–4

Pakistani –6.61×10
–4

4.21×10
–5

5.79×10
–5

–6.19×10
–9

8.19×10
–9

5.26×10
–4

4.94×10
–4

3.19×10
–4

2.09×10
–4

1.14×10
–4

1.91×10
–5

4.99×10
–4

1.78×10
–3

Bangladeshi –7.74×10
–4

1.34×10
–4

–2.00×10
–4

–2.79×10
–8

4.96×10
–8

5.48×10
–4

4.76×10
–4

2.90×10
–4

1.95×10
–4

4.16×10
–5

2.59×10
–4

4.54×10
–4

5.85×10
–4

Any other Asian
background

–4.04×10
–4

–6.47×10
–4

5.21×10
–5

1.52×10
–7

–1.20×10
–7

5.66×10
–4

7.74×10
–4

3.47×10
–4

6.39×10
–4

–2.79×10
–4

–1.03×10
–3

5.53×10
–4

5.21×10
–4

Chinese –2.27×10
–4

5.68×10
–6

1.55×10
–4

1.47×10
–8

–2.80×10
–8

2.78×10
–4

4.64×10
–4

3.46×10
–4

3.99×10
–4

5.61×10
–5

1.66×10
–4

3.88×10
–4

4.19×10
–4

Any other –7.24×10
–5

1.97×10
–4

1.27×10
–4

2.19×10
–8

–3.30×10
–8

–5.68×10
–4

3.76×10
–6

2.96×10
–4

3.20×10
–4

7.37×10
–4

4.98×10
–4

1.85×10
–4

5.29×10
–5

Black Caribbean 6.07×10
–5

6.15×10
–4

6.57×10
–4

2.48×10
–8

–8.92×10
–8

–5.50×10
–4

–1.34×10
–4

3.27×10
–4

2.10×10
–4

9.70×10
–4

5.19×10
–4

2.77×10
–4

6.77×10
–5

Black African –5.21×10
–4

–1.13×10
–4

1.10×10
–4

1.55×10
–8

–1.43×10
–8

5.66×10
–4

5.93×10
–4

3.40×10
–4

3.28×10
–4

–4.23×10
–5

–1.25×10
–4

4.91×10
–4

5.69×10
–4

Any other black
background

–6.80×10
–4

–1.55×10
–5

6.90×10
–5

–5.13×10
–9

1.21×10
–8

5.57×10
–4

5.33×10
–4

3.21×10
–4

2.27×10
–4

6.72×10
–5

–4.16×10
–5

4.90×10
–4

5.85×10
–4

Female –4.74×10
–4

4.80×10
–4

3.25×10
–4

1.83×10
–8

–7.61×10
–8

5.85×10
–4

3.42×10
–4

3.45×10
–4

1.20×10
–4

3.25×10
–4

1.10×10
–4

6.91×10
–4

5.92×10
–4

Intercept –6.92×10
–4

1.33×10
–5

–5.30×10
–5

1.36×10
–8

6.56×10
–9

–4.27×10
–5

–1.84×10
–4

–6.19×10
–5

–3.63×10
–4

5.79×10
–4

–4.72×10
–4

1.87×10
–4

6.72×10
–5

Walking Away –1.11×10
–3

2.58×10
–4

1.26×10
–4

4.56×10
–8

1.98×10
–8

1.21×10
–4

6.96×10
–5

1.87×10
–5

1.71×10
–4

7.73×10
–5

4.37×10
–5

–2.07×10
–4

3.52×10
–5

Walking Away
Plus

2.53×10
–4

–5.85×10
–4

–2.96×10
–4

–3.06×10
–9

4.86×10
–9

1.43×10
–5

8.71×10
–5

–2.34×10
–5

–4.85×10
–5

1.07×10
–4

3.55×10
–5

2.70×10
–5

9.38×10
–6

Step count at
baseline

1.70×10
–4

–2.89×10
–4

–7.10×10
–4

–2.42×10
–9

1.28×10
–8

1.86×10
–5

5.38×10
–6

–2.18×10
–5

–3.28×10
–5

1.24×10
–4

1.57×10
–4

1.87×10
–4

1.22×10
–5

Step count at
12 months

4.45×10
–8

–3.03×10
–9

–1.28×10
–10

–1.80×10
–11

1.40×10
–11

–9.80×10
–10

–6.60×10
–9

–1.92×10
–9

2.96×10
–9

9.42×10
–9

–2.07×10
–8

1.03×10
–7

–2.74×10
–9

Cambridge 2.35×10
–8

4.09×10
–9

1.75×10
–8

1.38×10
–11

–1.62×10
–11

5.33×10
–9

1.53×10
–9

2.89×10
–9

–2.22×10
–8

–2.61×10
–8

–1.37×10
–8

–7.46×10
–8

2.34×10
–10

Female 9.10×10
–5

9.66×10
–6

1.62×10
–5

4.92×10
–10

7.20×10
–9

–4.41×10
–4

–7.68×10
–5

7.42×10
–6

–1.66×10
–5

–1.42×10
–4

3.68×10
–5

1.02×10
–4

–3.04×10
–6
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Dispersion

Bangladeshi

Any other
Asian
background Chinese Any other

Black
Caribbean

Black
African

Any other
black
background Female Intercept

Walking
Away

Walking
Away Plus

Step count
at baseline

Step
count at
12 months Cambridge Female

–7.74×10
–4

–4.04×10
–4

–2.27×10
–4

–7.24×10
–5

6.07×10
–5

–5.21×10
–4

–6.80×10
–4

–4.74×10
–4

–6.92×10
–4

–1.11×10
–3

2.53×10
–4

1.70×10
–4

4.45×10
–8

2.35×10
–8

9.10×10
–5

1.34×10
–4

–6.47×10
–4

5.68×10
–6

1.97×10
–4

6.15×10
–4

–1.13×10
–4

–1.55×10
–5

4.80×10
–4

1.33×10
–5

2.58×10
–4

–5.85×10
–4

–2.89×10
–4

–3.03×10
–9

4.09×10
–9

9.66×10
–6

–2.00×10
–4

5.21×10
–5

1.55×10
–4

1.27×10
–4

6.57×10
–4

1.10×10
–4

6.90×10
–5

3.25×10
–4

–5.30×10
–5

1.26×10
–4

–2.96×10
–4

–7.10×10
–4

–1.28×10
–10

1.75×10
–8

1.62×10
–5

–2.79×10
–8

1.52×10
–7

1.47×10
–8

2.19×10
–8

2.48×10
–8

1.55×10
–8

–5.13×10
–9

1.83×10
–8

1.36×10
–8

4.56×10
–8

–3.06×10
–9

–2.42×10
–9

–1.80×10
–11

1.38×10
–11

4.92×10
–10

4.96×10
–8

–1.20×10
–7

–2.80×10
–8

–3.30×10
–8

–8.92×10
–8

–1.43×10
–8

1.21×10
–8

–7.61×10
–8

6.56×10
–9

1.98×10
–8

4.86×10
–9

1.28×10
–8

1.40×10
–11

–1.62×10
–11

7.20×10
–9

5.48×10
–4

5.66×10
–4

2.78×10
–4

–5.68×10
–4

–5.50×10
–4

5.66×10
–4

5.57×10
–4

5.85×10
–4

–4.27×10
–5

1.21×10
–4

1.43×10
–5

1.86×10
–5

–9.80×10
–10

5.33×10
–9

–4.41×10
–4

4.76×10
–4

7.74×10
–4

4.64×10
–4

3.76×10
–6

–1.34×10
–4

5.93×10
–4

5.33×10
–4

3.42×10
–4

–1.84×10
–4

6.96×10
–5

8.71×10
–5

5.38×10
–6

–6.60×10
–9

1.53×10
–9

–7.68×10
–5

2.90×10
–4

3.47×10
–4

3.46×10
–4

2.96×10
–4

3.27×10
–4

3.40×10
–4

3.21×10
–4

3.45×10
–4

–6.19×10
–5

1.87×10
–5

–2.34×10
–5

–2.18×10
–5

–1.92×10
–9

2.89×10
–9

7.42×10
–6

1.95×10
–4

6.39×10
–4

3.99×10
–4

3.20×10
–4

2.10×10
–4

3.28×10
–4

2.27×10
–4

1.20×10
–4

–3.63×10
–4

1.71×10
–4

–4.85×10
–5

–3.28×10
–5

2.96×10
–9

2.22×10
–8

–1.66×10
–5

4.16×10
–5

–2.79×10
–4

5.61×10
–5

7.37×10
–4

9.70×10
–4

–4.23×10
–5

6.72×10
–5

3.25×10
–4

5.79×10
–4

7.73×10
–5

1.07×10
–4

1.24×10
–4

9.42×10
–9

–2.61×10
–8

–1.42×10
–4

2.59×10
–4

–1.03×10
–3

1.66×10
–4

4.98×10
–4

5.19×10
–4

–1.25×10
–4

–4.16×10
–5

1.10×10
–4

–4.72×10
–4

4.37×10
–5

3.55×10
–5

1.57×10
–4

–2.07×10
–8

–1.37×10
–8

3.68×10
–5

4.54×10
–4

5.53×10
–4

3.88×10
–4

1.85×10
–4

2.77×10
–4

4.91×10
–4

4.90×10
–4

6.91×10
–4

1.87×10
–4

–2.07×10
–4

2.70×10
–5

1.87×10
–4

1.03×10
–7

–7.46×10
–8

1.02×10
–4

5.85×10
–4

5.21×10
–4

4.19×10
–4

5.29×10
–5

6.77×10
–5

5.69×10
–4

5.85×10
–4

5.92×10
–4

6.72×10
–5

3.52×10
–5

9.38×10
–6

1.22×10
–5

–2.74×10
–9

2.34×10
–10

–3.04×10
–6

2.61×10
–2

3.51×10
–4

3.82×10
–4

2.27×10
–5

–4.89×10
–5

5.31×10
–4

5.87×10
–4

5.63×10
–4

6.15×10
–5

8.48×10
–5

3.59×10
–5

–3.38×10
–5

–1.08×10
–8

6.95×10
–9

1.60×10
–5

3.51×10
–4

1.26×10
–1

6.43×10
–4

–1.32×10
–5

–1.07×10
–4

7.89×10
–4

5.92×10
–4

4.02×10
–4

–3.79×10
–4

1.02×10
–4

1.00×10
–4

1.35×10
–5

–7.30×10
–9

–2.86×10
–9

–9.24×10
–5

3.82×10
–4

6.43×10
–4

1.21×10
–2

1.91×10
–4

2.72×10
–4

5.06×10
–4

4.37×10
–4

4.73×10
–4

–2.89×10
–4

5.16×10
–5

1.70×10
–6

–4.17×10
–5

4.55×10
–10

–9.53×10
–9

2.33×10
–5

2.27×10
–5

–1.32×10
–5

1.91×10
–4

4.39×10
–2

7.50×10
–4

2.08×10
–5

2.64×10
–5

1.52×10
–4

2.55×10
–5

1.53×10
–5

–9.37×10
–5

–3.85×10
–5

1.62×10
–8

–1.65×10
–8

–3.65×10
–6

–4.89×10
–5

–1.07×10
–4

2.72×10
–4

7.50×10
–4

8.10×10
–2

3.48×10
–5

2.56×10
–5

4.38×10
–4

–4.48×10
–5

1.53×10
–4

–1.11×10
–4

–1.18×10
–4

–4.60×10
–9

–1.29×10
–8

7.94×10
–5

5.31×10
–4

7.89×10
–4

5.06×10
–4

2.08×10
–5

3.48×10
–5

1.29×10
–2

5.99×10
–4

5.61×10
–4

–1.24×10
–4

7.85×10
–5

–1.14×10
–6

4.97×10
–7

–7.11×10
–9

1.08×10
–9

–3.12×10
–5

5.87×10
–4

5.92×10
–4

4.37×10
–4

2.64×10
–5

2.56×10
–5

5.99×10
–4

9.40×10
–3

5.77×10
–4

4.03×10
–5

1.09×10
–4

–1.28×10
–5

3.38×10
–5

–3.44×10
–9

–7.30×10
–9

–1.91×10
–5

5.63×10
–4

4.02×10
–4

4.73×10
–4

1.52×10
–4

4.38×10
–4

5.61×10
–4

5.77×10
–4

6.73×10
–2

4.90×10
–5

1.20×10
–4

–3.95×10
–5

–7.95×10
–6

–5.53×10
–9

–6.87×10
–9

–6.85×10
–5

6.15×10
–5

–3.79×10
–4

–2.89×10
–4

2.55×10
–5

–4.48×10
–5

–1.24×10
–4

4.03×10
–5

4.90×10
–5

9.54×10
–4

3.62×10
–4

7.88×10
–6

3.50×10
–5

–1.05×10
–8

–5.33×10
–9

3.94×10
–5

8.48×10
–5

1.02×10
–4

5.16×10
–5

1.53×10
–5

1.53×10
–4

7.85×10
–5

1.09×10
–4

1.20×10
–4

3.62×10
–4

2.04×10
–2

–4.90×10
–3

–4.06×10
–3

–1.06×10
–6

–6.15×10
–7

–1.85×10
–3

3.59×10
–5

1.00×10
–4

1.70×10
–6

–9.37×10
–5

–1.11×10
–4

–1.14×10
–6

–1.28×10
–5

–3.95×10
–5

7.88×10
–6

–4.90×10
–3

1.29×10
–2

6.00×10
–3

7.80×10
–9

–1.40×10
–7

–1.10×10
–4

–3.38×10
–5

1.35×10
–5

–4.17×10
–5

–3.85×10
–5

–1.18×10
–4

4.97×10
–7

3.38×10
–5

–7.95×10
–6

3.50×10
–5

–4.06×10
–3

6.00×10
–3

1.31×10
–2

9.44×10
–8

–3.14×10
–7

–2.58×10
–4

–1.08×10
–8

–7.30×10
–9

4.55×10
–10

1.62×10
–8

–4.60×10
–9

–7.11×10
–9

–3.44×10
–9

–5.53×10
–9

–1.05×10
–8

–1.06×10
–6

7.80×10
–9

9.44×10
–8

5.70×10
–10

–4.33×10
–10

–7.85×10
–8

6.95×10
–9

–2.86×10
–9

–9.53×10
–9

–1.65×10
–8

–1.29×10
–8

1.08×10
–9

–7.30×10
–9

–6.87×10
–9

–5.33×10
–9

–6.15×10
–7

–1.40×10
–7

–3.14×10
–7

–4.33×10
–10

5.38×10
–10

–8.12×10
–8

1.60×10
–5

–9.24×10
–5

2.33×10
–5

–3.65×10
–6

7.94×10
–5

–3.12×10
–5

–1.91×10
–5

–6.85×10
–5

3.94×10
–5

–1.85×10
–3

–1.10×10
–4

–2.58×10
–4

–7.85×10
–8

–8.12×10
–8

9.65×10
–3
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Appendix 13 Detailed breakdown of
health-care resource use

TABLE 69 Detailed breakdown of health-care resource use

Study arm (£)

Usual care Walking Away Walking Away Plus

Baseline total 717 620 626

Years 0–4

Primary care 484 474 541

Day patient/outpatient 859 1032 1313

Inpatient 487 712 1345

A&E 140 149 100

Prescriptions 116 178 102

Intervention 0 258 323

Total years 0–4 2086 2804 3724
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Appendix 14 Results of the within-trial
scenario analyses

TABLE 70 Results of the within-trial scenario analyses

Incremental QALYs Incremental costs (£) ICER (£/QALY)

Within-trial results when real-world costs are used and missing data are imputed

Usual care – – –

Walking Away Plus vs. usual care 0.02 1648 Dominated by WA

Walking Away vs. usual care 0.07 949 13,557

Within-trial results when trial costs are used and a complete-case analysis is conducted

Usual care – – –

Walking Away vs. usual care 0.12 1267 10,558

Walking Away Plus vs. Walking Away 0.02 1022 51,100

Within trial results when trial costs are used and missing data are imputed

Usual care – – –

Walking Away Plus vs. usual care 0.02 1460 Dominated by WA

Walking Away vs. usual care 0.07 664 9486
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Appendix 15 Adverse event reporting
rates PROPELS safety data

A total of 47 non-serious adverse events (AEs) were reported, 26 of which were directly related to
study procedures, namely exacerbated knee pain (one participant), musculoskeletal injury to lower

back and leg while increasing physical activity (one participant), and rash from the activity monitor or
its dressing (24 participants). The event of exacerbated knee pain led to the withdrawal of the participant
from the intervention. The non-serious AEs were reported equally in each study arm. The non-serious
AEs are as expected given the patient population, concomitant medical conditions and medication.
It should be noted that because diabetes diagnosis was an outcome measure, these data are not
discussed here unless the data disagree (i.e. a diagnosis of diabetes as reported by the participant and
reported in the database) but the diagnosis was not confirmed on subsequent review of clinical records
and biochemical data; in this case, an AE has been recorded but that patient is not discussed in the
outcome section.

No hypoglycaemic episodes were reported during the study.

A total of 50 serious AEs were reported: seven in the control arm, 15 in the Walking Away arm and
28 in the Walking Away Plus arm. The increase across the arms is likely to be because of the increased
contact with participants in each arm, namely clinic appointments only, clinic appointments plus face-
to-face sessions, or regular telephone calls, face-to-face sessions plus clinic visits, respectively. One SAE of
myocardial infarction was deemed possibly related to the intervention and led to the withdrawal of the
participant from the study. The other serious AEs were deemed unrelated to the intervention; however,
21 did lead to withdrawal from the study. The most common serious AEs were cancer, myocardial
infarction, stroke and hip replacement. A total of 19 serious AEs had fatal outcomes, 11 because of
cancers, three because of respiratory illness, four because of heart disease and one because of motor
neurone disease, all of which were unrelated to the study. The SAEs reported are as expected given the
patient population, concomitant medical conditions and medication.

TABLE 71 Number of serious and non-serious AEs recorded in the study overall and by study arm

Overall
(N= 1366), n (%)

Study arm, n (%)

Control
(N= 460)

Walking Away
(N= 450)

Walking Away
Plus (N= 456)

Non-serious AEs 47 (3.44) 17 (3.70) 14 (3.11) 16 (3.51)

Serious AEs 50 (3.66) 7 (1.52) 15 (3.33) 28 (6.14)
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TABLE 72 Individual non-serious AEs experienced by participants in the study, listed alphabetically, overall and by
study arm

Type of AE
Overall
(N= 1366), n (%)

Study arm, n (%)

Control
(N= 460)

Walking Away
(N= 450)

Walking Away
Plus (N= 456)

Allergic reaction to penicillin 1 (0.07) 1 (0.22)

Allergic rhinitis 1 (0.07) 1 (0.22)

Arthritis 1 (0.07) 1 (0.22)

Broken bone 3 (0.22) 2 (0.44) 1 (0.22)

Cancer diagnosis 2 (0.15) 1 (0.22) 1 (0.22)

Carpal tunnel release surgery 1 (0.07) 1 (0.22)

Chest pain 1 (0.07) 1 (0.22)

Depression: suicidal thoughts 1 (0.07) 1 (0.22)

Exacerbated knee paina 1 (0.07) 1 (0.22)

Fall 2 (0.15) 2 (0.44)

Head injury (concussion) 1 (0.07) 1 (0.22)

Hip replacement (pre-planned) 1 (0.07) 1 (0.22)

Musculoskeletal injury to lower back and legb 1 (0.07) 1 (0.22)

Panic attack 2 (0.15) 1 (0.22) 1 (0.22)

Plantar fasciitis 1 (0.07) 1 (0.22)

Rash from activity monitor or dressingc 24 (1.76) 12 (2.61) 5 (1.11) 7 (1.54)

Tooth complaint 1 (0.07) 1 (0.22)

T2D 2 (0.15) 1 (0.22) 1 (0.22)

a AE related to the study intervention. Participant was withdrawn from the intervention.
b AE related to the study intervention. Injuries occurred while increasing activity.
c AE related to study procedures, namely skin reaction to dressings used to fasten the activity monitor to leg or to

the monitor itself.

Note
Data are presented as numbers of unique participants.
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TABLE 73 Serious AEs experienced by participants in the study, listed alphabetically, with a breakdown of study arm

Type of AE
Overall
(N= 1366), n (%)

Study arm, n (%)

Control
(N= 460)

Walking Away
(N= 450)

Walking Away
Plus (N= 456)

Aspiration pneumonia 1 (0.07) 1 (0.22)

Broken bone 2 (0.15) 1 (0.22) 1 (0.22)

Brain haemorrhage 2 (0.15) 1 (0.22) 1 (0.22)

Cancer 13 (0.95) 5 (1.09) 2 (0.44) 6 (1.32)

Cardiac surgery 1 (0.07) 1 (0.22)

Cataract operation 2 (0.15) 1 (0.22) 1 (0.22)

Cellulitis 1 (0.07) 1 (0.22)

Chest pain 1 (0.07) 1 (0.22)

Decompensated heart failure 1 (0.07) 1 (0.22)

Epileptic seizure 1 (0.07) 1 (0.22)

Fall 1 (0.07) 1 (0.22)

Giant cell arteritis 1 (0.07) 1 (0.22)

Ischaemic heart disease 1 (0.07) 1 (0.22)

Kidney stone 1 (0.07) 1 (0.22)

Hip replacement 3 (0.29) 3 (0.87)

Hysterectomy (planned) 1 (0.07) 1 (0.22)

Knee replacement 1 (0.07) 1 (0.22)

Myocardial infarctiona 5 (0.37) 1 (0.22) 4 (0.88)b

Motor neurone disease 1 (0.07) 1 (0.22)

Perimyocarditis 1 (0.07) 1 (0.22)

Pneumonia 1 (0.07) 1 (0.22)

Pulmonary embolus 1 (0.07) 1 (0.22)

Removal of cancerous prostate 1 (0.07) 1 (0.22)

Sinusitis 1 (0.07) 1 (0.22)

Sprained knee (due to traffic accident) 1 (0.07) 1 (0.22)

Stroke 3 (0.29) 1 (0.22) 1 (0.22) 1 (0.22)

Thrombophlebitis (venepuncture injury) 1 (0.07) 1 (0.22)

a One MI in the Walking Away Plus arm was possibly related to the intervention. The participant had more than
doubled their step count in 7 days. PL11144 weekly step count at baseline was recorded at 11,581 steps. Their
weekly step count 1 week later was recorded at 24,050. This event may be related to the trial intervention, but this
is not possible to determine. The patient reported weekly step counts of 21,884, 22,434 and 22,301 following the
event with no further complaint of chest pain or breathlessness.

b Fatal outcome for a single patient.

Note
Data presented as number of unique participants.
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Appendix 16 Recently published physical
activity trials designed for delivery in
primary care
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TABLE 74 Summary of recently published, objectively evaluated, physical activity trials designed for delivery in primary care

Intervention Cohort/location

Objective
measurement
tool

Sample
size

12-month follow-up 24-month follow-up 36-month follow-up 48-month follow-up

N with
valid data

Intervention
effect

N with
valid data

Intervention
effect

N with
valid data

Intervention
effect

N with
valid data

Intervention
effect

Walking Away from
Diabetes:28 group-
based structured
education and
pedometer use.
Annual group-based
follow-on support
and telephone
contact at
6 months offered

Risk factors for
T2D defined
using the
Leicester
Diabetes Risk
Score/UK

Accelerometer
(Actigraph,
Pensacola,
FL, USA)

808 571 (71%) 411
(117 to 704)
steps/day

559 (69%) NS 551 (68%) NS No data

Let’s Prevent
Diabetes:131 6-hour
group-based
structured education
diabetes prevention
programme
promoting physical
activity (including
pedometer use), a
healthy dietary and
weight loss. Annual
group-based follow-
on support and
telephone coaching
every 3 months
offered

Prediabetes/UK Pedometer
(New Lifestyles
Inc., Lees
Summit,
MO, USA)

880 639 (73%) 552
(117 to 986)
steps/day

567 (64%) NS 487 (55%) 536
(13 to 1059)
steps/day

No data

IDES_2:151 one
individual physician
led theoretical
counselling session
and eight individual
theoretical and
practical counselling
sessions each year

Established
T2D/Italy

My Wellness
Key (Technogym,
Cesena, Italy)

300 NA 6.8 (5.2 to 8.4)
MVPA
minutes/day

NA 6.5 (4.5 to 8.6)
MVPA
minutes/day

NA 3.6 (1.4 to 5.9)
MVPA
minutes/day

No data
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Intervention Cohort/location

Objective
measurement
tool

Sample
size

12-month follow-up 24-month follow-up 36-month follow-up 48-month follow-up

N with
valid data

Intervention
effect

N with
valid data

Intervention
effect

N with
valid data

Intervention
effect

N with
valid data

Intervention
effect

PACE-UP132 postal or
nurse-led pedometer
intervention

Inactive
adults/UK

Accelerometer
(Actigraph)

1023 956 (93%) Postal: 642
(329 to 955)
steps/day

Nurse: 677
(365 to 989)
steps/day

No data 681 (67%) Postal: 627
(198 to 1056)
steps/day

Nurse: 670
(237 to 1102)

No data

PACE-LIFT:132 nurse-
led pedometer
intervention with
accelerometer
feedback

Inactive older
adults (aged
60–75 years)/
UK

Accelerometer
(Actigraph)

298 273 (93%) 610
(104 to 1117)
steps/day

No data No data 225 (76%) NS

EuroFIT:133 12 weekly,
90-minute sessions
delivered in football
grounds by football
coaches

Overweight and
obese men/UK,
Norway, the
Netherlands
and Portugal

Accelerometer
[ActivPAL (PAL
Technologies,
Glasgow, UK)]

1113 921 (83%) 678
(309 to 1048)
steps/day

No data No data No data

MVPA, moderate to vigorous physical activity.

Note
Data are mean (95% CI) difference in ambulatory activity compared with control at follow-up, unless stated otherwise.
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Appendix 17 Text messages used in the
Walking Away Plus arm of the PROPELS
programme

Participants in the Walking Away Plus arm of the study received support in the form of SMS text
messages generated from the list below.

#fname# means insert participant’s name, #year# means insert year of programme, #ltg# means insert
participant’s long-term goal etc.

Welcome and close-out

Welcome to PROPELS #fname#! We are here to provide you with feedback, tips and support over the next 12 months :-)

Welcome back to PROPELS year #year# #fname#!

Thank you for participating in the PROPELS study. As the study will soon finish, text messages and phone calls will be
phased out

Please keep up the good work as staying active benefits your health and well-being. We will contact you shortly to
arrange your final clinic visit

Congratulations and thank you for participating in the PROPELS study. The study has now finished...

You will no longer receive text messages, phone calls or clinical visits with the study team. Please refer to your GP for
future health checks

Birthday and New Year

Hi #fname#. We wanted to wish you a very happy birthday from the PROPELS team, have a wonderful day!

Hi #fname#. Wishing you a very happy new year from the PROPELS team!

Pedometer

Hi #fname#. This is a reminder to wear your pedometer every day from when you wake up until you go to bed and log
your step count in your activity diary

Hi #fname#. Try your best to maintain your usual activity this week so we get an accurate baseline to improve on!

Hi #fname#, we hope that everything is going well this week and you have started to make some small changes to
increase your activity :-)

Hi #fname# - just checking that you are wearing your pedometer and logging your steps;-)

Please text in your WEEKLY step count. Text STEPS followed by a space and the number of steps you have achieved in
total over the past 7 days e.g., STEPS 12095

Please text in your WEEKLY step count (e.g. STEPS 39473) and remember to use the converter if you have done any
other activities to get an accurate number

Hi #fname#. Please text in your WEEKLY step count by entering the number of steps you have achieved in total over
the past 7 days (e.g. STEPS 39473)

Hi #fname#. Just a reminder to wear your activity monitor and keep logging your daily steps :-)

Hi #fname#. Please text in your weekly step total when you get chance (e.g. STEPS 45372). Use your step converter to
record any other activities you have done

Please wear your pedometer and log your steps again this week ahead of your 6 month phone call. We will ring you at
some point over the next couple of weeks :-)

Hi #fname#! We hope you are well. Keep monitoring your steps every couple of weeks to see if you have kept up with
your activity goals :-)

Hi #fname#! Keep monitoring your steps every few weeks to see if you can keep increasing, working towards your
long-term step goal of #ltg# steps per week

Only one more week to go of wearing your pedometer and logging steps! Thanks again for all of your efforts so far :-)

You no longer need to log steps if you don’t want to. You’ll still hear from us every other week just to provide you with
reminders/tips for staying active :-)
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Thanks for the text! We’ve recorded your step count. Please remember that you are no longer required to text in
every week. Keep up the good work :-)

If you were trying to text in your weekly steps, we didn’t recognise it-perhaps try again? The format for entering steps
is STEPS XXXXX (e.g. STEPS 19874)

Encouragement from team

Hi #fname#, we hope you are getting on ok so far :-) Remember that a member of the PROPELS team will be phoning
you in the next few days

Hi #fname#, remember that small changes (no matter how small!) add up to increase your step count :-)

Hi #fname#. We hope you are doing well this week and keeping up with your activity plan :-)

Hi #fname#. A quick hello form the PROPELS team. Stay positive and keep moving :-) Have a great day!

Hi #fname#. Just a quick hello from the PROPELS team. We hope you are doing well with your activity plan this week -
keep up the good work!

Hi #fname#. Just a quick hello from the PROPELS team. We hope you are doing well with your activity plan this week -
stay positive and keep moving!

Hi #fname#. Just a quick hello from PROPELS.We hope you are continuing to reach your step goal most days and are
still enjoying your active lifestyle :-)

Hi #fname#.Just a quick hello from PROPELS.We hope you are continuing to increase your step count on most days to
enjoy the benefits of increased activity :-)

Hi #fname#. We are almost 6 months into PROPELS! Praise yourself for making this commitment to your health and
dramatically increasing your activity :-)

Hi #fname#. We are almost 6 months into PROPELS! Praise yourself for making this commitment to your health
increasing your activity :-)

Hi #fname#. Even if you have only been able to increase activity a little, this is still a great start. Keep making small
changes when you can :-)

Hi #fname#. Just a quick hello from the PROPELS team. We hope things are continuing to go well and you are keeping
up with your activity plan :-)

Hi #fname#. Just a quick hello from the PROPELS team. We hope things are going well and you are continuing to make
small changes to increase your walking :-)

Hi #fname#. Just a quick hello from the PROPELS team. We hope things are going well and you are keeping up with
your activity plan :-)

Hi #fname#.We hope you are well and finding your activity plan ok. Remember that any increase in step count,
no matter how small, is a fantastic achievement

Hi #fname#. We are almost 12 months in! You should feel really proud for making this commitment to your health and
signing up to PROPELS :-)

Hi #fname#. We are almost 2 years in! You should feel really proud for making this commitment to your health and
signing up to PROPELS :-)

Hi #fname#. We are almost 3 years in! You should feel really proud for making this commitment to your health and
signing up to PROPELS :-)

We are almost at the end of your 4 year involvement in PROPELS. Thanks again for your hard work and commitment
to this programme!

Thank you for your text. A member of the PROPELS team will phone you in the next few days to talk about your STEP
goals for the next few weeks :-)

Remember that once the WA programme ends you can still use the skills you have learnt, such as setting goals and
making plans, or using a pedometer :-)

Hi #fname#, Remember to attend your annual Walking Away Group Education session asap. The study team will
contact you shortly to arrange a suitable date :-)

Hi #fname#-we hope that you are continuing to enjoy the benefits of increased activity! Stay positive and keep moving :-)
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Benefits of physical activity

Hi #fname# :-) Remember that any increases in movement (no matter how small!) can help improve mood and
relieve stress!

Remember that walking is the single most effective form of exercise to reduce your risk of Type 2 Diabetes - it even
improves mood and relieves stress :-)

Hi #fname#, to try and increase your activity, remind yourself why you want to be more active-what are the benefits
that are most important to you?

Becoming more active again is the best way to reduce your risk of Type 2 Diabetes. It will also help to give you more
energy and improves concentration!

Moving around more has benefits you can’t always see! Even if you’re not losing weight, you’re improving your health
on the inside and that’s more important!

Becoming more active is the best way to reduce your risk of Type 2 Diabetes. It will also help to give you more energy
and improves concentration!

Moving more and sitting less can really help control blood pressure and even help improve your mood-remember to
make small changes wherever possible!

Walking more has benefits that you can’t always see! Even if you’re not losing weight, you’re improving your health on
the inside and that’s more important!

Moving around more has benefits you can’t always see! Even if you’re not losing weight, you’re improving your health
on the inside and that’s more important!

Hi #fname#-by walking more and sitting less, you can really improve your mood and even your sleep quality-remember
to make small changes wherever possible!

Hi #fname#-by moving more and sitting less you can really improve your mood and even your sleep quality-remember
to make small changes wherever possible!

Hi #fname#. Did you know that regular weight-bearing exercise promotes bone formation and may prevent many
forms of bone loss associated with aging?

Did you know that studies on the psychological effects of exercise have found that regular walking can improve your
mood and the way you feel about yourself?

Did you know that studies on the psychological effects of exercise have found that regular activity can improve your
mood and the way you feel about yourself?

Hi #fname#. Did you know that regular weight-bearing activity promotes bone formation and may prevent many forms
of bone loss associated with aging?

Hi #fname#. Did you know that including some weight-bearing activities into your daily routine may prevent many
forms of bone loss associated with aging?

Hi #fname#. By taking part in PROPELS and increasing physical activity over the next 12 months…you are significantly
reducing your risk of type 2 Diabetes

Exercise won’t make your stress disappear, but it can help to clear your thoughts and enable you to deal with any
problems more calmly

Remember that moderate exercise such as walking on most days of the week can help improve mood. Next time you
feel a bit low, try going outside for a walk :-)

By maintaining increases to your activity, you’ll be setting yourself up for a lifetime of better health and more energy
for everything else in your life :-)

By increasing your activity by even a little, you’ll be setting yourself up for a lifetime of better health and more energy
for everything else in your life :-)

A 2011 study found that people sleep significantly better and feel more alert during the day if they get at least
150 minutes of physical activity per week

Remember that any activity that gets your heart beating a little faster or makes you break a slight sweat is improving
the way your body handles glucose :-)

Don’t hold out for weight loss as a “reward”. Focus on other benefits, such as having more energy & improving your
health on the inside
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Working your muscles more often improves their ability to use insulin and absorb glucose.This puts less stress on the
insulin-making cells in your body :-)

We realise that making time for activity is tough! Remember - a 10 min. bout of any activity that raises your heart rate
a little has huge health benefits :-)

No matter what your weight, being active boosts good cholesterol. This keeps your blood flowing smoothly which
decreases your risk of cardiovascular diseases

Remember the numerous benefits of moving round more: Regular physical activity helps with digestion and promotes
regular bowel movements

Hi #fname#. By keeping up with the PROPELS program....you are continuing to lower your risk of type 2 diabetes

Barriers to physical activity

If you like, you can let us know about any barriers you had last week?TEXT:B1 for ILL HEALTH/INJURY,B2 for
ENERGY/MOTIVATION,B3 for TIME,B4 for OTHER/NO barrier

Sorry to hear you have not been 100% - try to keep moving as much as possible if you feel up to it. Hope you feel
better soon :-)

If you still feel unwell or you have an injury that won’t go, talk to your GP to see if you should carry on with your
activity plan :-)

Sorry to hear you have not been 100% – try to keep moving as much as possible – even a gentle walk for 10 minutes if
you feel up to it :-)

Keep setting yourself small goals, like taking the stairs as much as possible & reward yourself if you achieve this by
doing something you enjoy :-)

Thanks for the text :-) It’s tough to stay motivated - why not try writing down a list of pros and cons of being
more active?

Try doing just 10 minutes of slightly higher intensity activity each day this week instead of any longer bouts, so it can
fit your schedule better :-)

Keep setting yourself small goals, like going for a walk before dinner, & reward yourself if you achieve this by doing
something you enjoy at the end of week :-)

Thanks for the text :-) It’s tough to stay motivated - why not try writing down a list of pros and cons of walking more
each day?

Moving around more has benefits you can’t always see! Even if you’re not losing weight, you’re improving your health
on the inside and that’s more important!

We realise it can be difficult to get motivated, especially if it causes pain. Remember that even the smallest of changes
add up to benefit your health :-)

Walking more has benefits that you can’t always see! Even if you’re not losing weight, you’re improving your health on
the inside and that’s more important!

We realise it can be difficult to walk more, especially when things get in the way. Remember that even the smallest
changes add up to improve your health :-)

Why not try focusing on one really small change this week instead - like always taking the stairs instead of an escalator
or lift if there is a choice?

Spare yourself the stress of finding a good parking space and gain more energy by parking as far away from the shops
as possible this week :-)

Reject your inner couch potato! Walk or jog on the spot while you watch your favourite 30-minute TV show at home.
Try this twice this week :-)

Spare yourself the stress of finding a good parking space and gain more energy by parking as far away from the shops
as possible this week :-)

Try to fit in small bouts of activity wherever you can this week - remember even small amounts of movements add up
and can help you to feel better :-)

You don’t need to get all your activity at one time-10 minutes morning, noon and night can give you the same benefits
as 30 mins in one go :-)

Remember-small bouts of activity are equally effective as 30 mins straight! Any movement or activity that gets your
heart rate up a bit is better than nothing :
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You don’t need to get all your walking done in one go-10 minutes morning, noon and night can give you the same
benefits as 30 mins in one go :-)

Fitting in 3x 10 min bouts of moderate intensity activity is just as effective as 30 minutes straight. Promise yourself
you’ll try this out this week :-)

Even if you’re glued to your phone, you don’t have to be glued to your seat! Try to move around while on the phone-
even simple arm movements..it all adds up :-)

Even if you’re glued to your phone, you don’t have to be glued to your seat! Make it a habit this week to talk and walk
whenever possible :-)

Remember-small bouts of activity are effective! Every time you go upstairs this week, try going up & down a few
times instead

Make a commitment that you will turn ‘sit’ time into ‘fit’ time & move around as much as possible-even standing up and
sitting down more whilst watching TV!

Remember-small bouts of activity are equally effective as 30 mins straight! Simply walking a bit faster than usual this
week is a good thing to try :-)

Make a commitment that you will turn ‘sit’ time into ‘fit’ time this week & move around as much as possible-even
walking on the spot whilst watching TV!

Don’t worry about how long it takes you to reach your goals-what’s important is that you find ways to be active that
you’ll stick with :-)

It can be difficult to increase activity. Keep reminding yourself of why you want to increase activity? How would life be
different if you became more active?

Thanks for the text. We’ll try to provide you with some helpful tips-This week, promise yourself that you will move
around more in your home whenever possible :-)

Thanks for the text. We’ll try to provide you with some helpful tips-This week, why not promise yourself that you will
walk instead of drive wherever possible?

Hints and tips

Hi #fname#. We realise it can be difficult to make time for activity, but remember that you can break it up into
10 minute bouts if that makes it easier?

To try and increase your steps this week, try to move more at home where possible. Try doing the housework or
gardening a little more vigorously if you can :-)

Remember that the gym isn’t a necessity-if you don’t feel like going, try going for short brisk walks instead, perhaps
just before dinner or after work?

Remember that the gym isn’t a necessity-If you don’t feel like going, try moving around more at home, such as standing
up more whilst watching TV :-)

Make a commitment to yourself that you will leave the car at home or not get the bus for trips that are less than
2 miles this week!

Make a commitment to yourself that you will turn ‘sit’ time into ‘fit’ time this week and move around as much as
possible whilst at home :-)

Reject your inner couch potato! Try walking on the spot during the ad breaks to your favourite TV show this week to
help increase your step count :-)

Reject your inner couch potato! Try jogging on the spot during the ad breaks to your favourite TV show this week to
help increase your step count :-)

Try to focus on reducing time spent sitting this week-it can be easier to make small changes. Think about any times last
week you could have sat down less?

No time for activity this week? No worries! Whilst on the phone, make sure you are walking and talking….it all adds up :-)

Seated exercises are a great way to build strength and balance. Try marching whilst sitting, making arm circles and
moving from sitting to standing this week!

We realise that walking can be a difficult activity if it causes pain or discomfort. Seated exercises are a great
alternative for staying healthy and mobile :-)

No time for activity this week? No worries! Whilst on the phone, make sure you are walking and talking….it all adds up :-)
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Seated exercises are a great way to build strength and balance. Try marching whilst sitting, making arm circles and
moving from sitting to standing this week!

We realise that walking can be a difficult activity if it causes pain or discomfort. Seated exercises are a great
alternative for staying healthy and mobile :-)

Hi #fname#. Remember that your body performs at its best when it’s properly hydrated - make sure you are drinking
plenty of water!

Hi #fname# - why not promise yourself that you will walk instead of drive for journeys less than 1 mile this week?

Hi #fname# - why not promise yourself that you will try to take the stairs whenever there is an option this week?

Every time you brush your teeth-do some squats! Pretend you are sitting back towards an imaginary chair, make sure
your knees don’t go in front of your toes

This week, every time you brush your teeth-walk on the spot. This will add a few minutes extra activity each day :-)

Put on a CD for 15 mins and allot a certain number of songs to complete each chore, e.g., allow 2 songs to vacuum the
lounge and so on. Try this twice this week.

This week-put on a CD and allot a certain number of songs to complete each chore, e.g., allow 2 songs to vacuum the
lounge, 3 songs to wash the dishes by hand….

Stretch out your chores this week to get your step count up e.g. when hanging washing on the line, make a trip back
and forth for each item. Every step counts!

Try to stretch out your chores this week to add an extra few minutes of activity. For example, make multiple trips to
hang washing on the line instead of one.

Try to time yourself walking 1 mile (approx.2000 steps) and take your pulse before and after this activity. See if this
changes as you increase your activity?

Remember to schedule your walks for times in the day or week when you feel most energetic. You’ll be more likely to
stick to it!

Remember to schedule your activity for times in the day or week when you feel most energetic. You’ll be more likely to
stick to it!

Schedule activity as you would an important appointment. Block off times and make sure your friends and family are
aware of your commitment :-)

In the same way that you kept a diary of your activity for PROPELS, why not try keeping a food and drink diary to
monitor your diet for a couple of weeks?

Before your evening meal, take a moment to relax with deep breathing or take a leisurely walk. Stress causes
overeating, so chill out before you eat!

If you’d rather not spend a penny on exercise equipment...2 tins of beans can serve as a couple of hand weights for
some arm raises while you watch TV this week

Hi #fname# - why not promise yourself that you will walk instead of drive for journeys less than 1 mile this week?

Hi #fname# - why not promise yourself that you will swap ONE journey usually made by car or public transport for
walking this week?

Put on a CD for 15 mins and allot a certain number of songs to complete each chore e.g. allow 2 songs to vacuum the
lounge and so on. Try this twice this week

Every time you brush your teeth-do some squats! Pretend you are sitting back towards an imaginary chair, make sure
your knees don’t go in front of your toes

This week, every time you brush your teeth-walk on the spot. This will add a few minutes extra activity each day :-)

Spare yourself the stress of finding a good parking space and increase your step count further by parking as far away
from the shops as possible this week :-)

We realise that walking is not the easiest activity, so focus on increasing the distance you can walk without taking a
break, even if only by a small amount :-)

Spare yourself the stress of finding a good parking space and gain more energy by parking as far away from the shops
as possible this week :-)

We realise that walking might not always be the easiest activity, so focus on other activities and use the converter in
your diary to turn these into ‘steps’ :-)
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We realise it can be difficult to make time for activity-try setting aside 15 minutes for a brisk walk, perhaps just before
dinner every other day this week?

It can be tough to make time for a walk, but try to set aside specific days & times, making it just as much a regular part
of your schedule as everything else :-)

We realise it can be difficult to make time for activity-try setting aside 10 minutes for a brisk walk, perhaps just before
dinner every other day this week?

Try to focus on reducing time sitting this week-it can be easier to make small changes that way. Was there any time
last week you could have sat down less?

Every time you are active this week, take a minute to savour the good feeling that exercise gives you. This type of
internal reward can help you to stay active.

Each time you are active, take a minute to savour the good feelings that exercise gives you. This type of internal reward
helps you make a commitment to activity.

If it’s hard to find time for a walk this week, don’t fall back on excuses! Schedule a brisk walk as you would any other
important activity.

If it’s hard to find time for activity this week, don’t fall back on excuses! Schedule activity as you would any other
important activity.

If you manage to go for a walk during the next week, try to think about how you feel after it-More energy? Less
stressed? Better or worse than before you went?

Hit the hay! It’s difficult to be happy, let alone active, if you are tired and struggling to find enough energy to get
through the day :-)

A 2006 study found that laughing for 15 minutes each day can help you burn 10 to 40 calories, depending on your
body size and the intensity of your laughter

A recent study demonstrated that pedometer users lost more weight, and walked about 2,500 steps more per day than
those who didn’t use a pedometer

Happiness researchers found that people are happy when they get what they want (not surprisingly) and when they
appreciate what they already have :-)

Studies have shown that kindness is contagious: When people see others doing something kind, they’re more likely to
give as well

Studies show that individuals who express gratitude on a regular basis have better health, optimism, progress toward
goals, well-being, and help others more

Goals and goal-setting

Congratulations! You have achieved your long term goal of approx. #fb1# per day-that’s #fb2# more per week than
when you started! Well done and keep it up :-)

Congratulations #fname# on achieving your short term goal. You have increased by roughly #fb3# steps per day-that’s
#fb2# more per week than when you started!

Thanks for the text #fname#. Keep wearing your monitor and logging your steps and try to make small changes so that
you reach your goal next week :-)

Congratulations #fname#! You have continued to increase your weekly physical activity. That’s fantastic progress..keep
up the hard work :-)

Hi #fname# Well done for maintaining your weekly step total - we realise how tough this can be each week! You are
making fantastic progress - keep it up :-)

Thanks for the text! You decreased slightly from last week but not to worry-keep making small changes and you will
soon be achieving your goal every week :-)

Thanks for the text. We realise that increasing your activity is not always easy. Keep it up and hopefully you will
increase a little next week :-)

Remember to keep setting a new goal every few weeks to keep up your hard work. If you achieve this goal, reward
yourself by doing something you enjoy!

Remember to keep setting yourself a new goal every couple of weeks, to keep up your hard work. This might be ‘taking
the stairs whenever possible’ :-)
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Remember to keep setting yourself a new goal every couple of weeks, to keep up your hard work. This might be ‘taking
a short walk once per day if possible’ :-)

Remember to keep setting yourself a new goal every week in order to keep making progress. This might be ‘taking the
stairs whenever possible’ :-)

Remember to keep setting yourself a new goal every week in order to keep making progress. This might be ‘taking a
short walk once per day if possible’ :-)

Keep setting yourself small goals like going for a 10 minute walk twice per day, every day this week. Reward yourself if
you achieve this at the end of the week.

Hi #fname#, keep setting yourself small goals like taking the stairs as much as possible and reward yourself if you
achieve this at the end of the week :-)

Hi #fname# Well done for maintaining your weekly step total - this is a great achievement! Keep up your hard work :-)

You are making really great progress on reaching your long-term step goal! Keep up the good work, stay positive and
keep moving :-)

Well done for maintaining your weekly activity-we realise how tough this can be! You are making great progress
towards achieving your long term goal-keep it up!

Thanks! You decreased slightly from last week but keep making small changes and you will soon be back on track and
getting closer to your long term goal :-)

Thanks for the text. Increasing activity is a challenge. You will receive a text shortly that will help us to provide you
with relevant tips for getting active

Thanks for the text! You decreased slightly from last week but not to worry-keep making small changes and you will
soon be achieving your goal every week :-)

Congratulations again! You have continued to increase your weekly steps, which is brilliant - well done!

Congratulations! You have managed to maintain your weekly steps which is brilliant - keep making small changes to
get one step closer to your long-term goal :-)

Thanks for the text :-) We realise that increasing your activity can be really tough. We’ll contact you shortly to try and
provide some helpful suggestions

Thanks! You decreased a bit from last week but not to worry-you will receive a text shortly that will help us provide
you with relevant tips for getting active

Congratulations on making more progress - you are doing great! Keep up the good work, stay positive and
keep moving :-)

Thanks for the text. We’ll send you another text shortly so that we can try to give you further suggestions for
increasing activity, even if only by a little :-)

Remember that small bouts of activity, such as a brisk 10-15 minute walk before dinner each day will help you to
maintain your long-term step goal :-)

Remember that small bouts of activity throughout the day, such as a little walk before dinner, will help you to maintain
your long-term step goal :-)

You did well to reach your long term goal so soon! Small bouts of activity, such as a 10 min. walk before dinner will
help you to reach that target every week :-)

You did well to reach your long term goal so soon! Remember that small bouts of activity throughout the day will help
you to reach that target every week :-)

You are making great progress! Keep setting aside specific days and times for a walk to make it just as much a part of
your regular schedule as anything else :-)

You are making great progress! Keep setting aside specific days and times for activity to make it just as much a part of
your regular schedule as anything else!

You have made really great progress towards your long term goal and increased your step count significantly over the
past few weeks. Keep up the good work :-)

To help you to reach your short term goal this week - why not try setting aside 15 minutes every day before dinner for
a brisk walk?

To help you to reach your short term goal-try setting aside 15 minutes every day to move around more in the house -
that will soon get your step count up :-)
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It can be tough to stay motivated-try to think about the pros and cons of being more active? How would things be
different if you increased your walking?

It can be tough to stay motivated-try to think about the pros and cons of being more active? How would things be
different if you were more active?

Studies have shown that keeping up with goal-setting (e.g.10,000 per day) is important, even if you don’t reach it every
day. This goal should be a challenge:-)

Studies have shown that keeping up with goal-setting around your chosen activity is important for maintaining it, even
if you don’t reach it every day :-)

DOI: 10.3310/hta25770 Health Technology Assessment 2021 Vol. 25 No. 77

Copyright © 2021 Khunti et al. This work was produced by Khunti et al. under the terms of a commissioning contract issued by the Secretary of State for Health and Social
Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use, distribution,
reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/. For attribution the
title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

189







EME
HS&DR
HTA
PGfAR
PHR
Part of the NIHR Journals Library
www.journalslibrary.nihr.ac.uk

This report presents independent research funded by the National Institute for Health Research (NIHR).  
The views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR or the  
Department of Health and Social Care

Published by the NIHR Journals Library


	Health Technology Assessment 2021; Vol. 25; No. 77
	List of tables
	List of figures
	List of supplementary material
	Glossary
	List of abbreviations
	Plain English summary
	Scientific summary
	Chapter 1 Introduction: background and rationale
	Type 2 diabetes: prevalent but preventable
	Physical activity for prevention
	Harnessing structured education for physical activity promotion
	Using mobile health technologies to increase scalability
	Ethnicity
	Principal research objectives

	Chapter 2 Trial design and methods
	Recruitment of participants
	Eligibility/exclusion criteria
	Protocol for participants found to have type 2 diabetes at baseline
	Protocol for participants found to have normal glycaemia at baseline
	Randomisation and blinding
	Control study arm: detailed advice leaflet
	Walking Away study arm: group-based behaviour change intervention with annual refresher sessions
	Walking Away Plus study arm: group-based behaviour change intervention, annual refresher sessions plus a mHealth intervention to provide follow-on support
	Data collection
	Primary outcome measure: change in ambulatory activity at 48 months
	Secondary outcomes and descriptive data
	Objectively assessed time spent sedentary and in light- and moderate- to vigorous-intensity physical activity
	Objectively assessed time spent in the postures of sitting/lying, standing and walking
	Recent Physical Activity Questionnaire
	Biochemical variables and diabetes diagnosis
	Protocol for participants found to have type 2 diabetes during the trial
	Standard anthropometric and demographic measurements
	Genetics
	Cardiovascular risk
	Sleep
	Self-reported dietary behaviour
	Health-related quality of life: EuroQol-5 Dimensions, SF-8 and Hospital Anxiety and Depression Scale
	Health, medication and smoking status
	Health resources
	General practice data
	Potential mediators of behaviour change

	Qualitative substudies
	Sample size
	Diabetes progression

	Statistical analysis
	Analysis of the primary outcome: change in ambulatory activity (steps per day) at 48 months
	Ethnicity and other subgroup analyses for primary outcome
	Sensitivity and per-protocol analysis for the primary outcome
	Analysis of continuous secondary outcomes
	Analysis of binary secondary outcomes
	Potential mediators of behaviour change and self-reported use of behaviour change strategies
	Statistical significance and reporting of data

	Health economics
	The cost of the interventions
	Model-based analysis
	Within-trial analysis

	Research governance
	Trial Steering Committee
	Data Monitoring and Ethics Committee
	Data integrity
	Ethics approval
	Amendments
	Trial registration


	Chapter 3 Intervention description and development
	Walking Away: group-based behaviour change intervention with annual refresher sessions
	Walking Away: the initial education session
	Walking Away: the annual refresher sessions

	Walking Away Plus: with enhanced mHealth follow-on support
	Text messaging system
	Telephone support
	Structure and intensity of mHealth follow-on support
	Development of the mHealth follow-on support intervention: a pragmatic framework for developing and piloting a text messaging intervention

	Educator recruitment, training and intervention fidelity

	Chapter 4 Results
	Primary outcome
	Physical activity and sedentary behaviour
	Other secondary outcomes

	Chapter 5 Qualitative substudy: focus groups/interviews with educators and participants
	Observations
	Sampling and recruitment
	Data capture

	Focus groups and interviews
	Sampling and recruitment

	Data capture
	Analysis
	Findings
	Final sample

	External influences on activity levels
	Summary and discussion

	Chapter 6 Cost-effectiveness analysis
	Calculating the costs of the interventions
	Intervention costs

	Economic analysis methods
	Perspective, discounting and time horizon
	Outcome measures

	Primary analysis: model-based evaluation
	The model population
	Step count modelling
	Step count and QRISK
	HbA1c trajectories
	Modelling uncertainty
	Threshold analysis

	Secondary analysis: alongside-trial analysis
	Costs
	Resource use
	Medications
	Utilities
	Quality-adjusted life-years
	Cost–utility analysis
	Scenario analyses and multiple imputation

	Results
	Trial intervention costs
	Educators
	Walking Away delivery training
	Telephone call delivery training
	Walking Away fidelity training

	Total intervention costs
	Support staff costs
	Text message system
	Participant expenses
	Administration consumables and teaching resources
	Venue costs
	Additional costs
	Real-world cost assumptions
	Per-participant costs

	Alongside-trial analysis
	Within-trial costs
	Cost-effectiveness

	Model results
	Model population
	Step count trajectories
	HbA1c and diabetes diagnoses
	Deterministic results
	Clinical events
	Intervention cost threshold analyses
	Value of information


	Chapter 7 Discussion and conclusions
	Conclusions
	Implications for decision-makers
	Recommendations for future research

	Acknowledgements
	References
	Appendix 1 Statistical analysis plan
	Appendix 2 Site-specific participant flow
	Appendix 3 Summary of PROPELS substantial amendments
	Appendix 4 Participants with and without primary outcome data
	Appendix 5 Self-efficacy and illness perception scores at baseline and follow-up in each study arm
	Appendix 6 Self-reported use of behaviour change strategies at baseline and follow-up in each study arm
	Appendix 7 Treatment-by-factor interactions
	Appendix 8 Self-reported physical activity outcomes and intervention effects
	Appendix 9 Secondary outcome tables
	Appendix 10 Comparison of PROPELS and simulated populations
	Appendix 11 Microcosting details for Walking Away and Walking Away Plus
	Appendix 12 Regressions used to estimate diabetes diagnoses, step count and HbA1c in the School for Public Health Research model version 3.2
	Appendix 13 Detailed breakdown of health-care resource use
	Appendix 14 Results of the within-trial scenario analyses
	Appendix 15 Adverse event reporting rates PROPELS safety data
	Appendix 16 Recently published physical activity trials designed for delivery in primary care
	Appendix 17 Text messages used in the  Walking Away Plus arm of the PROPELS programme



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Italic
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PREPRESS_WEB\(No Down Sampling of Images\)'] Web PDFs for NIHR Journals Library article text. RGB colour, low-resolution images, bookmarks and hyperlinks included.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	Crossmark 2: 
	Page 1: 



