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Background: Prevention of type 2 diabetes mellitus (T2DM) is a global priority; however, there is a lack of
evidence investigating how to effectively translate prevention research into a primary care setting.

Objectives: (1) To develop and validate a risk score to identify individuals at high risk of T2DM in the UK;
and (2) to establish whether or not a structured education programme targeting lifestyle and behaviour
change was clinically effective and cost-effective at preventing progression to T2DM in people with
prediabetes mellitus (PDM), identified through a risk score screening programme in primary care.

Design: A targeted screening study followed by a cluster randomised controlled trial (RCT),
with randomisation at practice level. Participants were followed up for 3 years.

Setting: A total of 44 general practices across Leicestershire, UK. The intervention took place in
the community.

Participants: A total of 17,972 individuals from 44 practices identified through the risk score as being at
high risk of T2DM were invited for screening; of these, 3449 (19.2%) individuals attended. All received an
oral glucose tolerance test. PDM was detected in 880 (25.5%) of those screened. Those with PDM were
included in the trial; of these, 36% were female, the average age was 64 years and 16% were from an
ethnic minority group.

Intervention: Practices were randomised to receive either standard care or the intervention.
The intervention consisted of a 6-hour group structured education programme, with an annual refresher
and regular telephone contact.
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Main outcome measures: The primary outcome was progression to T2DM. The main secondary
outcomes were changes in glycated haemoglobin concentrations, blood glucose levels, cardiovascular risk,
the presence of metabolic syndrome, step count and the cost-effectiveness of the intervention.

Results: A total of 22.6% of the intervention group did not attend the education and 29.1% attended all
sessions. A total of 131 participants developed T2DM (standard care, n = 67; intervention, n = 64). There
was a 26% reduced risk of T2DM in the intervention arm compared with standard care, but this did not
reach statistical significance (hazard ratio 0.74, 95% confidence interval 0.48 to 1.14; p = 0.18). There
were statistically significant improvements in glycated haemoglobin concentrations, low-density lipoprotein
cholesterol levels, psychosocial well-being, sedentary time and step count in the intervention group. The
intervention was found to result in a net gain of 0.046 quality-adjusted life-years over 3 years at a cost of
£168 per patient, with an incremental cost-effectiveness ratio of £3643 and a probability of 0.86 of being
cost-effective at a willingness-to-pay threshold of £20,000.

Conclusions: We developed and validated a risk score for detecting those at high risk of undiagnosed
PDM/T2DM. We screened > 3400 people using a two-stage screening programme. The RCT showed that a
relatively low-resource pragmatic programme may lead to a reduction in T2DM and improved biomedical
and psychosocial outcomes, and is cost-effective.

Limitations: Only 19% of those invited to screening attended, which may limit generalisability.
The variation in cluster size in the RCT may have limited the power of the study.

Future work: Future work should focus on increasing attendance to both screening and prevention
programmes and offering the programme in different modalities, such as web-based modalities.
A longer-term follow-up of the RCT participants would be valuable.

Trial registration: Current Controlled Trials ISRCTN80605705.

Funding: The National Institute for Health Research Programme Grants for Applied Research programme.
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LR+ likelihood ratio for a positive test

LR− likelihood ratio for a negative test

MET metabolic equivalent for task

MRC Medical Research Council

NICE National Institute for Health and
Care Excellence

NIHR National Institute for Health
Research

NPV negative predictive value

OGTT oral glucose tolerance test

PCT primary care trust

PDM prediabetes mellitus

PPV positive predictive value

PREPARE Pre-diabetes Risk Education and
Physical Activity Recommendation
and Encouragement

QALY quality-adjusted life-year
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QDScore multivariable risk score to predict
the 10-year risk of acquiring type 2
diabetes mellitus

R&D research and development

RCT randomised controlled trial

ROC receiver operating characteristic

SD standard deviation

SE standard error

STAR Screening Those At Risk

T2DM type 2 diabetes mellitus

TNF tumour necrosis factor

WHO World Health Organization
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Plain English summary

P rediabetes mellitus (PDM) occurs when blood glucose levels are raised but are not sufficiently high to
be classified as type 2 diabetes mellitus (T2DM). Individuals with PDM are at a significantly higher risk

of developing diabetes mellitus in the future.

The study aimed to develop a screening tool to be used within primary care that could easily identify
individuals with PDM. High-risk individuals were invited for screening and received a blood test to check
their glucose levels and to see if they had either undiagnosed PDM or T2DM. We then assessed whether
or not it is possible to prevent individuals with PDM from going on to develop T2DM by delivering a
6-hour structured education programme that focused on diet and physical activity to enhance a healthy
lifestyle. Half of the individuals with PDM were invited to the education programme; the other half were
given written information.

Participants were followed up for 3 years. After 3 years, there was some evidence that the education
programme reduced the progression to T2DM; however, this is inconclusive (as it was not statistically
significant). There was good evidence that the education programme had led to healthier lifestyle choices,
with participants walking more and sitting less, as well as demonstrating lower levels of glucose and
cholesterol. The intervention group were also less anxious and had a better understanding of their
condition than the control group. When the cost of delivering the education was compared with the
health gains, it was found to be good value for money.
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Scientific summary

Background

The number of people diagnosed with type 2 diabetes mellitus (T2DM) is reaching epidemic proportions.
The rising number of cases and the associated health-care costs mean that diabetes mellitus prevention is
one of the most significant and pressing health challenges of our time. It is well established that prior to
an individual being diagnosed with T2DM there is a period of impaired glucose regulation, often referred
to as prediabetes mellitus (PDM). Interventions targeted at this PDM stage have the potential to slow down
progression to T2DM; however, as many individuals with PDM are asymptomatic, often individuals will not
present to a health-care practitioner until T2DM has been established for some time. Therefore, one of
the key elements of a successful prevention programme is the development of a screening tool that can
accurately identify those individuals at highest risk of T2DM. Once identified, an effective programme
needs to be employed to help individuals to address and modulate their risk. Although several initiatives to
promote preventative measures have been developed over recent years, there has been a lack of empirical
data when testing prevention programmes in a real-world routine care setting. In addition, evidence on the
cost-effectiveness of such programmes is sparse.

Objectives

The objectives of the study were to:

l develop and validate a risk score to identify those who require diagnostic testing, to identify
undiagnosed T2DM and to identify those at high risk of future T2DM and cardiovascular disease in a
multiethnic population

l use this risk score to identify and engage those at highest risk of T2DM and offer them a lifestyle
self-management programme with the aim of reducing the risk of progression to T2DM and reducing
cardiovascular risk

l pilot and test a lifestyle self-management programme based on group care, targeting five key areas,
using information currently collated from the European Union-funded Diabetes in Europe Prevention
using Lifestyle, physical Activity and Nutritional intervention project

l develop a training and quality-assurance programme for community-based health trainers, who may
include health-care professionals, to deliver the initial programme and provide ongoing support to
those at highest risk of T2DM

l evaluate the lifestyle self-management programme and its cost-effectiveness
l explore how a two-stage screening programme and prevention intervention can be implemented in

primary care.

Development of the intervention

This structured education intervention has been developed to meet the current need for an evidence-based
diabetes mellitus prevention programme that meets current National Institute for Health and Care
Excellence (NICE) recommendations and which can be implemented within a UK health-care setting. The
intervention encourages self-management of PDM, using simple, non-technical language and visual aids.
The Diabetes Education and Self-Management for Ongoing and Newly Diagnosed programme was the first
national education programme for people with T2DM to meet NICE criteria and has been used as a basis
for the development of the Let’s Prevent programme. The development process was informed by the
Medical Research Council framework. An iterative cycle (including initial development, piloting, collecting
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and collating qualitative and quantitative data, reflection and modification of the intervention) was used to
inform and refine the lifestyle intervention until it was considered fit for purpose for evaluation in the
randomised controlled trial (RCT).

Methods

The study consisted of two phases. Phase one included the development and validation of a risk score that
could be applied within a primary care practice, using routinely available data to identify individuals at
high risk of T2DM. This risk score was then used to identify people at high risk of T2DM for invitation
to screening.

Phase one: two-stage screening study using a risk score
The Leicester Practice Risk Score (LPRS) was developed using data from a completed population-based
screening study conducted in the same location as this study. It was validated using data from a
second screening study. The risk score was designed for use in primary care and, therefore, included only
routinely available risk factors. The risk score included age, sex, ethnicity, body mass index (BMI), family
history of diabetes mellitus and antihypertensive medication. The score was found to have high levels of
discrimination and calibration. A piece of software was developed that enabled the risk score to be easily
used in primary care.

For the screening study, the risk score was applied to data from 44 practices. The top 10% of patients
with the highest score were invited for screening. Following an informed consent process, a number of
clinical assessments and measurements were performed. All participants undertook an oral glucose
tolerance test (OGTT). All participants identified as having PDM took part in the RCT, with the screening
data forming the baseline assessment for the trial. PDM was defined as fasting plasma glucose
> 6.1 mmol/l but < 7.0 mmol/l, or a 2-hour post-glucose reading > 7.8 mmol/l but < 11.1 mmol/l. If a
participant had an OGTT result in the range for diabetes mellitus, they were recalled for a second
confirmatory test. In accordance with the World Health Organization criteria, diabetes mellitus was defined
as a fasting blood glucose ≥ 7.0 mmol/l and/or 2-hour plasma glucose of ≥ 11.1 mmol/l. Any participant
found to have diabetes mellitus at baseline was excluded from the study and returned to their general
practitioner (GP) for commencement of standard care.

Other samples collected were lipids, liver function tests, glycated haemoglobin (HbA1c), biomarkers and
whole genetic blood samples. A number of anthropometric data were also collected; these consisted
of weight, BMI, waist circumference, hip circumference and blood pressure (using the average of
three readings). The 7-day step count was assessed using a sealed piezoelectric pedometer (NL-800;
New Lifestyles Inc., Lee’s Summit, MO, USA). A questionnaire was also administered, which consisted of a
number of validated tools to assess various aspects of diet, physical activity and psychosocial well-being.
The Dietary Instrument for Nutrition Education was used to assess dietary fat and fibre intake; the Health
State Descriptive System and European Quality of Life-5 Dimensions (EQ-5D) explored quality of life;
the Hospital Anxiety & Depression Scale examined depression and anxiety; the Brief Illness Perception
Questionnaire looked at cognitive and emotional representations of illness; and the International Physical
Activity Questionnaire (short form) determined health-related physical activity.

Outcome measures
The primary outcome of the screening phase was the proportion of people detected with PDM or T2DM
using the LPRS (positive predictive value). Secondary outcomes included the response rate to the invitation
to screening. Those with PDM took part in phase two, that is, the diabetes mellitus prevention cluster RCT.
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Phase two: diabetes mellitus prevention cluster randomised controlled trial
study design
Phase two was a cluster RCT providing a structured intervention for people with PDM, with randomisation
at practice level to negate contamination between individual participants. The practices were randomly
assigned 1 : 1 to either the standard care or the intervention arm by a researcher, who was independent of
the study team, using stratification by list size (< 6000, ≥ 6000) and ethnicity (percentage South Asian
< 21%, ≥ 21%). Phase two was designed to adhere to internationally recognised criteria for developing
complex interventions and for undertaking and reporting cluster RCTs.

Participants within the standard care practices were managed by national guidelines for the condition,
whereby participants were given an information booklet and general lifestyle advice by their GP or practice
nurse. The booklet gave information on risk factors for T2DM and discussed how dietary and lifestyle
changes and increased physical activity could be used to prevent progression of the disease.

Participants in the intervention practices were given the same written information as the control group
and were also invited to attend ‘Let’s Prevent’, which was a 6-hour structured group education session.
In addition, they received a telephone call every 3 months from nursing staff, trained to offer ongoing
support in behaviour change and to encourage participants to achieve their individual goals. Finally, each
participant within the intervention arm was invited to attend a 3-hour refresher session once per year.

The intervention
The structured group education programme was named Let’s Prevent, and sessions followed a detailed
written curriculum. It consisted of 1 full day (6 hours) or 2 half-days (3 hours each). For black and minority
ethnic groups in which the English language was not readily spoken, four sessions of 3 hours each were
delivered by educators and interpreters.

Outcome measures
The primary outcome was progression to diabetes mellitus at 3 years in people with screen-detected PDM.

The main secondary outcomes included:

l changes in participant’s glucose levels: HbA1c, blood glucose levels fasting and post-glucose load
l change in cardiovascular risk as calculated by the Framingham risk calculator
l 7-day step count
l presence of metabolic syndrome as defined by the National Cholesterol Education Program Adult

Treatment Panel III
l cost-effectiveness of the intervention.

All outcomes recorded at the screening visit (listed above), which form the baseline data for the trial, were
also collected at 6, 12, 24 and 36 months.

Inclusion criteria

l Diagnosed with PDM.
l Aged 40–75 years if English speaking, or 25–75 years if South Asian.
l Able to attend group education sessions.

Exclusion criteria

l Unable to give consent.
l Unable to attend group education sessions.
l Diagnosed with diabetes mellitus at screening.
l Required an interpreter for a language other than a South Asian one.
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Sample size and statistical methods
Assuming a 3-year cumulative conversion rate to T2DM of 35% in the control group, an intraclass
correlation of 0.05, an average of 17 participants per practice and a dropout rate of 20%, we calculated
that we would need 374 participants per group to detect a 40% risk reduction in the intervention group
(data from 44 practices, with 80% power at the 5% significance level). Analysis of the primary outcome
was on an intention-to-treat basis. The event rate per 1000 person-years was calculated by intervention
group. Cox proportional hazards models with the intervention group as a covariate were fitted; practices
were assumed to have the same frailty. Hazard ratios (HR) along with their 95% confidence intervals (CIs)
were presented. The analysis was repeated excluding those from the intervention group who did not
attend the education sessions (per-protocol analysis). All other outcomes were analysed using a multilevel
model taking into account the practice-level clustering.

Cost-effectiveness analysis
A within-trial cost-effectiveness analysis of the trial results was conducted, using resource use information
collected as part of the study and using quality-adjusted life-years (QALYs) as our primary outcome
measure. QALYs were calculated as the mean of the utility scores (from EQ-5D or health-state descriptive
system) at the start and end of the year, or as the mean at the start, end and 6-month point in the case of
the first year. The intervention cost (£200.34) was the total cost of providing the initial intervention,
refreshers and support over the 3-year trial period. One-off costs, such as educator training and teaching
materials, were also included in the intervention cost calculation. Information on health-care use was
recorded via participant self-reports in an economic questionnaire administered at 12-, 24- and 36-month
follow-up points. Analysis did not include inpatient costs. We calculated an incremental cost-effective ratio
(ICER) by dividing the mean cost difference between intervention and standard care groups by the mean
QALY difference. We report the probability that the intervention is the most cost-effective option at a
threshold of £20,000 per QALY gained.

Results

A total of 17,972 individuals from 44 practices identified through the risk score as being at high risk of
T2DM were invited for screening, of whom 3449 (19.2%) attended. All received a 75-g OGTT. PDM was
detected in 880 (25.5%) of those screened. Those with PDM were included in the trial; 36% were female,
the average age was 64 years and 16% were from an ethnic minority group. Of those included in the trial,
131 participants developed T2DM over the 3-year follow-up period. There was a 26% reduced risk of
developing T2DM in the intervention arm compared with standard care, but this did not reach statistical
significance (HR 0.74, 95% CI 0.48 to 1.14; p = 0.18). This was increased when analysing per-protocol
(HR 0.65, 95% CI 0.41 to 1.03; p = 0.07). There were also statistically significant improvements in HbA1c,
low-density lipoprotein cholesterol, psychosocial well-being, sedentary time and step count. The
intervention was found to result in a net gain of 0.046 QALYs over 3 years at an overall cost of £168 per
patient, with an ICER of £3643 and a probability of 0.86 of being cost-effective at a willingness-to-pay
threshold of £20,000.

Conclusions

We have developed and validated a risk score for detecting those at high risk of undiagnosed PDM/T2DM.
We have screened > 3400 people using a two-stage screening programme. The RCT showed that
a relatively low-resource pragmatic programme fit for implementation in the UK NHS may lead to a
reduction in T2DM and improved biomedical and psychosocial outcomes, and is cost-effective.
Future research should focus on increasing attendance to both screening and prevention programmes
and offering the programme in different modalities, such as web-based modalities.
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Study registration

This trial is registered as ISRCTN80605705.

Funding

Funding for this study was provided by the Programme Grants for Applied Research programme of the
National Institute for Health Research.
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Chapter 1 Introduction

Type 2 diabetes mellitus (T2DM) is a chronic and debilitating disease characterised by elevated blood
glucose through insulin resistance, relative impairment of insulin secretion and increased hepatic

glucose output. In the short term, the symptoms of T2DM are associated with a reduced quality of life,
whereas in the longer term the disease may lead to serious complications such as cardiovascular disease
(CVD), blindness, renal failure and amputation.1 The life expectancy of individuals with T2DM may be
shortened by as much as 10 years, with up to 75% of individuals dying of CVD.2,3

The prevalence of T2DM has risen so steeply over the past few decades that it is now commonly referred
to as an epidemic, and elevated blood glucose levels are currently estimated to be the third leading
modifiable cause of mortality globally.4 Currently, diabetes mellitus accounts for 5–13% of total
health-care spending across low- to high-income regions of the globe;5 in the UK, diabetes mellitus
currently accounts for approximately 10% of the total health-resource expenditure, which is projected to
increase to around 17% in 2035/36.6 The vast majority of the burden of diabetes mellitus is attributable
to the T2DM form of the disease.6

This devastating health-care burden has necessitated a shift in focus from traditional health-care models
focused on treatment to those that incorporate pathways and systems for prevention. International and
national health-care organisations now recognise the importance of developing targeted approaches to
prevention through research, health-care recommendations and policy. In the UK, the NHS Health Check
programme (formally vascular checks) was formed to address this need and is aimed at screening all
individuals aged between 40 and 75 years for vascular and metabolic disease risk and treating high-risk
individuals accordingly.7 However, changes to policy have tended to precede programmes of research
focused on developing and evaluating prevention pathways in the real world; therefore, there has been a
lack of evidence-based tools and programmes that are suitable for implementation into routine primary
care and that are available to commissioners. Our programme of work was designed to address this
limitation and to develop robust evidence-based tools and systems for identifying and intervening in those
with a high risk of T2DM.

Here, we highlight the background to our work with a specific focus on approaches used for identifying
those with a high risk of T2DM and considerations of how to prevent T2DM with lifestyle intervention.

Identification

Type 2 diabetes mellitus is at one end of a continuous glucose control spectrum, with normal glucose
control at the other. In between these two extremes there is a clinically important and much-researched
state in which glucose levels are elevated but not over the threshold for diagnosis of T2DM. This state of
glucose control has historically been termed prediabetes mellitus (PDM), impaired glucose regulation (IGR)
or intermediate hyperglycaemia. Individuals with these elevated glucose levels are significantly more likely
to develop T2DM than those with normal blood glucose.

The tests that can be used to identify those at high risk of T2DM include the oral glucose tolerance test
(OGTT) and, more recently, glycated haemoglobin (HbA1c). There are usually two blood measurements
taken for an OGTT: fasting plasma glucose (which is the glucose measured after 12 hours of fasting
before glucose is taken) and the 2-hour post-challenge plasma glucose (which is measured 2 hours after
the glucose is taken). The World Health Organization (WHO) defines impaired glucose tolerance (IGT) as a
2-hour post-glucose reading of > 7.8 mmol/l but < 11.1 mmol/l, whereas impaired fasting glucose (IFG) is
defined as fasting plasma glucose concentration of > 6.1 mmol/l but < 7 mmol/l.8 IFG and IGT can occur as
isolated, mutually exclusive conditions or together. Estimates of progression to T2DM within 1 year suggest
that those with isolated IGT have over five times the risk, those with isolated IFG have seven times the risk
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and those with both IGT and IFG have over 12 times the risk than normoglycemic individuals.9 Both the
terms PDM and IGR are commonly used to describe the presence of IFG and/or IGT as defined by
the WHO.

In 2011, after the start of this work, WHO revised the criteria for the diagnosis of T2DM to include the use
of HbA1c.10 This precipitated a shift in clinical practice, with the use of OGTT in the diagnosis of T2DM
being gradually phased out and HbA1c becoming the dominant method of classification. As it is potentially
burdensome and confusing to define categories on a continuous glucose spectrum with different
measures, this change necessitated a discussion around the definition of an HbA1c-defined PDM category
analogous to that of IGT or IFG. Although the WHO found insufficient evidence for the use of HbA1c in the
definition of PDM, statements from the American Diabetes Association (ADA) and an international expert
committee recommended that HbA1c be used to signify a high-risk state at levels of between 5.7% and
6.4%, and 6.0% and 6.4%, respectively.11,12 The National Institute for Health and Care Excellence (NICE)
have since adopted the recommendation of 6.0% to 6.4% as an alternative to fasting or 2-hour glucose in
the identification of PDM.13 Follow-up studies have shown similar rates of progression to diabetes mellitus
from the HbA1c-defined prediabetic state as seen for IFG.14

In most countries, around 15% of adults have PDM based on WHO criteria;15 this figure rises in some
minority populations and with age. For example, in elderly populations up to 50% of individuals are
estimated to have PDM.16 Of those with PDM, an estimated 4–12% develop T2DM per year, with the
highest rates seen among those with both IGT and IFG.15,17 Evidence from prospective studies suggests that
approximately 25–40% of individuals with PDM go on to develop diabetes mellitus over a 3- to 8-year
period, and as many as 70% will eventually develop T2DM over the course of their lifetime.17

Along with an increased risk of T2DM, the risk of CVD and premature mortality is also elevated in
individuals with PDM.15,18 For example, those with PDM have been shown to be 50% more likely to die
of CVD than people with normal blood glucose control.19 Interestingly, as the prevalence of PDM is
four times greater than T2DM, there are likely to be more premature deaths attributable to PDM than
to diabetes mellitus.19,20

Research published by Diabetes UK proposed that, although the terms IGR, IFG and IGT may be useful
when talking to health-care professionals, the term ‘prediabetes’ was found by focus groups to be
preferable when talking to the public. It was noted that people identified with this term and felt that it
adequately portrayed the seriousness of the condition and its future risk.21,22 Recent recommendations
suggest that individuals with either IGT, IFG or elevated HbA1c be referred to as ‘persons at high risk of
T2DM’; however, at the onset of this study the term PDM was commonly used and thus has been adopted
throughout this report. The term PDM is used to refer interchangeably to IGT, IFG and/or elevated HbA1c,
according to any recommended definition.12,13,23 Throughout this report we shall use the term PDM to
include IGT-, IFG- or HbA1c-identified high risk of T2DM.

Regardless of the invasive biochemical test used to define risk status, universal screening for T2DM risk
status is problematic for several important reasons. First, screening tests are relatively expensive and there
is limited appetite in an era of restricted health-care budgets for screening apparently healthy individuals
for disease risk. This is consistent with a review of the evidence commissioned by the Health Technology
Assessment programme, which concluded that screening for T2DM meets most of the National Screening
Committees’ key criteria, although it fails on several, including a lack of adequate staffing and facilities.24

In addition to cost and resource, there is high variation in the risk of developing both T2DM and CVD
across categories of PDM, regardless of the assessment method used. For instance, data from the Finnish
Diabetes Prevention Study (DPS) showed that the risk of T2DM in those with IGT more than doubled with
the presence of other readily identifiable risk factors.25 It is also known that the risk of CVD increases
linearly with increasing levels of dysglycaemia, and there is no distinct threshold that justifies the use of
distinct risk categories.26 Given these factors, there has been much international focus on developing
pragmatic systematic approaches for identifying and stratifying individuals with an elevated risk of T2DM
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for referral into diabetes-prevention initiatives. These have primarily focused around the use of
risk-score technology.

Risk scores
Risk scores use non-invasive determinants of T2DM to estimate or rank risk. Work conducted in Finland in
the 1990s led to the development of the seminal Finnish Diabetes Risk Score (FINDRISC), which uses
weighted scores from eight risk characteristics [age, body mass index (BMI), waist circumference, physical
activity levels, fruit/vegetable intake, antihypertensive medication, previous history of high glucose and
family history of T2DM] to calculate an overall risk profile for developing T2DM.27 FINDRISC has been
shown to have good sensitivity (≈0.8) and specificity (≈0.8) at predicting the 10-year absolute risk of
T2DM in a white European population.27 FINDRISC is now commonly used internationally within research
and clinical care contexts. However, there is a recognised need to tailor and validate risk score technology
according to local circumstances and population characteristics.28 For example, in a society in which blood
glucose levels are not routinely measured, asking participants about previous blood glucose levels is
redundant. Furthermore, the ethnic makeup and distribution of risk factors, such as BMI, differ markedly
between populations, which affects the weighting that each factor receives to maximise risk score
accuracy. Furthermore, there is a need to distinguish between self-assessment risk scores, such as
FINDRISC, and automated practice-based risk scores which are designed to run on routine care databases
to enable health-care professionals to easily and quickly identify diabetes mellitus risk within their
registered population. This grant directly funded the development and validation of a practice-based risk
score designed to rank individuals for the risk of undiagnosed T2DM and PDM based on factors routinely
coded within primary care (see Chapter 3). This work was further developed into a freely available piece of
software available to all general practices nationally (see Chapter 9). In addition, we secured additional
funding from Diabetes UK to develop and validate a self-assessment risk score specific to the UK
(see Chapter 9).

Two-stepped approach
Diabetes mellitus risk scores, predominantly those based on FINDRISC, are now routinely used within many
health-care contexts internationally. However, an emerging consensus has moved towards a two-stage
approach whereby risk scores are used to identify moderate- to high-risk individuals and blood tests are
then employed to confirm risk status and check for undiagnosed T2DM.29 We have also shown that this
approach is the most cost-effective method of identifying those at high risk of T2DM.30 Following a
comprehensive review and analysis of the clinical effectiveness and cost-effectiveness of different screening
strategies to identify T2DM risk status, NICE supported the use of a stepped algorithm involving risk-score
technology to identify individuals ranking above the 50th percentile of risk followed by a fasting or HbA1c

blood test to confirm their risk status.13 Although NICE guidance on the prevention of T2DM in high-risk
populations was published after this programme grant was awarded, we nevertheless employed a
two-stepped approach using the practice-based risk score developed (see Chapter 3) followed by an OGTT;
those confirmed to have PDM were included in the randomised controlled trial (RCT) (see Chapter 5).

Prevention programmes

Clinical trials have unequivocally demonstrated that lifestyle interventions reduce the risk of progressing to
T2DM by 40–60% in those with PDM, specifically IGT.31 For example, the Finnish DPS found that the risk
of T2DM was reduced by 58% in those with an intensive lifestyle intervention compared with usual care
over a 3-year period.32 Identical findings were reported for Diabetes Prevention Program (DPP) conducted
in the USA.33 Similar and consistent results have been observed in many different and diverse countries
including India,34 Japan35 and China.36 Lifestyle interventions aimed at the prevention of T2DM have been
based on promoting moderate- to vigorous-intensity physical activity, generally 150 minutes per week, and
a healthy diet aimed at weight maintenance for normal-weight individuals or weight loss for overweight or
obese individuals. For example, DPS had five intervention goals: (1) a reduction in body weight of ≥ 5%;
(2) < 30% of energy intake derived from fat; (3) < 10% of energy intake derived from saturated fat;
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(4) at least 15 g of fibre per 1000 kcal; and (5) at least 30 minutes of moderate-intensity physical activity
per day.32 Interestingly, there was not a single case of T2DM over the 3-year study period in those who
achieved four of these goals.32

Successful lifestyle-change programmes have also been shown to have so-called legacy effects whereby
the effect persists well after the active intervention has ceased. DPS, DPP and the Chinese Da Qing
diabetes mellitus prevention study all found sustained reductions in the incidence of T2DM relative to the
control group after 7–20 years of follow-up.37–39 These findings suggest that once individuals are enabled
to successfully change and self-regulate their lifestyle behaviours, benefits can be sustained long after
active lifestyle interventions have ceased.

Economic modelling studies have consistently demonstrated that lifestyle-based interventions are likely to
be cost-effective and may even be cost saving in some populations.40 When considering the whole process
from screening to treatment, Gillies et al.41 estimated that screening for T2DM and PDM followed by
tailored treatment to each group was more cost-effective than screening for T2DM alone in the UK, with
lifestyle interventions being more cost-effective than pharmaceutical therapy for prevention [£6242 vs.
£7023 per quality-adjusted life-year (QALY) gained].

The consistent clinical effectiveness and cost-effectiveness of lifestyle interventions aimed at decreasing the
risk of T2DM is unsurprising given that unhealthy lifestyle practices associated with modern ‘obesogenic’
environments are the primary causal factor for T2DM. The prevalence of T2DM has been estimated to
have increased by a factor of six over the past couple of centuries, ruling out genetic change as a direct
causal factor.42 Although there are some genetic factors that increase the risk of T2DM, they can
be expressed only in combination with unhealthy modern environments. Given the centrality of lifestyle
factors in the pathophysiology of T2DM, and considering the strong evidence of efficacy for lifestyle
intervention, the promotion of lifestyle change is central to the prevention of T2DM. This has been
recognised by NICE, which recommends that those identified as being at high risk of T2DM should be
referred to a lifestyle intervention before pharmaceutical agents, such as metformin (e.g. Glucophage,
Merck), are considered.13

Translating lifestyle research into practice
Despite strong evidence for the clinical effectiveness and cost-effectiveness of lifestyle intervention in
the prevention of T2DM, there has been a large translational gap between clinical trial evidence and
implementation into routine clinical care. This is predominantly attributable to the resource-intensive nature
of the lifestyle interventions tested within clinical trials. For example, the lifestyle intervention within the
DPP involved 16 lengthy one-to-one counselling sessions, followed by in-person one-to-one contact at
least once every 2 months and additional group-based sessions four times annually.33 If this level of
intervention was directly translated into routine care within the UK to those with PDM, it would require an
estimated additional 150 million consultations per year, clearly a level that would be unachievable in even
the most highly funded and resourced health-care system. Therefore, the emphasis needs to be shifted
from maximising behaviour change and resources within the context of a clinical trial to examining the
minimum level of intensity and resource allocation needed to produce meaningful clinical effects in routine
care. In addition, there are important considerations relating to how new interventions become embedded
within routine care and gain universal access. Professor Ann Albright, Director of the Division of Diabetes
Translation within the Centers for Disease Control and Prevention, identified six distinct steps from basic
science to national distribution, termed the continuum of translation, which are needed achieve the
universal implementation of diabetes mellitus prevention.43 More recently, Schwarz et al.29 identified six
key areas of focus when implementing diabetes mellitus prevention programmes: (1) intervention cost;
(2) training and expertise of intervention providers; (3) uptake to both screening and intervention;
(4) ensuring the sustainability of funding and support within health-care and political arenas; (5) developing
quality management across intervention providers; and (6) using and improving technology to support the
behaviour change of both patients and health-care professionals.

INTRODUCTION

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

4



Finland and the USA have been at the forefront of integrating diabetes mellitus prevention programmes
into health-care and community settings. In Finland, tailored lifestyle interventions offered to those
classified as being at a high risk of T2DM were based on the goals of DPS but delivered in a less-intensive
format of four to eight group-based education sessions.44 In the USA, lifestyle intervention has focused
on a community-based programme run through Young Men’s Christian Association (YMCA) facilities,
which consists of 16 1-hour group-based sessions delivered by trained quality-assured lifestyle coaches.45

Numerous smaller-scale diabetes mellitus prevention programmes, largely based on group education
and intervention approaches, have also been developed and evaluated in the USA.46 Internationally,
European-wide diabetes mellitus prevention guidance and tools for health-care professionals have also
been developed and published.47 As discussed later (see Chapter 2), those diabetes mellitus prevention
programmes that have been tailored to, and implemented in, routine care or community settings
internationally have continued to demonstrate meaningful changes to some markers of health status,
such as BMI.

In the UK, group-based approaches to promoting self-management and behaviour change, in the form of
structured education, are already an integral and established part of many disease-management pathways,
particularly T2DM. For example, the Diabetes Education and Self-Management for Ongoing and Newly
Diagnosed (DESMOND) structured education programme developed by our group has been shown
through a multicentre trial to improve CVD risk profiles, reduce depression, enhance smoking cessation
and promote health behaviour change, including weight loss, in those with T2DM, while being highly
cost-effective, with a cost per QALY gained of £2092.48,49 DESMOND is now the most widely implemented
self-management programme for T2DM and is currently part of routine diabetes mellitus pathways within
half of all clinical commissioning groups (CCGs) nationally (www.desmond-project.org.uk/). Given that the
infrastructure for delivering structured education as part of routine diabetes mellitus pathways within
primary care is already established in the UK, there was a recognised opportunity to harness this approach
for prevention. This is important because it does not require primary care organisation to develop and
implement new programmes or systems of care; rather, existing pathways and programmes could be rolled
backwards to incorporate the prevention as well as the management of T2DM. Early work undertaken by
our group demonstrated the potential efficacy of structured education combined with pedometer use at
promoting physical activity in those with PDM50,51 (see Chapter 9), and NICE subsequently went on to
provide detailed recommendations for the content and format of lifestyle interventions aimed at the
prevention of T2DM that were consistent with group-based structured education.13

One of the central aims of our programme was to incorporate the lifestyle goals from clinical trials,
including diet, weight management and physical activity, into a structured education programme that was
suitable for implementation within routine care and, once developed, to evaluate its clinical effectiveness
and cost-effectiveness.

Summary

In conclusion, the prevention of T2DM is a recognised national and international health-care priority.
However, in order to make prevention a reality rather than an aspiration within primary care, there is an
urgent need to develop methods and pathways that can facilitate the identification of those with PDM and
provide methods of delivering lifestyle intervention that are both evidence-based and suitable for mass
implementation within the existing health-care infrastructure. Our programme grant was aimed at
addressing this unmet need within the context of primary care in the UK.

The main objectives of the programme grant were:

l to develop and validate a risk score to identify those who require diagnostic testing to identify
undiagnosed T2DM and those at high risk of future T2DM and CVD in a multiethnic population
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l to use this risk score to identify and engage those at highest risk of T2DM and offer them a lifestyle
self-management programme with the aim of reducing the risk of progression to T2DM and reducing
cardiovascular risk

l to pilot and test a lifestyle self-management programme based on group care, targeting the five key
areas, using information currently collated from the European Union-funded Diabetes in Europe
Prevention using Lifestyle, physical Activity and Nutritional intervention (DEPLAN) project

l to develop a training and quality-assurance programme for community-based health trainers, who may
include health-care professionals, to deliver the initial programme and provide ongoing support to
those at highest risk of T2DM

l to evaluate the lifestyle self-management programme and its cost-effectiveness
l to explore how a two-stage screening programme and prevention intervention can be implemented in

primary care.
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Chapter 2 Systematic review

This chapter presents a systematic review and meta-analysis of the current evidence on the effectiveness
of pragmatic lifestyle interventions for the prevention of T2DM. The content is based on a previously

published review conducted by our research group52 which identified studies up to July 2012 [reproduced
under the terms of the Creative Commons Attribution-NonCommerical-NoDerivative Works 3.0 Unported
License (CC BY-NC-ND) and courtesy of the ADA]. For this report, the review has been updated and
includes published evidence up to August 2014.

Introduction

A major opportunity exists to drastically reduce the incidence of T2DM, a disease that has a huge impact
on patients and health-care systems worldwide. Large, high-quality clinical trials31,33,39 show that relatively
modest changes in diet and physical activity reduce the incidence of T2DM by > 50% for people with
PDM. Indeed, within-trial data show that the rate of progression to T2DM after 7 years of follow-up was
reduced to almost zero for people who had succeeded in making five modest lifestyle changes.39 The main
drivers of diabetes mellitus prevention appear to be weight loss and physical activity.53,54 However, a
substantial challenge remains in translating these findings into routine clinical practice. The intensive and
prohibitively expensive interventions used in clinical trials to ensure lifestyle change need to be translated
into practical, affordable interventions that are deliverable in real-world health-care systems and that,
nevertheless, retain a reasonable degree of effectiveness.29

Since the publication of the original diabetes mellitus prevention clinical trials between 1996 and 2001,
a number of translational or ‘real-world’ diabetes mellitus prevention programmes55,56 have aimed to
translate the evidence.32–34,36 A meta-analysis of the evidence on translational interventions was published
in 2010,55 although this review excluded 15 studies that were conducted in non-health-care settings.
A more recent meta-analysis was published in 2012.46 However, the authors focused only on translation
of evidence from the US DPP and also included studies where up to half of the population already had
diabetes mellitus. Other systematic reviews of diabetes mellitus prevention interventions have either not
included a meta-analysis54,56–60 or not focused on translational studies.31,54,57,58,61–65 Overall, the systematic
reviews conducted to date indicate that real-world diabetes mellitus prevention programmes vary widely
in their effectiveness, although most produce lower levels of weight loss than the more intensive
interventions used in the clinical efficacy trials.55

To consolidate the evidence we undertook a systematic review of studies, considering the effectiveness of
translational interventions for prevention of T2DM in high-risk populations. The primary aim was to
conduct a meta-analysis of the effectiveness of pragmatic interventions on weight loss. If sufficient data
were available, a secondary aim was to consider other diabetes mellitus risk factors using similar methods.

Methods

Search strategy and study selection
We included experimental and observational studies that considered the effectiveness of a lifestyle intervention
(diet and/or exercise) alone or compared with control, for which the stated aim of the intervention was
diabetes mellitus risk reduction or prevention of T2DM and the focus of the study was to translate
evidence from previous diabetes mellitus efficacy trials into routine health care or a community setting.
For studies to be eligible for inclusion, we required them to include adults (aged ≥ 18 years) identified as
being at high risk of developing T2DM (e.g. obese, sedentary lifestyle, family history of diabetes, older age,
metabolic syndrome, PDM or elevated diabetes mellitus risk score);13 have a minimum follow-up of
52 weeks; and have an outcome relating to diabetes mellitus risk, as measured by a change in body
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composition or a change in glycaemic control, or report progression to diabetes mellitus (incidence or
prevalence). The focus of the review was primary prevention; therefore, we excluded trials where > 10%
of the population had established diabetes. We included only studies published in the English language
and as full-length articles.

We searched EMBASE, MEDLINE and The Cochrane Library (issue 10, 2014) using a combination of
Medical Subject Headings terms and keywords which were tailored to individual bibliographic databases.
We restricted searches to articles published after January 1998; the starting point of 1998 was chosen to
facilitate the identification of studies that were informed by or translating evidence from previous diabetes
mellitus prevention efficacy trials.32–34,36 In order to avoid missing papers the final search strategy included
only terms related to the intervention and the study design. An example search strategy (MEDLINE) is
outlined in Appendix 1. We combined the results of an initial search and an updated supplementary search
that together identified papers up to the end of August 2014.

Two reviewers independently assessed abstracts and titles for eligibility and retrieved potentially relevant
articles, with differences resolved by a third reviewer where necessary. Where studies appeared to meet
all the inclusion criteria, but data were incomplete, we contacted authors for additional data and/or
clarification. In an attempt to identify further papers not identified through electronic searching,
we examined the reference lists of included papers and relevant reviews.

Data extraction and quality assessment
Data were extracted by one reviewer, and a second reviewer subsequently checked for consistency.
We extracted data on sample size, population demographics, intervention details and length of follow-up.
Where available, we recorded outcome data for the mean change from baseline to 12 months’ follow-up
for the following outcomes: weight, BMI, waist circumference, fasting glucose, 2-hour glucose, HbA1c,
total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol,
triglycerides, systolic blood pressure (BP) and diastolic BP. Incidence of T2DM was also recorded.
We retrieved all papers relating to a particular study, including those on design and methodology
(if reported separately), and any supplementary online material.

We assessed the quality of selected studies according to the UK’s NICE quality appraisal checklist for
quantitative intervention studies.66 The checklist includes criteria for assessing the internal and
external validity of experimental and observational quantitative studies (RCTs, non-RCTs, single-arm
before-and-after studies) and allows assignment of an overall quality grade (categories ++, + or –).

Coding of intervention content
We coded intervention content (see Appendices 2 and 3) in relation to the recommendations for
lifestyle interventions for the prevention of diabetes mellitus provided by both the Development and
Implementation of a European Guideline and Training Standards for Diabetes prevention (IMAGE) project47

and NICE.13 Where a study intervention was inadequately described we requested further details from the
authors. If available information was insufficient to allow coding we coded data as missing; where an
intervention appeared to be well described but a particular component (e.g. engaging social support) was
not mentioned or could not be inferred from other text, we assumed that the component was not used.

Data synthesis and analysis
We converted all values reported in imperial units into metric units. Capillary blood glucose values were
converted to plasma equivalent values.67 If studies did not directly report the mean and standard deviation
(SD) for change from baseline to 12 months for the outcomes of interest, they were calculated. We calculated
the mean change by subtracting the baseline mean value from the mean at 12 months. We calculated the
SD from reported p-values or confidence intervals (CIs), as recommended by Cochrane.68 In instances in
which data were reported by subgroup, combined effect sizes and SDs were estimated using the formula
advocated by Cochrane.68 Where data were insufficient to allow calculation of the SD, we imputed values
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for each outcome based on the correlation estimates from those studies that reported them; for weight
the correlation used in these imputations was 0.95.69–73

Weight change was chosen as the primary outcome owing to the high number of studies reporting this
outcome above others, such as those relating to glycaemic control or progression to T2DM. This is most
likely to be attributable to the nature of the translational interventions, which are predominantly based on
large-scale intensive diabetes mellitus prevention programmes that are founded on core goals which
specifically target weight loss. In addition, studies were predominantly of ≤ 12 months’ duration, which is
arguably too short a period to fully assess the effect of an intervention on progression to T2DM. For the
primary outcome of interest (weight), we conducted a meta-analysis to examine the pooled effect size
(change from baseline to 12 months) where data were available. Owing to the uncontrolled nature
of translational interventions, the majority of included studies were single-arm before-and-after studies.
In order to prevent exclusion of substantial evidence, only intervention arms were included in the
meta-analysis to maximise the data available for analysis. We conducted similar analyses for the secondary
outcomes of interest. We performed sensitivity analyses for the primary outcome, weight, where we
restricted the analysis to RCTs only. Additional sensitivity analyses comparing intervention and control arms
in RCTs only were performed for the primary outcome.

We assessed publication bias using Egger’s test and heterogeneity using the I2 statistic. Owing to high
levels of heterogeneity we used random-effects models throughout to calculate effect sizes. We performed
all analyses in Stata version 12.1 (StatCorp, College Station, TX, USA).

Results

Identification of studies
Results relating to the identification and selection of eligible trials are summarised in Figure 1. Searches
yielded 8492 citations, and 5196 unique titles and/or abstracts were screened for eligibility. Following
full-text retrieval of 167 potentially relevant papers, 20 additional papers were identified from reference
lists, making a total of 187. Authors for 14 studies were then contacted in order to clarify eligibility criteria
and/or for additional outcome data. Replies were received for 13 studies, 10 of which were subsequently
included in the 29 studies50,62,69–95 (42 papers50,51,62,69–107) that met the review criteria.

Summary of included studies
The 29 studies included in the systematic review are summarised in Table 1. Study interventions included
either a dietary intervention or a physical activity intervention, or both. Standard/brief advice on diet and/or
exercise was considered to be comparable with usual care and not judged to be an active intervention.
One study focused solely on the effectiveness of a physical activity intervention,50 three combined dietary
intervention and a supervised exercise programme,82,92,95 and 25 studies considered the effectiveness of a
combined dietary and physical activity intervention. Fourteen of the studies were RCTs, 12 were single-arm
before-and-after studies and the remaining studies included a matched cohort, a prospective cohort and a
non-RCT. All papers were published within the past 11 years.

Studies were conducted in the USA (n = 13), Australia (n = 3), Europe (n = 12) and Japan (n = 1); however,
ethnicity was poorly reported. The number of people who were enrolled into the intervention arms in
individual studies ranged from 8 to > 2700, with 26 studies including at least 50 participants. The criteria
used, alone or in combination, to identify high risk included: elevated BMI, elevated diabetes mellitus risk
score [FINDRISC,108 ADA,27 the Australian type 2 diabetes risk assessment tool (AUSRISK)109], raised random,
fasting or 2-hour glucose (finger prick or venous sample); older age; ethnicity; family history of diabetes
mellitus; previous medical history of CVD, polycystic ovary syndrome, gestational diabetes, metabolic
syndrome, elevated BP or lipids. Length of follow-up ranged from 12 months to approximately 4 years.
The mean age and BMI of participants ranged from 38 to 65 years and from 25 to 37 kg/m2, respectively,
and the proportion of males ranged from 7% to 66%.
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Outcome data for change in weight were available for 28/29 studies (not Costa et al.78); 25 of 29 studies
reported weight at 12 months (see Appendix 4). Additional 12-month data reported for 26 studies
(Appendices 4 and 5) included change in BMI (20 studies), waist size (18), fasting glucose (17), 2-hour
glucose (11), HbA1c (7), total cholesterol (14), LDL (9), HDL (14), triglycerides (12), systolic BP (15), diastolic
BP (12) and the incidence of diabetes mellitus after 12 months (9). Outcome data for change in physical
activity and diet were poorly reported. Overall, considerable heterogeneity was evident between studies in
relation to several key characteristics including the setting, population, criteria used to identify diabetes
mellitus risk, interventions and follow-up.

Study quality
Most studies achieved a ‘high quality’ grading for internal validity (28/29). However, details relating to the
source/eligible population and area and the selected participants were less well reported; only 13 studies
achieved a high quality score for external validity. (For a breakdown of study quality, see Appendix 6.)

Scoring of intervention content
Details of coding scores for study interventions are presented in Appendix 3. A total of 14 of the 28
intervention groups included in the main meta-analysis attained an overall score of ≥ 9 out of a possible
12, in relation to meeting NICE guideline recommendations; 21 scored ≥ 7. For IMAGE guideline
recommendations, an overall score of ≥ 5 out of a possible 6 was achieved by 13 study groups.

Number of citations identified
(n = 8492)

Titles +/− abstracts screened
(n = 5196)

Duplicates removed
(n = 3296)

Excluded: not relevant
(n = 5029)

Excluded
(n = 145)

Reasons:
Population not at high risk of T2DM, n = 6
Not lifestyle intervention study, n = 8
Follow-up < 52 weeks, n = 37
SR, n = 4
Protocol, n = 2
Population not free of existing DM, n = 13
Not translational/pragmatic, n = 49
Outcomes/aims not applicable, n = 24
Not English language, n = 2

Excluded from primary meta-analysis
(n = 4)

Reasons:
Baseline to 12-month weight 
change data not reported: Costa et al.,78

Ma et al.,92 Nilsen et al.,83 Vermunt et al.91

Papers identified from
reference lists

(n = 20)

Papers identified for 
full-text retrieval

(n = 167)

Papers (studies) included
in systematic review

[n = 42 papers (29 studies)]

Studies providing sufficient
data and suitable for 

meta-analysis
[n = 25 studies (24 study groups)]

FIGURE 1 Flow chart of selection of studies from search to final inclusion. DM, diabetes mellitus; SR, systematic review.
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Meta-analysis
Twenty-five studies involving 5785 participants (estimated 36% male) were included in the meta-analysis for
mean weight change at 12 months. One study was excluded from the primary meta-analysis, as weight
change was not recorded as a study outcome.78 Three were excluded from all analyses as one study reported
only 15-month data,92 and two were excluded as they reported only 18-month data.83,91 Two studies
included in the meta-analysis had two intervention arms,50,81 meaning that 27 study groups were analysed.

The pooled result of the meta-analysis (Figure 2) shows that lifestyle interventions resulted in a mean
weight loss of 2.31 kg (95% CI –2.87 to –1.76 kg; I2 = 92.9%).

Sensitivity analysis, restricted to RCTs only, indicated a mean weight change (–2.5 kg, 95% CI –3.8 to
–1.2 kg) that is similar to the overall result. Additional analysis comparing the difference in weight lost

Study

RCT
Mensink 200382,99

Ackermann 200875,97

Kulzer 200971

Penn 200987

Yates 2009 (PREPARE + pedometer)50,51

Yates 2009 (PREPARE)50,51

Parikh 201085

Katula 201180,107

Sakane 201190

Janus 201293

Kanaya 201294

Ockene 201284

Subtotal (I2 = 95.3%, p = 0.000)

Single arm before and after
Davis-Smith 200779

Boltri 200877

Payne 200886

Absetz 200974,96

Kramer 200970

Makrilakis 201073

Saaristo 201089,100,101

Gilis-Januszewska 201169

Ruggerio 201188

Kramer 2012 (CPC)81

Kramer 2012 (TPC)81

Laatikainen 201272,98

Penn 201395

Subtotal (I2 = 87.6%, p = 0.000)

Other
Almeida 201076

Faridi 201062

Subtotal (I2 = 24.7%, p = 0.249)

–10 –8 –6 –4 –2 0 2 4 6 8 10

Overall (I2 = 92.9%, p = 0.000)

NOTE: weights are from random-effects analysis

Weight change, kg 
(95% CI)

–2.70 (–3.79 to –1.61)
–5.70 (–7.59 to –3.81)
–3.60 (–4.65 to –2.55)
–2.30 (–3.90 to –0.70)
0.49 (–0.89 to 1.87)
–0.54 (–1.92 to 0.84)
–3.30 (–4.39 to –2.21)
–6.97 (–7.73 to –6.21)
–1.40 (–2.07 to –0.73)
–2.65 (–4.06 to –1.24)
–0.61 (–1.24 to 0.02)
–1.10 (–1.84 to –0.36)
–2.52 (–3.83 to –1.21)

–4.80 (–11.93 to 2.33)
–0.50 (–3.90 to 2.90)
–4.10 (–5.02 to –3.18)
–0.80 (–1.30 to –0.30)
–4.20 (–5.92 to –2.48)
–1.00 (–1.82 to –0.18)
–1.10 (–1.31 to –0.89)
–1.92 (–2.66 to –1.18)
–1.30 (–2.62 to 0.02)
–4.00 (–5.82 to –2.18)
–2.60 (–4.85 to –0.35)
–2.60 (–3.29 to –1.91)
–3.70 (–4.83 to –2.57)
–2.30 (–2.99 to –1.61)

–1.40 (–1.65 to –1.15)
0.10 (–2.44 to 2.64)
–1.20 (–2.20 to –0.21)

–2.31 (–2.86 to –1.75)

FIGURE 2 Forest plot showing mean weight change in each study and the overall pooled estimate. Adapted from
Dunkley et al.52 under Creative Commons public licence 3.0, https://creativecommons.org/licenses/by/3.0/. Additional
studies (Janus et al.,93 Kanaya et al.94 and Penn et al.95) have been added; therefore, the subtotal line and overall
line in the plots have changed, as they now include additional data. Boxes and horizontal lines represent mean
weight change and 95% CI for each study. Size of box is proportional to weight of that study result. Diamonds
represent the 95% CI for pooled estimates of effect and are centred on pooled mean weight change.
CPC, carbohydrate reduction and hunger focus post core; TPC, traditional post core.
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between the treatment and control arms, for RCTs only, suggests that, on average, the intervention arm
lost an extra –1.79 kg (95% CI –2.78 kg to –0.80 kg; p < 0.001). Furthermore, sensitivity analyses
that included studies scoring ++ for external validity demonstrated a slightly greater weight loss in
higher-quality studies (–2.8 kg, 95% CI –4.1 to –1.5 kg). However, there was some evidence of
publication bias (p = 0.033, Egger’s test; see Figure 3 for funnel plot).

All other outcomes showed an improvement at 12 months (Table 2), with all of these reaching statistical
significance with the exception of HDL cholesterol. The pooled result for the 19 studies (20 study groups)
that reported BMI demonstrates that lifestyle interventions resulted in a mean decrease in BMI of
0.98 kg/m2 (95% CI –1.28 to –0.68 kg/m2; I2 = 95.2%). A collective decrease in waist circumference
of 3.36 cm (95% CI –4.33 to –2.39 cm; I2 = 97.5%) was found across the studies that reported the
measure (n = 18). The pooled result for the studies that conveyed HbA1c percentages (n = 8) indicated that
lifestyle intervention corresponded to a 0.11% (95% CI –0.19% to –0.03%; I2 = 97.1%) decrease in
HbA1c. Significant reductions in fasting glucose of 0.10 mmol/l (95% CI –0.18 to –0.02 mmol/l; I2 = 86.0%)
and 0.36 mmol/l (95% CI –0.66 to –0.06 mmol/l; I2 = 92.8%) in 2-hour glucose were suggested for
lifestyle intervention. Total cholesterol was reported for 16 study groups, for which the pooled result of the
direct pairwise meta-analysis indicated a 0.18 mmol/l (95% CI –0.23 to –0.13 mmol/l; I2 = 39.8%) mean
decrease in total cholesterol at 12 months for those in receipt of lifestyle intervention. A slightly smaller
reduction in LDL cholesterol of 0.15 mmol/l (95% CI –0.22 to –0.07 mmol/l; I2 = 66.0%) was demonstrated
for the intervention groups by the pooled result for the meta-analysis including 10 study groups. The
pooled result for HDL cholesterol indicated a 0.02 mmol/l (95% CI –0.002 to 0.04 mmol/l; I2 = 92.8%)
increase for the intervention groups across 16 study groups; however, this was not a statistically significant
finding. The overall effect of lifestyle intervention on triglycerides showed a 0.1 mmol/l (95% CI –0.18 to
–0.01 mmol/l; I2 = 99.2%) decrease in triglycerides measurement spanning 14 study groups. Significant
combined effects of intervention on BP were demonstrated, with a decrease in systolic BP of 4.02 mmHg
(95% CI –5.66 to –2.37 mmHg; I2 = 77.1%) over 16 study groups and 3.88 mmHg (95% CI –5.24 to
2.52 mmHg; I2 = 83.7%) in diastolic BP across 12 study groups. Across the nine studies that reported
incident diabetes mellitus, the pooled incidence rate was 35 cases per 1000 person-years (95% CI 24 to
53 cases per 1000 person-years), which gives the number needed to treat as 29.
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FIGURE 3 Funnel plot with pseudo 95% confidence limits assessing publication bias for the primary outcome
weight change.
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High levels of heterogeneity were demonstrated for all secondary outcomes. Further significant evidence
of publication bias was apparent for the reporting of systolic (p = 0.018) and diastolic (p = 0.005) BP
outcomes via Egger’s test. No other significant evidence of publication bias was detected.

Discussion

The 25 translational diabetes mellitus prevention programmes included in our meta-analysis significantly
reduced weight in their intervention arms by a mean 2.3 kg at 12 months’ follow up. Where data were
available, we found significant reductions in other diabetes mellitus and cardiovascular risk factors,
including blood glucose, BP and some cholesterol measures. The pooled diabetes mellitus incidence rate in
the intervention arms was 35 per 1000 person-years (number needed to treat 29). Outcome data on
changes in the key lifestyle behaviour targets (physical activity and diet) were poorly reported.

Relationship to other literature
The mean level of weight loss achieved was around a half to one-third of the levels reported at the same
time point within the intervention arms of clinical efficacy trials, such as the US DPP (≈6.7 kg) and the
Finnish DPS (≈4.2 kg).32,33 This is consistent with the findings of a meta-analytic systematic review
published in 2010 by Cardona-Morrell et al.55 which identified a mean net weight loss after 12 months
of 1.82 kg (95% CI –2.7 to –0.99 kg). Cardona-Morrell et al.55 interpreted the lower level of weight loss
and a lack of significant differences in fasting plasma glucose and 2-hour glucose as meaning that the
interventions ‘appear to be of limited clinical benefit’. Our view is that, despite the drop-off in intervention
effectiveness in translational studies, the level of weight loss found in our analysis is still likely to have a
clinically meaningful effect on diabetes mellitus incidence. This is based on data from the US DPP study
which show that each kilogram of mean weight loss is associated with a reduction of approximately 16% in
future diabetes mellitus incidence.53 Furthermore, a recent meta-analysis, which included studies without an
intervention in order to look at natural diabetes mellitus progression rates in high-risk individuals, found that

TABLE 2 Pooled effects for intervention groups showing change from baseline to 12 months

Outcome
Number of
study groups

Pooled
effect 95% CI p-value I2

Publication
bias p-value

Weight (kg) 27 –2.31 –2.87 to –1.76 < 0.001 92.9% 0.033

BMI (kg/m2) 20 –0.98 –1.28 to –0.68 < 0.001 95.2% 0.067

Waist circumference (cm) 20 –3.36 –4.33 to –2.39 < 0.001 97.5% 0.136

HbA1c (%) 8 –0.11 –0.19 to –0.03 0.009 86.7% 0.961

Fasting glucose (mmol/l) 19 –0.10 –0.18 to –0.02 0.014 86.0% 0.344

2-hour glucose (mmol/l) 12 –0.36 –0.66 to –0.06 0.018 92.8% 0.156

Total cholesterol (mmol/l) 16 –0.18 –0.23 to –0.13 < 0.001 39.8% 0.776

LDL cholesterol (mmol/l) 10 –0.15 –0.22 to –0.07 < 0.001 66.0% 0.278

HDL cholesterol (mmol/l) 16 0.02 –0.002 to 0.04 0.082 92.8% 0.931

Triglycerides (mmol/l) 14 –0.10 –0.18 to –0.01 0.022 99.2% 0.585

Systolic BP (mmHg) 16 –4.02 –5.66 to –2.37 < 0.001 77.1% 0.018

Diastolic BP (mmHg) 12 –3.88 –5.24 to –2.52 < 0.001 83.7% 0.005

Incident diabetes mellitus
(per 1000 person-years)a

9 35.3 23.6 to 52.7 < 0.001 79.5% 0.117

a Not change from baseline.
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progression rates to diabetes mellitus from IFG, IGT and both were 47, 56 and 76 per 1000 person-years,
respectively.14 The rate of 35 per 1000 person-years that we found suggests that the real-world lifestyle
interventions studied here did lower diabetes mellitus progression rates.

For our review, the mean proportion of weight lost (%) at 12 months’ follow-up was –2.6%. This amount
was slightly lower than was demonstrated by a recent meta-analysis conducted by Ali et al.,46 which
considered translational studies aimed at populations with existing diabetes mellitus (≤ 50%) or at high
future risk. They found a mean weight loss of −4.1% (95% CI −5.9% to −2.4%) after at least 9 months
of follow-up.2 This difference may in part be due to a lower mean BMI at baseline in studies included in
our review than in studies in the Ali et al.46 review (range 25–36 kg/m2 and 31–40 kg/m2, respectively),
and a slightly longer follow-up period (12 months vs. ≥ 9 months). In addition, their review focused on
interventions based only on the US DPP, whereas we considered a broader set of interventions.

Changes in the four key dietary and physical activity targets (≤ 30% energy from fat; ≤ 10% energy from
saturated fat; fibre ≥ 15 g/1000 kcal; ≥ 30 minutes moderate physical activity daily) have also been shown
to have independent effects on diabetes mellitus risk reduction, irrespective of weight loss.53 However,
few of the studies we examined provided data on dietary intake or physical activity, so we cannot be sure
whether diabetes mellitus prevention in these studies is driven by increased physical activity, dietary change
or both.

Strengths and limitations
This study is novel in that it provides an updated meta-analysis of a global set of lifestyle interventions for
diabetes mellitus prevention. Our study used comprehensive search criteria and focused on establishing the
utility of pragmatic attempts to achieve diabetes mellitus prevention in real-world service delivery settings.

The study is limited in that there were insufficient data to analyse outcomes beyond 12 months; our
findings may not translate into long-term therapeutic value owing to uncertainty around sustaining
outcomes, such as weight loss, in the longer term.110 Furthermore, results in individual studies were not
always reported on an intention-to-treat (ITT) basis, leading to a probable overestimation of effect sizes.

Owing to the nature of pragmatic implementation studies, which include a number of uncontrolled
studies, our analysis was restricted to intervention arms only; however, sensitivity analysis, restricted to
RCTs only, indicated a mean weight change (–2.5 kg, 95% CI –3.8 to –1.2 kg) that is similar to the
overall result. Additional sensitivity analysis restricted to RCTs showed that intervention arms lost 1.79 kg
(95% CI –2.78 to –0.80 kg) more weight than control arms. This does suggest that the true intervention
effect is smaller than suggested by the analysis restricted to intervention arms only.

Weight change was chosen as the primary outcome, as the majority of studies reported this outcome as
opposed to other measures such as changes in glucose measures or progression to T2DM. Progression to
T2DM would have been the preferable outcome to analyse diabetes mellitus risk reduction; however, as
most studies were restricted to a 12-month follow-up, it is questionable whether or not this is a suitable
period of time to fully evaluate the effect of intervention on the proportion of individuals who progress
to T2DM. Although fasting and 2-hour glucose outcomes were reasonably well reported among studies,
HbA1c was the least reported. This is most likely to be a result of the fact that the WHO began
recommending the use of HbA1c as a T2DM diagnostic tool only in 2011, whereas many studies in this
review predate this introduction.50,62,69–80,82,85–87,89,96,97,99,102,106

Unpublished literature was not considered for inclusion in this review, leading to potential selection bias.
Further bias may have also been introduced via the decision to limit studies to English-language
studies only.

The results of Egger’s test for publication bias indicated evidence of publication bias for the primary
outcome mean weight change, as well as for mean change in systolic and diastolic BP outcomes.
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However, the test has low power to detect publication bias for outcomes with few studies. In addition,
when there are high levels of between-study heterogeneity, as is the case for all outcomes in this review,
Egger’s test may not detect publication bias if present.

Implications for practice
Our review suggests that pragmatic lifestyle interventions are effective at promoting weight loss and that
they could potentially lead to a reduced risk of developing diabetes mellitus and CVD in the future.
However, the difficulties in translating this evidence into practice and in delivering guideline-based
interventions need to be overcome. The ability to implement these findings in practice may be further
hampered by a lack of resource for service provision, the design of efficient risk identification systems,
and engagement of politicians and health-care organisations in funding national diabetes mellitus
prevention programmes. Diabetes mellitus prevention strategies require substantial up-front investment to
accrue longer-term benefits.29

Future directions
More research is needed to examine the longer-term clinical effectiveness and cost-effectiveness of
pragmatic lifestyle interventions for diabetes mellitus prevention, including diabetes mellitus incidence as
well as weight-loss outcomes. The practical value of diabetes mellitus prevention interventions would be
much clearer if we had data on longer-term outcomes. Research is also needed to identify the role of
different types of physical activity and dietary changes,54,111 and ways to increase effectiveness without
increasing cost. Possible approaches might include the use of larger group sizes and the substitution or
supplementation of intervention techniques using self-delivered formats (e.g. internet, smartphone
or workbook).112

Summary

Overall, the interventions were effective, but there was wide variation in effectiveness. More research is
needed to establish optimal strategies for maximising both cost-effectiveness and longer-term maintenance
of the lifestyle changes that these programmes can achieve.
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Chapter 3 Developing the risk score

This chapter was based on previously published data, reproduced with kind permission from Springer
Science+Business Media: Diabetologia, Detection of impaired glucose regulation and/or type 2 diabetes

mellitus, using primary care electronic data, in a multi-ethnic UK community setting, vol. 55, 2012,
pp. 959–66, Gray LJ, Davies MJ, Hiles S, Taub NA, Webb DR, Srinivasan BT, Khunti K, excerpts of text,
tables 1, 2 and 3, and figures 1 and 2 (please note that minor edits have been made, with the permission
of the authors, for consistency).113

Introduction

Risk scores are a way of stratifying a population for targeted screening. They use data from risk factors to
calculate an individual’s score; a higher score reflects higher risk. Risk scores can be applied either to an
individual as a questionnaire (these scores generally require only data from non-invasive risk factors,
which would be known by members of the public) or to a population. Population risk scores are usually
developed for use in primary care where a piece of software is used to calculate the score for everyone
listed on the electronic medical records using routinely stored data. Screening invitations can then be sent
to those at the highest risk.

Over the past decade, a plethora of risk scores have been developed and validated for detecting those at
risk of T2DM. One of the first risk scores developed in this field was the FINDRISC score. This risk score was
developed for use in Finland; it is questionnaire based and designed to be completed by members of the
public to detect those at risk of developing T2DM in the future.27 It includes eight questions relating to
age, BMI, waist circumference, BP, history of high blood glucose, family history of diabetes mellitus,
physical activity and consumption of vegetables, fruits or berries. This score has been shown to have
acceptable levels of discrimination and, since its development in 2003, it has been validated for use in
Greece,114 Bulgaria,115 Italy,116 Spain117 and Sweden.118 It was decided not to validate this score for use
in this project for a number of reasons. First, the FINDRISC was not developed for detecting those with
existing undiagnosed PDM (IFG and/or IGT) and T2DM. Second, it is well reported that risk scores that
have been developed for a particular population tend to have low validity when used on another.
In addition, the FINDRISC does not include ethnicity, which is an important risk factor when assessing risk
in a multiethnic population such as in the UK.28,119,120 Third, the questionnaire nature of this risk score and
the inclusion of patient-specific risk factors that would not be available routinely in primary care meant
that this risk score could not be implemented in primary care for population-based stratification.

The Cambridge Diabetes Risk Score (CDRS) addresses some, but not all, of these issues.121 This score was
developed to detect undiagnosed T2DM and it collects data on age, sex, BMI, steroid and antihypertensive
medication, and family and smoking history. This score would be suitable for use in primary care but it
does not detect current undiagnosed PDM and it does not reflect the higher incidence of T2DM in those
from black and minority ethnic (BME) groups. The FINDRISC identifies people who are at risk of developing
T2DM in the next 10 years, with the CDRS detecting current undiagnosed T2DM only. To date, there is no
evidence base for intervening in such a group for the prevention of T2DM. The evidence from the large
pivotal trials for preventing T2DM is in people with IGT.31 The ultimate aim of this programme of work is
to develop and test a pragmatic intervention, taking the learning of the previous trials, delivered in a UK
primary care setting. Therefore, we wished to identify people who have PDM rather than those at risk of
developing diabetes mellitus in the future. Hence, it was decided to derive and statistically validate a new
risk score that detects PDM/T2DM for use in a multiethnic population using data from two existing
population-based screening studies from Leicester and Leicestershire.122,123
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The development and validation of the Leicester Practice Risk Score (LPRS) had three phases. Initially,
a pilot score was developed and validated, and tested in two general practices (phase one). The aim of the
pilot phase was not so much to assess the performance of a risk score per se, but to test the feasibility of
a risk-score approach for identifying people with PDM in primary care. Owing to the milestones required
for the programme of work, this feasibility testing needed to be completed before the final data set from
the large population-based screening study was ready for analysis. A very simple pragmatic score was
therefore derived to enable this approach to screening to be tested. Reporting of details of how this score
was derived is outside the scope of this report. Following this pilot, complete data from a large-scale
population-based screening study [Anglo–Danish–Dutch study of Intensive Treatment In people with screen
detected diabetes in primary care (ADDITION)] became available; therefore, the score was redeveloped
based on the learning from the pilot study. This score was subsequently used to identify those at high risk
for screening within Let’s Prevent (phase two). Following this, the score was updated based on subsequent
improvements in data completeness in primary care and the addition of HbA1c to the diagnostic criteria for
T2DM (phase three). Given that this score is published and used in clinical practice, full details of the
development and validation are given for the final updated score.

Data sets

Data sets from two existing closely related screening studies were used throughout all three phases, that
is, ‘Screening Those At Risk’ (STAR) and ADDITION. These are described briefly below and their shared
methodology is outlined in the final section.

Screening Those At Risk
The STAR study aimed to identify the prevalence of PDM and undiagnosed T2DM in those with at least
one recognised risk factor for diabetes mellitus. Between 2002 and 2004, 3225 individuals aged
40–75 years inclusive (25–75 years for those with South Asian, Afro-Caribbean and other ethnicity owing
to the reported higher risk of T2DM) with at least one risk factor for T2DM were invited for screening from
17 general practices. Risk factors for inclusion into the study included a documented clinical history of
coronary heart disease, hypertension, dyslipidaemia, cerebrovascular disease or peripheral vascular disease,
previous history of IGT, gestational diabetes, polycystic ovary syndrome in those with a BMI of > 25 kg/m2,
a first-degree relative with T2DM or BMI of > 25 kg/m2, and current or ex-smokers. Full details of the
methodology and results are published.122

Anglo–Danish–Dutch study of Intensive Treatment In people with screen
detected diabetes in primary care-Leicester
This study has been described in detail elsewhere.123 In summary, ADDITION-Leicester invited a randomly
selected 30,950 people aged 40–75 years (25–75 years if non-white, although those aged 25–40 years are
excluded from these analyses) without diagnosed diabetes mellitus from 20 practices from Leicester and
the surrounding county for screening between 2004 and 2008; 6749 individuals attended screening
(response rate 22%). All 6749 participants underwent an OGTT and, therefore, people with PDM and
previously undiagnosed T2DM were identified. Those found to have undiagnosed T2DM were included in
a RCT of intensive treatment versus standard care;124 data from this trial are not included in this analysis.
The analysis is based solely on the cross-sectional screening data and, therefore, includes people identified
with normal glucose, PDM and T2DM.

Shared protocols
In both studies all screened participants received an OGTT using 75g of glucose, and had biomedical and
anthropometric measurements taken by a trained member of research staff, which included data such as
medical history, medication, BMI, BP, and a self-completed questionnaire. The questionnaire collected data
on smoking status, alcohol consumption, occupational status, ethnicity, physical activity, the FINDRISC
score and a number of scales to measure domains such as well-being and anxiety.
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All participants were diagnosed with screen-detected IFG, IGT and T2DM according to WHO 1999 criteria,8

with PDM referring to the composite of IGT and/or IFG. HbA1c was collected for all participants at baseline.

Anthropometric measurements were performed by trained staff following standard operating procedures,
with height being measured to the nearest 0.1 cm using a rigid stadiometer (Seca, Hamburg, Germany) and
weight in light indoor clothing measured to the nearest 0.1 kg with a Seca scale (Seca UK, Birmingham, UK).
BMI was defined as weight in kilograms divided by height in metres squared (kg/m2). Waist circumference
was measured at the mid-point between the lower costal margin and the level of the anterior superior iliac
crest to the nearest 0.1 cm.

Data sets used for development and statistical validation of the risk scores
The use of each data set across the three phases is outlined in Table 3. Given the larger sample size and
population-based approach, the ADDITION data set is preferable for the development of a risk score,
with STAR then being used for temporal (i.e. evaluation on external data from the same centre) validation.
Owing to the unavailability of the ADDITION study data in a format suitable for analysis in late 2007 when
the pilot study was commenced, the development of the initial risk score was divided into two phases.
In phase one, a pilot risk score was developed using data from the STAR study, specifically for use in the
pilot screening study. Temporal validation using the ADDITION study data set was carried out retrospectively.
In phase two, the risk score for use in the Let’s Prevent study was developed. Its design is based on analysis
of the ADDITION study data set, which, being larger than the STAR data set, allows greater sensitivity to the
possible predictive values of potential risk factors. The same approach was used when the risk score was
updated in 2010.

The characteristics of those included in the two data sets are given in Table 4. The mean age in the
ADDITION-Leicester data was 57.3 years, with 48% being male. Three-quarters of the cohort were
white European, with 23.5% of other ethnicity (of which the majority were South Asian, 91%). Of the
6390 people aged ≥ 40 years screened as part of the ADDITION study, 927 (14.5) were found to have
PDM and 206 (3.2) had undiagnosed T2DM based on an OGTT, which rises to 485 (7.6%) when including
HbA1c in the diagnostic criteria. The STAR data set had similar characteristics but with slightly more people
reporting that they were smokers (25% vs. 14%).

Statistical methods

The purpose of the risk scores was to identify those at greatest risk of glucose intolerance, defined as
those with either T2DM or PDM (which includes IFG and/or IGT) who, up until screening with an OGTT,
had been undiagnosed. All of the scores developed and validated as part of this project used similar
methodology. To avoid repetition this is detailed below. Where differences occurred, these are also
summarised.

TABLE 3 Data used for the development and statistical validation across the three phases

Risk score Phase STAR ADDITION

Pilot risk score Development ✓

Validation Temporal

Initial LPRS Development ✓

Validation Temporal

Updated LPRS Development ✓

Validation Temporal
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Development

Variables considered
The variables to be considered for inclusion in the score are limited to those that are included in the ‘typical’
general practice database with a good level of reliability and completeness. The consensus is that the
following items satisfy these conditions: age, sex, BMI, ethnicity (white European or other), family
history (of type 1 or type 2 diabetes mellitus), smoking status (current smoker or ex or non), prescribed
antihypertensives, statins or steroids, history of CVD (myocardial infarction, stroke, heart valve disease, atrial
fibrillation, angina, angioplasty or peripheral vascular disease) and deprivation [measured using the Index of
Multiple Deprivation (IMD) calculated from the individual’s postcode]. This pool of variables assessed covers
the majority of those included in previously developed screening tools and screening guidelines.125,126

Modelling
All modelling was carried out in Stata (version 11.1) using logistic regression with the composite of IGR
[defined as IFG or IGT on OGTT (not including HbA1c 6.0–6.4 at this stage)] or T2DM [OGTT or HbA1c

≥ 6.5% (48 mmol/mol)] versus normal as the dependent variable. A staged approach to variable selection
was taken. First, we assessed the association of each variable and the outcome independently (PDM/T2DM).
Those that were significantly (p < 0.05) associated with the outcome were then assessed in combination
and those that became non-significant when adjusted for other variables in the model were removed. This
process was then repeated. Each combination of variables was compared in terms of the area under the
receiver operating characteristic (ROC) curve, with the aim of maximising this. The effect of adding each

TABLE 4 Characteristics of data sets used for model building and temporal validation

Variable ADDITION (n= 6390) STAR (n= 3004)

Age (years), mean (SD) 57.3 (9.6) 56.7 (9.8)

Sex male, n (%) 3046 (47.7) 1383 (46.1)

Ethnicity

White European, n (%) 4688 (75.8) 2138 (73.7)

Other, n (%) 1499 (24.3) 763 (26.3)

Weight (kg), mean (SD) 78.3 (16.0) 77.9 (16.0)

BMI (kg/m2), mean (SD) 28.1 (5.0) 28.2 (5.2)

Waist circumference (cm), mean (SD) 94.2 (13.1) 95.6 (13.0)

Systolic BP (mmHg), mean (SD) 137.9 (19.4) 134.0 (20.5)

Diastolic BP (mmHg), mean (SD) 85.6 (10.6) 80.4 (10.8)

Current smoker, n (%) 891 (13.9) 762 (25.4)

HbA1c (%), mean (SD) 5.7 (0.6) 5.8 (0.7)

HbA1c (mmol/mol), mean (SD) 39 (17) 40 (7)

Cholesterol (mmol/l), mean (SD) 5.6 (1.1) 5.4 (1.0)

LDL (mmol/l), mean (SD) 3.5 (0.9) 3.4 (0.9)

HDL (mmol/l), mean (SD) 1.4 (0.4) 1.3 (0.5)

PDM, n (%) 927 (14.5) 407 (12.6)

T2DM (OGTT), %, mean (SD) 206 (3.2) 92 (3.1)

T2DM (OGTT or HbA1c), %, mean (SD) 485 (7.6) 367 (11.4)

Note
Adapted with kind permission from Springer Science+Business Media. Diabetologia, Detection of impaired glucose
regulation and/or type 2 diabetes mellitus, using primary care electronic data, in a multiethnic UK community setting,
vol. 55, 2012, pp. 959–66, Gray LJ, Davies MJ, Hiles S, Taub NA, Webb DR, Srinivasan BT, Khunti K, table 1.113
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previously excluded variable into the model was assessed to make sure that no potentially important
variables were missed; again, their significance and effect on the ROC was assessed. Once a final model
was established we assessed all possible two-way interactions and the addition of polynomial terms,
although we acknowledged that we would have limited power to explore these. The importance of
introducing functional polynomial terms was also assessed using the Akaike information criterion.127

Throughout the analysis, missing data were not imputed and analysis was carried out on a complete-
case basis.

The updated risk score (described in phase three) also included HbA1c of ≥ 6.5% in the definition of T2DM,
given that HbA1c was recommend as a diagnostic tool by WHO in 2011.10 HbA1c was not used in the
definition of PDM as, although using a range of 6.0–6.4% has been recommended for identifying those
at high risk of developing diabetes mellitus in the future,12 WHO concluded that there was insufficient
evidence for classifying PDM using HbA1c.10

Creating a scoring system
Once a final model has been developed a risk score needs to be devised from this. For the pilot score a crude,
easy-to-calculate score was developed (see Phase one: pilot risk score results for details). For the initial and
updated risk scores, the scores were derived by summing each of the β coefficients from the best fitting model.

Once a score had been devised, the discrimination of the score was assessed using the area under the
ROC curve. Calibration was assessed using the Hosmer–Lemeshow statistic,128 the Brier score129 and a
calibration plot of estimated prevalence of PDM and T2DM grouped by the predicted probability.

Statistical validation
Each of the scores developed were temporally validated (see Table 3 for data sets used). Each score was
validated against the outcome for which it was developed. For the updated risk score, temporal validation
was carried out using six different outcomes that reflect how the score would be used in clinical practice
(i.e. one method of diagnosis will be chosen): (1) T2DM diagnosed using OGTT; (2) T2DM diagnosed using
HbA1c; (3) PDM defined as IGT or IFG on OGTT; (4) HbA1c between 6.0% and 6.4%; (5) T2DM or PDM on
OGTT; and (6) HbA1c of ≥ 6.0%.

The ROC curve was plotted for each outcome and the area under the curve was calculated. The sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), likelihood ratio for a positive
test (LR+) and likelihood ratio for a negative test (LR−) with 95% CI were calculated, comparing each cut
point on the score to the outcome.

The results of each of the risk scores developed and validated are presented below (see Results). The pilot
risk score and initial risk score are described briefly with full details of the updated practice risk score given
along with details of the development of a piece of software to run this risk score in general practices.

Phase one: pilot risk-score results

The risk score developed to conduct the screening pilot in primary care was derived using the STAR data
set. The final model is given in Table 5.

TABLE 5 Final model for the pilot risk score

Variable Beta coefficient 95% CI p-value

Age (years) 0.038 0.027 to 0.050 < 0.001

BMI (kg/m2) 0.081 0.063 to 0.099 < 0.001

Sex (female relative to male) 0.373 0.179 to 0.568 < 0.001
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From the coefficients of the final model a crude pilot risk score formula was defined as the sum of:

1. person’s age (in years)
2. twice their BMI (in kg/m2)
3. 10 if they are male (no change if female).

A simplified score was preferred for the pilot study, as this would be easily calculated by researchers;
the score for the main study was calculated using a piece of software and, therefore, the simplification
of the relative weightings of the score components was not needed.

Using the score to identify the 10% most at risk for invitation to further screening identified 132 people
with PDM in the STAR data set and 41 people with T2DM, representing a sensitivity of 20.1% and a
specificity of 92.4%. Increasing the threshold so that the top 28% of people at risk were invited for
screening increases the sensitivity to 43.6% and reduces the specificity to 75.2%.

Results from the pilot screening study

Methods
Two primary practices were identified to test the pilot risk score in order to assess how effectively the tool
could be used to identify those at highest risk.

Two contrasting practices were selected for the pilot screening study. Melton Mowbray is a large rural
practice comprising a practice population of 36,000 with 20 general practitioners (GPs); 99% of the practice
population are Caucasian and 829 patients were listed on the diabetes mellitus register (2.3% of the total
practice). Spinney Hill, in contrast, is a large, inner-city practice with seven GPs comprising a total practice
population of 16,000 patients, 98% of whom are of South Asian ethnicity. A total of 8% (1311) of patients
were listed on the practice register for diabetes mellitus. The two practices used in the pilot study were
selected from those that already had ethical permission for ongoing screening as part of the ADDITION
study, but in which screening had not commenced. For this reason, recruitment of the practices was not
necessary; in the Let’s Prevent study, practices would first need to be recruited to take part in the study.

For the pilot study, information needed for the risk score was obtained from Egton Medical Information
Systems [(EMIS) EMIS Health, Leeds, UK] data searches. It was expected that all the general practices
in the study area would be using the EMIS computer system. From the practice list data the risk score
was calculated and, separately for each practice, used to classify the individuals in descending order of
PDM/T2DM risk.

In the pilot study the individuals were then sent letters of invitation (in batches of 200) to take part in the
study by their GP; this invitation included a questionnaire (which asked four basic questions, such as
whether or not the individual was taking part in any other studies) and a reply slip together with a
stamped, addressed envelope. Recruitment was stopped (for reasons of practicality) at the risk score of 125
in both practices. Individuals were invited according to their risk score. Individuals who had not replied
were sent a reminder letter. A mobile clinic located on a double-decker bus was used for the majority of
the pilot screening owing to its convenience and accessibility, although a small number of screening
sessions for participants living in the Leicester area were held at the Leicester General Hospital.

Those individuals who had agreed to take part in the pilot study were sent information on the date, time
and place of their appointment as well as instructions that from the previous midnight they should eat
nothing and drink only water. The surgery sessions were held only in the morning. Participants were given
a telephone reminder a day or two before their session and this had the effect of cutting the number of
‘no-shows’ down from 46% in ADDITION to almost zero. Overall, there tended to be more no-shows from
the inner-city Leicester practice than from the practice located in the nearby market town.
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Results
In total, 2168 people were found to be at high risk and invited to be screened. A total of 686 people gave
a positive reply, representing 31.6% of those invited. At the time of analysis, 264 of those who gave a
positive response had been screened (38.5%). Therefore, 12.2% of those originally invited provided data
for the pilot screening study.

Baseline characteristics of the 264 participants screened in the pilot study are shown in Table 6. This sample
was predominantly (73%) male, somewhat older than those included in the STAR and ADDITION studies, with
a mean age of 64.5 years, but with a similar proportion of South Asians and participants with similar mean
BMIs. The differences in characteristics between the diagnostic groups are generally as would be expected.

Overall, 20.8% of those screened had either PDM (15.2%) or T2DM (5.7%). This was slightly higher than
the percentage found in the ADDITION-Leicester population-based screening programme (19.3%). It was
anticipated that this difference could be increased further with the refinement of the risk score using the
full ADDITION-Leicester data set. Of those found with PDM, the majority had isolated IGT (72.5%).

Overall, the pilot study showed that it was feasible to run a risk score using practice data stored in the EMIS
system, to invite people by postal mail to come forward for screening, to get a reasonable response rate to the
invitation, to screen those who attended, and to detect people with previously undiagnosed PDM or T2DM.

Phase two: initial Leicester Practice Risk Score results

Phase one showed that it was feasible to use a risk-score approach to identify people with undiagnosed
PDM and T2DM in primary care. The next phase was to develop the risk score for use in the main Let’s
Prevent study and to assess its validity using the STAR study data set that had been used for the
development of the pilot risk score. The starting point for the development of this risk score was different
from that for the pilot. The initial plan was to recruit 20 patients from each practice; data on ethnicity
would be available in terms of proportions of the main ethnic groups at the practice level but not available
from individuals. It became apparent that in order to fulfil the study aim of recruiting those eligible patients
judged to be at highest risk of conversion to T2DM, a more efficient sampling plan would be to invite
patients for an OGTT, starting from those with the highest risk score and moving down in order of score
to a common level across all the practices that would result in the required study sample size. The number of
patients invited for OGTT would, therefore, reflect the size and general risk levels of practices, and it would
be valid to include a proportion of patients from ethnic minority groups when deriving the risk score.

TABLE 6 Anthropometric and clinical characteristics obtained at screening, by diagnostic category, from the two
pilot practices combined

Variable Overall Normal PDM T2DM PDM/T2DM

n (%) 264 209 (79.2) 40 (15.2) 15 (5.7) 55 (20.8)

Male (%) 73.1 73.7 77.5 53.3 70.9

Median age,
years (IQR)

64.5 (59.0–68.9) 64.0 (58.2–68.8) 66.4 (60.5–69.3) 65.2 (59.1–69.8) 65.4 (60.4–69.5)

South Asian
ethnicity (%)

29.2 27.7 27.5 53.3 34.6

Median BMI,
kg/m2 (IQR)

29.0 (26.4–33.0) 28.7 (26.3–32.0) 29.9 (26.8–36.6) 34.0 (30.1–41.8) 30.7 (27.4–38.2)

HbA1c, median (IQR) 5.7 (5.5–6.0) 5.7 (5.4–5.9) 6.0 (5.7–6.3) 7.5 (6.7–9.4) 6.2 (5.8–6.7)

IQR, interquartile range.
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From the modelling results (Table 7), the initial risk score was defined for the study as:

Risk score = 0.0407 × age (years)

+ 0.296 (if male, no change if female)

+ 0.934 (ethnicity, as practice proportion of South Asians)

+ 0.0859 × BMI (kg/m2)

+ 0.440 (if family history of diabetes mellitus, no change otherwise)

+ 0.374 (if on antihypertensive medication, no change otherwise).

Statistical validation of the initial risk score was carried out by examining its performance temporally on the
STAR data and, additionally, by comparing its discrimination with other standard risk scores and the pilot
risk score with respect to the area under the ROC curve. This was carried out for the total sample, and
then separately for the South Asian and white European cohorts. Table 8 shows that the ROC area under
the curve (AUC) of the initial risk score had better discrimination than either the FINDRISC or the CDRS in
both of the data sets on which it was tested; however, in common with the other risk scores, it performed
worse on the South Asian subset in the STAR study sample.

Using the initial risk score to identify the 10% most at risk for invitation to further screening gave a
sensitivity of 19.2% with a specificity of 89.3%; the sensitivity is increased to 46% if the top 25% of
at-risk participants are screened.

Phase three: updated Leicester Practice Risk Score results

Given the poor reporting of ethnicity in primary care, the initial score used practice-level ethnicity as a
proxy for individual-level ethnicity. This may overinflate the score of white Europeans living in areas with a
large South Asian population and vice versa. Recording of ethnicity has since been included in the Quality
and Outcomes Framework,130 which has significantly improved the level of completeness for individual-level
ethnicity, with > 90% of UK practices now recording ethnicity for all newly registered patients.131

In addition, HbA1c has been used to diagnose T2DM since 2011. Therefore, it was decided to develop
another score that would include individual-level ethnicity and define T2DM using OGTT or HbA1c to reflect
these important changes to clinical practice. Although this score was developed de novo (given the change
in outcome and the definition of an important predictor), the same methodology as used to develop the

TABLE 7 Final model for the initial practice risk

Variable Beta coefficient 95% CI p-value

Age (years) 0.041 0.031 to 0.051 < 0.001

BMI (kg/m2) 0.086 0.071 to 0.101 < 0.0001

Sex (female relative to male) 0.296 0.136 to 0.456 < 0.0001

Ethnicity, as practice proportion of SAs 0.934 0.689 to 1.178 < 0.0001

Family history of DM 0.440 0.277 to 0.604 < 0.0001

Antihypertensive treatment 0.374 0.184 to 0.564 < 0.0001

DM, diabetes mellitus; SA, South Asian.
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initial score was employed. As this score is now used in practice, a more thorough description of the
development and validation is given. The subsequent section outlines the development of the LPRS
software for use in primary care for running this updated risk score.

Table 9 shows the model-building process. Of the variables considered for inclusion, prescription of
steroids and statins, smoking status, history of CVD and deprivation were excluded from the final model
based on their association with PDM/T2DM.

TABLE 8 Discrimination of the initial risk score for glucose intolerance, in comparison with the pilot risk score,
FINDRISC and CDRS, as assessed by the area under the ROC curve

Risk score Subgroup ROC AUC 95% CI

Initial risk score Total 68.1 65.7 to 70.4

WE only 71.4 68.5 to 74.3

SA only 66.5 62.6 to 70.5

Pilot risk score Total 66.1 63.7 to 68.6

WE only 70.0 67.1 to 72.9

SA only 65.4 61.3 to 69.4

FINDRISC Total 65.2 62.8 to 67.6

WE only 66.4 63.4 to 69.3

SA only 63.4 59.2 to 67.6

CDRS Total 64.1 61.6 to 66.6

WE only 66.0 63.0 to 69.1

SA only 64.4 60.3 to 68.5

SA, South Asian; WE, white European.

TABLE 9 Model-building process

Variable Number with data OR (95% CI) p-value Taken forward to next stage

Independent associations, each risk factor included separately

Age 6378 1.04 (1.03 to 1.04) < 0.0001 ✗

Sex 6378 1.12 (0.99 to 1.26) 0.05 ✗

BMI 6157 1.08 (1.07 to 1.10) < 0.0001 ✗

Ethnicity 6175 1.67 (1.45 to 1.91) < 0.0001 ✗

Family history 6378 1.29 (1.14 to 1.46) < 0.0001 ✗

Smoking status 6141 0.71 (0.58 to 0.86) < 0.0001 ✗

Antihypertensives 6378 1.99 (1.75 to 2.27) < 0.0001 ✗

Statins 6378 1.76 (1.49 to 2.09) < 0.0001 ✗

Steroids 6378 1.16 (0.89 to 1.50) 0.28

History of CVD 6378 1.28 (1.08 to 1.52) 0.004 ✗

Deprivation 6125 1.01 (1.00 to 1.01) < 0.0001 ✗

continued
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Table 10 shows the final model produced. Age, sex (male vs. female), BMI, ethnicity (‘other’ vs. white
European), antihypertensive therapy (yes vs. no) and family history of diabetes (any type, yes vs. no) were all
found to be significant predictors of PDM or T2DM both when modelled separately and together. Adding
other variables did not improve the area under the ROC curve. There were no statistically significant
two-way interactions, assessing significance at the 1% level, because of the high number of comparisons.
Polynomial terms were considered for age and BMI but this did not improve the fit of the model. The area
under the ROC curve for the final model was 70.1 (95% CI 68.4 to 71.7). Figure 4 shows the observed vs.
the estimated prevalence of PDM and T2DM grouped by the predicted probability. This shows overall
good agreement between the observed and predicted estimates. This is reflected in the result of the
Hosmer–Lemeshow test based on 10 groups (χ2 = 2.4, p = 0.97) and a Brier score of 0.15.

The performance of the score in differentiating between those who had PDM or T2DM diagnosed using
either an OGTT or HbA1c and those who had normal glucose tolerance in the temporal data set is shown

TABLE 9 Model-building process (continued )

Variable Number with data OR (95% CI) p-value Taken forward to next stage

All significant risk factors from phase one included in one model

Age 5867 1.04 (1.03 to 1.05) < 0.0001 ✗

Sex 5867 1.21 (1.05 to 1.39) 0.01 ✗

BMI 5867 1.08 (1.07 to 1.10) < 0.0001 ✗

Ethnicity 5867 2.01 (1.70 to 2.38) < 0.0001 ✗

Family history 5867 1.66 (1.44 to 1.91) < 0.0001 ✗

Smoking status 5867 0.94 (0.76 to 1.16) 0.55

Antihypertensives 5867 1.67 (1.42 to 1.96) < 0.0001 ✗

Statins 5867 1.32 (1.06 to 1.63) 0.01 ✗

History of CVD 5867 0.84 (0.68 to 1.03) 0.10

Deprivation 5867 1.00 (1.00 to 1.01) 0.08

All significant risk factors from phase two included in one model

Age 6143 1.04 (1.03 to 1.05) < 0.0001 ✗

Sex 6143 1.19 (1.04 to 1.36) 0.01 ✗

BMI 6143 1.09 (1.07 to 1.10) < 0.0001 ✗

Ethnicity 6143 2.13 (1.82 to 2.48) < 0.0001 ✗

Family history 6143 1.61 (1.40 to 1.85) < 0.0001 ✗

Antihypertensives 6143 1.65 (1.41 to 1.93) < 0.0001 ✗

Statins 6143 1.19 (0.98 to 1.45) 0.08

Score now includes age, sex, BMI, ethnicity, family history and antihypertensives (next stage: adding the
excluded variables one by one to see if they are now important when adjusted for other factors in the model)

Steroids 6143 1.08 (0.82 to 1.43) 0.57

Smoking status 6099 0.93 (0.76 to 1.15) 0.52

History of CVD 6143 0.91 (0.75 to 1.11) 0.36

Deprivation 5911 1.00 (1.00 to 1.00) 0.09

OR, odds ratio.
Final model shown in Table 10.

DEVELOPING THE RISK SCORE

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

30



in Table 11 and Figure 5. The score can be used in two ways: either by setting the sensitivity to a certain
level or by deciding what percentage of the general practice to invite for further testing. If using an OGTT
for diagnosis, then 50% of a general practice would need to be invited for testing to detect T2DM with
80% sensitivity, this is raised slightly to 54% being invited if using HbA1c. To retain 80% sensitivity for the
PDM outcomes, the percentage invited would need to be increased to 60% if using an OGTT and 66% for
an HbA1c between 6.0% (42 mmol/mol) and 6.4% (46 mmol/mol). Inviting the top 10% for testing, 9% of
these would have T2DM using an OGTT [PPV 8.9% (95% CI 5.8%, 12.8%)] and 26% would have PDM
[PPV 25.9% (95% CI 20.9%, 31.4%)]. Using HbA1c increases the PPV to 19% for T2DM [PPV 18.6%
(95% CI 14.2%, 23.7%)] and 28% for an HbA1c between 6.0% and 6.4% [PPV 28.3% (95% CI 23.1%,

TABLE 10 The association between the set of risk factors included in the score and the glycaemic categories of
PDM and T2DM

Variable Coefficient Odds ratio 95% CI p-value

Age (per year increase) 0.0408359 1.04 1.03 to 1.05 < 0.0001

Male 0.1839942 1.20 1.05 to 1.37 0.01

BMI (per kg/m2 increase) 0.0820698 1.09 1.07 to 1.10 < 0.0001

South Asian/other BME 0.7565977 2.13 1.83 to 2.49 < 0.0001

Prescribed antihypertensives 0.5498978 1.73 1.50 to 2.01 < 0.0001

Family history of diabetes mellitus 0.4770517 1.61 1.40 to 1.85 < 0.0001

ROC AUC: 70.1 (95% CI 68.4 to 71.7)

Hosmer–Lemeshow test: χ2 = 2.4, p = 0.97

Note
Adapted with kind permission from Springer Science+Business Media. Diabetologia, Detection of impaired glucose
regulation and/or type 2 diabetes mellitus, using primary care electronic data, in a multiethnic UK community setting,
vol. 55, 2012, pp. 959–66, Gray LJ, Davies MJ, Hiles S, Taub NA, Webb DR, Srinivasan BT, Khunti K, table 2,
© Springer-Verlag 2012.113
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FIGURE 5 Receiver operating characteristic curve for T2DM, PDM and T2DM or PDM using the OGTT and HbA1c.
OGTT: (a) area under ROC curve = 70.6%; (b) area under ROC curve= 66.3%; and (c) area under ROC curve= 68.5%.
HbA1c: (d) area under ROC curve= 69.4%; (e) area under ROC curve= 62.2%; and (f) area under ROC curve= 66.7%.
Reproduced with kind permission from Springer Science+ Business Media: Diabetologia, Detection of impaired
glucose regulation and/or type 2 diabetes mellitus, using primary care electronic data, in a multiethnic UK
community setting, vol. 55, 2012, pp. 959–66, Gray LJ, Davies MJ, Hiles S, Taub NA, Webb DR, Srinivasan BT, Khunti K,
figure 2.113
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34.0%)]. If screening for both T2DM and PDM using an OGTT, inviting the top 10% for further testing
gives a sensitivity of 17%. The high NPV (81.3%) suggests that this cut point is good for ruling
out disease.

Development of the Leicester Practice Risk Score software

It is well reported that many risk scores are not used in practice. One reason for this may be because little
thought is given to implementing them at the development stage.132 To enable widespread use of the LPRS
we developed a piece of software which uses existing medical records within primary care to calculate the
LPRS for each patient within a practice population aged 40–75 years, having excluded people with known
diabetes mellitus, the terminally ill and those with coded gestational diabetes (as they are already identified
as being at higher risk and it is not necessary to screen them). When developing the software it came to
light that many patients will have been screened; as it is unnecessary to rescreen these people, the
software analyses existing OGTT/glucose/HbA1c data. This process also identifies any people with ‘missed’
diabetes mellitus, that is, people with glucose results in the diabetes mellitus range who have not been coded
as diagnosed with diabetes mellitus. The output is presented in a single Microsoft Excel® version 10 (Microsoft
Corporation, Redmond, WA, USA) spreadsheet that can be used to check records and recall patients for
screening for diabetes mellitus. This software can be downloaded from http://leicesterdiabetescentre.org.uk/
The-Leicester-Diabetes-Risk-Score.

Discussion

We have developed a simple and sensitive automated screening tool for use in multiethnic populations
that will enable primary care practitioners to rank individuals by their risk of having undiagnosed PDM or
T2DM and therefore allow targeting of screening resources. Ranking people by risk allows flexibility in the
screening strategy chosen; practices can choose to hone in to the top of the list and invite fewer people
for screening for a bigger ‘hit’ rate or, if resources allow, to widen their inclusion criteria, giving greater
sensitivity at the offset of the specificity.

Although some existing scores have been validated against HbA1c,133
,134 the updated score is the first to be

developed that incorporates the new WHO diagnostic criteria into the outcome. Previous work has shown
that different cohorts are detected using either an OGTT or a HbA1c to diagnose T2DM.135 Previously
developed scores may now miss people who meet the new diagnostic criteria. This is also the first
computer based score developed in a multiethnic population within the UK to identify prevalent disease.
The Cambridge risk score was designed to identify undiagnosed diabetes only and does not adjust for
ethnicity.121 Although not taken into account in the original score, a post hoc study using data from both
Caribbean and South Asian populations showed that using alternative ethnic specific cut points could give
acceptable levels of prediction for undiagnosed hyperglycaemia in these groups, but that further work
needed to be carried out to refine these.136 The multivariable risk score to predict the 10-year risk of
acquiring T2DM (QDScore) predicts the 10-year risk of developing diabetes mellitus and includes similar
variables to both the CDRS and scores developed here, but with the addition of deprivation and CVD
(both of these were found not to improve the fit of models produced).137 Compared with the Cambridge
Risk score, the QDScore showed greater levels of discrimination, but only detects incident disease. In
addition, the algorithm to compute the risk score has not been published and cannot be used to detect
PDM. Other scores, including the Leicester Self Assessment score and the FINDRISC score, have been
developed, which rely on the person at risk completing a questionnaire themselves and attending the GP
practice.27,138 The score developed here may increase the uptake to screening invitation by removing the
need for people to calculate their own risk.

Although the score was developed using high fidelity data from a randomly selected population who all
received an OGTT, there are a number of limitations to be taken into account when applying the score.
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First, the cross-sectional nature of the data limits the score to detecting prevalent undiagnosed disease.
The score cannot, therefore, be used to estimate the risk of future disease, although detecting PDM will
identify a high-risk group that is likely to develop T2DM in the future. Although this could be viewed as a
limitation, screening strategies may want to focus on those who have current undetected disease as a
priority. In addition, those scores predicting incident disease may give biased estimates, as those variables
that are included in the score are also those that prompt testing. Future work will look at validating the
score on a prospective data set. Second, only 22% of those invited for screening in the ADDITION-Leicester
study attended. Although this is similar to other studies in similar populations139 and reflects the difficulty
in recruiting a multiethnic urban population with wide variations in socioeconomic status into research
studies, this may have affected the representativeness of the data that the score has been derived from.
For example, those screened were slightly older than those invited.140 It is difficult to predict the possible
implications of the response rate to the initial study on the score produced. Reassuringly, the score
contains a similar set of variables to other comparable risk scores.27,121 Future work will further validate the
score on other population-based data sets. There are some limitations with the analysis performed to
derive the risk scores. We used a variable selection procedure based on the statistical significance of their
association with the outcome to initially select variables for potential inclusion into the models produced.
This is not the recommended approach to variable selection and can increase the risk of excluding
important variables that become important only after adjustment for other variables.141 We did, however,
reassess each variable excluded in this manner to see if their inclusion in the final model would improve
the discrimination of the model. Although the approach taken may have been suboptimal, the variables
included in the model are similar to those included in previous scores and the score was shown to work
adequately when tested in a temporal data set. There is a hierarchy of data sets to be used for evaluating
a risk scores validity: (1) internal; (2) temporal (using an external data set from the same centre); and
(3) external (using a truly external data set from a different centre).142 Here we have used a temporal data
set; although these data incorporate an independent population, the data set was run to the same
standard operating procedures as the ADDITION study and within the same centre. Future work should
focus on assessing the updated risk score in an external data set. The method of dealing with missing
covariate data could also have been improved. Here risk scores were developed on complete-case data;
in hindsight, a better way to deal with missing data would be to use multiple imputation.143 Studies have
shown that risk scores produced using complete-case data may be biased and could produce scores that
perform poorly when used in clinical practice.125 Future work should consider the robustness of the scores
produced to missing data. Finally, the score was developed using data from Leicester (UK). The ethnic
makeup of this area means that the ethnicity component of the score is based on data from South Asian
participants (mostly of Indian descent). Although there were participants included from other ethnicities in
both data sets (such as Chinese, Caribbean and African), there were insufficient data to model separate
scores for each ethnicity. South Asians are known to have a high level of risk,144 and, therefore, assuming
the same level of risk for all BME groups, may overestimate risk for some, but this was thought to be
preferential to underestimating risk or estimating risk based on insufficient data.

Summary

In summary, we have developed a valid and sensitive score for identifying those at the highest risk of
prevalent PDM or T2DM within a multiethnic UK population. Using an automated tool is simple to
implement and can be used to target screening approaches in a cost-effective manner. For example, in the
UK, this tool could be used to complement the NHS Health Check programme as the score has been
developed using data that are reflective of the inclusion criteria of the health checks. The results from the
screening study using the initial version of the risk score, which incorporated practice-level ethnicity data,
are reported in Chapter 6.
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Chapter 4 Developing the intervention

This chapter uses excerpts from Troughton et al.,145 reproduced under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted

reuse, distribution, and reproduction in any medium, provided the original work is properly cited, and Gray
et al.,146 reproduced courtesy of BioMed Central. 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.

Drafting a curriculum

Research shows that lifestyle modification in people with PDM can significantly reduce the risk of
developing T2DM. Both the DPP and the DPS demonstrated that, in participants with PDM, a programme
addressing weight loss, diet and physical activity was able to reduce progression to T2DM by 58%.32,33

Although these results were certainly very encouraging, their lack of transferability from research into
practice was a valid concern. Many of the programmes called for resource-intensive interventions, which would
simply be unachievable in our current health-care system. For example, the DPP saw participants have, on
average, 20 individual counselling sessions over the course of 4 years.33 Many countries would, therefore, be
unable to replicate the intervention owing to such a huge demand on resources. It was noted, therefore, that
there was an urgent need to develop a prevention programme that was effective, economically viable and could
easily be implemented into a real-world UK health-care setting.

Previous pilot work prior to National Institute for Health
Research grant

Early development work to establish a prevention programme that focused on key lifestyle targets and that
was suitable for those with PDM commenced in 2006 prior to the successful National Institute for Health
Research (NIHR) grant award.

Key findings from a qualitative study in subjects with PDM22 showed that many had no prior understanding
of PDM and their risk of CVD, felt confused by the diagnosis and wanted clarification of what was meant
by being at ‘high risk’. All wanted to know why they had developed PDM. Many recognised that lifestyle
changes could delay progression to T2DM but were not confident that these were achievable. Many felt
that they did not know what to change in their lifestyle. Although many received an education booklet at
the time of diagnosis, they felt that the advice was too general.

Prior to the successful NIHR grant application, the full results of the DESMOND RCT were being finalised.
Initial pilot work had already demonstrated significant improvements in outcomes (e.g. HbA1c, lipids, BP),
changes in illness beliefs and increase in physical activity,147 thereby suggesting that any prevention
programme developed for PDM could benefit from using a similar approach.

Early development work tested the format and content of a 3-hour prevention session developed by our
group. Thirty-four people with PDM (including 10 from a South Asian population) attended four groups.
Feedback showed that all felt that the programme helped them to improve their understanding of PDM,
including the role of diet and exercise. All participants agreed that they intended to become more physically
active and eat a healthier diet. Practical sessions were valued, and personalising risk was deemed helpful.

Exploratory quantitative evaluation showed significantly increased self-efficacy in making lifestyle changes,
perceived control and perceived knowledge, as well as a significant decrease in perceived symptom load
and consequences. Ten subjects provided pedometer information and reported an increase in both daily
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step count (by 1690 steps per day) and energy expenditure [2635 metabolic equivalent of task (MET)
minutes per week]. These changes showed that the initial programme was setting the necessary
preconditions for successful behaviour regulation and change. Qualitative interviews carried out by
telephone revealed that many would attend extra sessions on food choices and activity and, therefore,
a 6-hour session model was considered for our current format.

Following on from this exploratory work came the Pre-diabetes Risk Education and Physical Activity
Recommendation and Encouragement (PREPARE) programme,148 which was a RCT funded by Diabetes UK.
A total of 103 individuals were recruited, of whom 30% were from a South Asian ethnic background. It
was found that when participants were given structured education that enabled them to set realistic
personalised step-per-day goals and to self-monitor their physical activity behaviour with a pedometer,
their physical activity levels increased significantly (p < 0.05), by 2600 steps per day (equivalent to around
26 minutes per day of walking activity) and their 2-hour glucose levels decreased by 1.4 mmol/l. A decrease
in 2-hour glucose of this magnitude has been associated with around a 60% reduction in the relative risk of
developing T2DM. Furthermore, significant improvements in both fasting and 2-hour glucose levels, and
increases in physical activity, remained even at 12 months’ follow up.50 This study therefore suggests that
structured education that targets participants’ perceptions of PDM, highlights the importance of physical
activity and promotes self-management skills can substantially reduce the risk of developing T2DM. This
study provided a foundation on which to build a structured education group intervention to initiate
behaviour change and improve glucose tolerance in those with PDM in a UK setting.

Pilot work supported by National Institute for Health Research
Grant 1272

The Let’s Prevent programme was developed by a core multidisciplinary team, in collaboration with the
DESMOND collaborative and the National Physical Activity Centre in Loughborough (Collaboration in
the PREPARE study).50

In July 2007, a working party gathered to develop the Let’s Prevent intervention. Using the findings from
previous pilot work, the intervention was compiled in line with best practice. The programme was based
on the fundamentals of the DESMOND programme. DESMOND is currently the only education programme
that fully meets the NICE guidelines for structured education in diabetes149 and its RCT demonstrated its
clinical effectiveness in improving weight, smoking behaviours and illness beliefs.48 The DESMOND model is
based on an empowerment philosophy that sees the participant as capable and responsible for his or her
own health decisions and behaviours.150 The DESMOND model is also underpinned by adult learning
theory and psychological models of learning. These include Leventhal’s common sense model,151 the dual
process theory152 and social learning theory.153

The Let’s Prevent intervention was designed as a group educational programme with a written curriculum
suitable for the broadest range of participants, to be deliverable in a community setting for ease of access for
patients and to have the potential to be integrated into routine care in the future. As per the DESMOND model,
the programme was approximately 6 hours in duration, deliverable in either one full day or as two half-day
equivalents. It was designed to be facilitated by two trained health-care professionals (educators) to a group of
5–12 participants with PDM, who had the option of bringing an accompanying person.

The session content was developed by a core multidisciplinary team, founded on a sound evidence base
and guided by the following:

l a review of the literature surrounding nutrition, exercise and educational principles
l pragmatic decision-making on best practice where the evidence base was ambiguous, lacking or conflicting
l the philosophy of DESMOND, which calls for non-directive methods of education to be used. It

recognises that individuals with PDM have insight and expertise in relation to their own food choices.
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The DPP and DPS informed the key messages regarding food. The key food goals within the
curriculum were:

l sustained weight reduction of > 5% of body weight
l moderate reduction in total fat intake to < 30% of energy intake
l lower saturated fat intake to < 10% of energy intake
l higher fibre intake of > 15 g per 1000 kcal.

The key physical activity messages were taken from the PREPARE programme.148 The PREPARE study
demonstrated that pedometer use was an effective means of improving glucose tolerance in those with
PDM when incorporated as part of an educational programme.50,154 As in the PREPARE study, Let’s Prevent
participants were given a pedometer to encourage regular goal-setting and to facilitate monitoring of their
physical activity levels. The physical activity target was for participants to increase their daily step count by
4500 steps, which is equivalent to approximately 45 minutes of walking. It was suggested that this goal be
broken down into smaller, more achievable, goals, such as increasing steps by 500 a day every fortnight,
in order to provide sufficient time for participants to adjust to their new level of activity.

In addition, participants were given a handbook containing a summary of the key messages and a plethora
of other useful resources to help further integrate their knowledge. There was a health profile sheet,
which displays a continuum of risk for the following risk factors: fasting blood glucose, 2-hour blood
glucose, BP, total cholesterol, HDL cholesterol, BMI, waist circumference and pedometer counts (steps).
Glucose targets were adapted from the WHO diagnostic criteria for diabetes;155 BP, cholesterol, BMI and
waist circumference were taken from the Department of Health document on cardiovascular risk
assessment;156 and step count targets were adapted from those proposed by Tudor-Locke and Bassett.157

Participants plot their biomedical and anthropometric data along continuums to build up a personalised
picture of their risk profiles. They subsequently complete an action plan targeting their selected area of
behaviour change to help them to achieve their goals. Tape measures were also provided to encourage
regular monitoring.

The broad curriculum content for Let’s Prevent is detailed in Tables 12 and 13.

The Medical Research Council (MRC) Framework for Complex Interventions to Improve Health has
internationally recognised criteria to inform the development and evaluation of any lifestyle intervention
programmes.158 The MRC guidance recommends that all interventions undertake a process of
development, feasibility and piloting, evaluation and implementation. In order to develop the Let’s Prevent
programme, the methodology previously used in the development of the DESMOND programme was
used.159,160 This methodology encompasses a pragmatic iterative approach, similar to an ‘audit cycle’,
whereby data are collected and analysed to obtain feedback and suggestions from key stakeholders,
including patient and public involvement, health-care providers and facilitators (trainers, educators and
interpreters). Each cycle involves identifying potential modifications that could be made; piloting these
changes and collecting both qualitative and quantitative data, analysing the data and reflecting on; their
implications; and making refinements and adjustments. The cycle is repeated until the pilot stage suggests
that the intervention is fit for purpose (Figure 6).

First phase of the pilot of the Let’s Prevent programme
(October–November 2007)

Recruitment
During screening at a medical practice in Leicestershire, 83 individuals with English as their first language
were identified as having been diagnosed with PDM in the past 12 months. An invitation letter
(see Appendix 7) was sent to all 83 individuals inviting them to take part in the pilot study, which was
followed by a telephone call 1 week later. A total of 38 individuals (46% of those identified) responded
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TABLE 13 Let’s Prevent curriculum outline: session 2

Session 2 Theory Sample activity
Duration
(minutes)

Reflections SLT Participants reflect on issues that have arisen in the programme
so far

10

Professional story CSM Uses participants’ stories to support them in discovering how
other risk factors (e.g. high BP and cholesterol) affect PDM and
the development of complications

30

Taking control 2:
food choices – focus
on fats

DPT, SLT Provide knowledge and skills for food choices to reduce risk
factors

50

Self-management
plan

SLT Participants supported in developing their self-management
plans

30

Questions CSM Check that all questions raised by participants throughout the
programme have been answered and understood

40

What happens next? SLT Follow up care outlines 5

CSM, common sense model; DPT, dual processing theory; SLT, social learning theory.
Note
Adapted from Gray et al.,146 table 2, © Gray et al.; licensee BioMed Central Ltd. 2012. 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. Also adapted from Troughton et al.,145 table 1, © The Author 2015.
Published by Oxford University Press on behalf of Faculty of Public Health. This is an Open Access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

TABLE 12 Let’s Prevent curriculum outline: session 1

Session 1 Theory Sample activity
Duration
(minutes)

Introduction – – 10

Patient story CSM Participants asked to tell their story about how they discovered
they had PDM and their current knowledge of PDM

30

Professional story CSM, DPT Uses participants’ stories to support them in learning how the
body regulates glucose

50

Taking control 1:
weight management

CSM, DPT, SLT Uses participants’ stories to support them in discovering how
weight/waist affects PDM (provides knowledge and skills for
food choices to control weight)

30

Physical activity CSM, DPT, SLT Uses participants’ stories to support them in discovering how
physical activity affects PDM (provides knowledge and skills for
activity choices to manage PDM)

40

How am I doing? SLT Participants reflect on what issues have come up in the
programme so far

5

CSM, common sense model; DPT, dual processing theory; SLT, social learning theory.
Note
Adapted from Gray et al.,146 table 2, © Gray et al.; licensee BioMed Central Ltd. 2012. 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. Also adapted from Troughton et al.,145 table 1, © The Author 2015.
Published by Oxford University Press on behalf of Faculty of Public Health. This is an Open Access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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favourably to the initial invitation, although 35 actually attended the pilot programme (42%). The most
common reasons for not wanting to attend were being unable to take time off work and ill health.
The average age of those who attended was 65.83 ± 6.56 years, and 34% were female. On average,
participants were significantly older in the group that responded positively [mean 65.34 years, standard
error (SE) 1.06 years] than in the group that did not respond or responded negatively (mean 0.11 years,
SE 1.33 years, t (81) = 2.996; p < 0.05). There was a significant association between participants’ sex and
whether or not they responded positively (p < 0.05). The odds ratio indicates that participants were more
likely to attend if they were male.

Three pilot Let’s Prevent programmes were delivered: two in the half-day format (group 1: n = 11;
group 2: n = 11), and one full-day version (group 3: n = 13). The interventions were delivered by two
trained educators.

Qualitative data collection
Qualitative data were gathered to ascertain both participants’ and educators’ experiences of the
programme. Data were collected via observation, telephone and face-to-face interviews, and focus groups.
To inform and facilitate the qualitative data collection process, flexible topic guides (see Appendices 8–10)
were developed by trainers and qualitative researchers. Some additional lines of questioning were also
suggested by educators. Interviews and focus groups were audio-recorded and observations were recorded
using written notes.

1. Development and revisions
Identification of modifications 
needed to meet the needs of 
target population
• training schedules for educators
   and interpreters
• curriculum modifications
• additional and alternative resources
• process of delivery (e.g. timing, venue)
• quality development procedures

2. Piloting
Changes made to
• training
• curriculum
• resources
• process
• quality development

4. Collation of data
Qualitative research methods
• thematic approach
• framework
• process
• quality development

5. Interpretation and reflection
Involving trainers and researchers
• discussion involving identification
   of meaning and implications
• consideration of need for 
   further changes

Baseline pedometer count

3. Data collection
Quantitative research methods

Questionnaires
• physical activity
• diet
• illness perception

Qualitative research methods

Gathering feedback using 
focus group, interviews and 
observation from:
• educator and interpreter training 
   and quality development
• educators delivering education 
   sessions
• interpreter facilitating education
   sessions
• patients attending the sessions

FIGURE 6 The cycle of programme development.

DOI: 10.3310/pgfar05020 PROGRAMME GRANTS FOR APPLIED RESEARCH 2017 VOL. 5 NO. 2

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Davies et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

43



Measurements
Baseline measurements were taken in the week prior to participants receiving the intervention,
and follow-up measurements were taken 2 weeks after participants had attended their final programme.

Physical activity
Participants who took part in the pilot study received a SW200 pedometer (Yamax Corporation, Tokyo,
Japan) and log sheet in the post 1 week prior to the intervention. These pedometers were one of the most
widely used pedometers in clinical research at the time of the study and have been proven to have good
reliability and validity.161 Participants were instructed to wear the pedometer for 7 consecutive days prior to
attending the pilot programme and to record the number of steps they took each day on the log sheet.
In order to ensure that the pedometer was worn correctly, participants were provided with clear written
instructions and a diagram depicting correct pedometer placement. The participants were also given
a contact number in case any further assistance was required. Participants were asked to keep wearing the
pedometer for 2 weeks after attending the pilot programme and to continue recording their daily step
counts. At the end of the 2-week period participants returned their log sheet along with their follow-up
questionnaire to the research centre. For the purposes of this study, at least 3 valid days of data were
required per week; a valid day constituted at least 12 hours of collected data.

Physical activity was also measured by the International Physical Activity Questionnaire (IPAQ) (last 7-day
short form) and was reported in MET-minutes/week derived from vigorous intensity, moderate intensity,
and walking activity. The IPAQ has been found to be a valid and reliable measure of physical activity.162

Illness perceptions
Illness perceptions were measured by the validated Brief Illness Perception Questionnaire.163

Diet
Food intake was measured using the Dietary Instrument for Nutritional Education (DINE) food frequency
questionnaire. The DINE food frequency questionnaire was designed to be a quick and easy way of
measuring fibre, total fat and unsaturated fat intake in primary care.164 As dietary fat and fibre intake are
the dietary variables that are most likely to influence glucose control and the development of diabetes,165

the DINE food frequency questionnaire was considered an ideal instrument for use in the pilot study.

Statistical analysis
It was recognised that our sample was not powered to give meaningful outcomes but would give us some
guidance on the direction of the results, so we undertook some data analysis using SPSS version 16.0
(SPSS Inc., Chicago, IL, USA) software. Paired sample t-tests were used to test for within-group differences
between the pre- and post-programme measurements if the data were normally distributed and homogeneity
of variance was assumed. Non-parametric data were analysed using Wilcoxon’s signed ranks test.

Qualitative analysis
Transcriptions or detailed notes from the interviews, focus groups and observations were reviewed to
achieve familiarisation. A thematic approach was adopted, bearing in mind the aim of informing the next
phase of the development process. Analysis of the data involved the use of framework charts166 to
summarise and organise the information collected, followed by reflection and interpretation.

Quantitative results
Baseline and follow-up results are detailed in Table 14.

Reassuringly, there was an increase in self-reported fibre intake and a decrease in self-reported total fat
intake. Participants also reported an increase in perceived knowledge of PDM, perceived knowledge of the
consequences of PDM and an increase in the perceived effectiveness of lifestyle change in controlling/
treating their PDM status. Although there was an increase in self-reported walking activity, as measured by
the IPAQ questionnaire, there was no difference between baseline and follow-up pedometer counts.
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Qualitative findings
Sixteen participants were interviewed, including representatives from each of the three educational
sessions, using topic guides (see Appendices 8–10).

Understanding of prediabetes mellitus
All the participants conveyed that they were motivated to attend the education sessions to find out
information about their condition and what they could do to prevent progression to T2DM. The findings
suggested that after attending the course they understood the concept of insulin resistance and how it is
affected by physical activity and diet.

If doors are open then insulin can get through to cells and it’s important to have exercise.

Overall, a feeling of empowerment and motivation to do something about their condition was expressed
by patients.

I find it helpful because I like to know about things, then you can face them better and deal with
them better.

Ball is in our court; it’s up to us now.

Food games
The type of fats game and the food continuum section of the curriculum proved to be insightful and
provided participants with the necessary information and tools to bring about changes to their diets. It was

TABLE 14 Phase one baseline and follow-up data

Variable
Number of complete
data sets

Baseline
value

Follow-up
median

Significance
(two-tailed t-test)

Perceived effect of IGT (consequences)a 23 1 3 0.01

Timeline associated with IGTa 22 4 3 0.30

Perceived control over IGTa 23 5 7 0.08

Perceived response efficacy of lifestyle
change at treating IGTa

35 9 10 0.04

Perceived symptom loada 25 0 0 0.19

Concern at having IGTa 23 9 10 0.90

IGT coherence (knowledge)a 25 5 7 < 0.01

Emotional representationsa 25 1 1 0.45

Total fibre score 25 28 37 < 0.01

Total fat score 24 19 18 0.21

Total unsaturated fat 23 9 10 0.13

Total walking activity (MET minutes/week) 24 891 1386 0.01

Overall moderate- to vigorous-intensity
physical activity (MET minutes/week)

23 2376 2772 0.99

Pedometer counts (steps per day) 14 5500 4700 0.97

a Questionnaire items used a 10-point Likert scale.
Note
Adapted from Troughton et al.,145 table 2, © The Author 2015. Published by Oxford University Press on behalf of Faculty of
Public Health. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any
medium, provided the original work is properly cited.
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noted that some patients had already made changes prior to attending the sessions. Some of the reasons
behind the decision to make these changes included taking part in screening and receiving the diagnosis
of PDM, other health conditions and an increased level of personal awareness about the importance of a
healthy lifestyle. Nevertheless, these participants still benefited from the sessions, describing them as
helpful, informative and useful for reinforcing what they already knew.

I learnt some surprising things about foods . . . I found that was helpful.

The findings suggested that all participants had made changes to their diets after attending the sessions.

We are trying to think the last time we had cake.

Physical activity games
Although participants sometimes had difficulty in recalling the details of specific physical activity games,
it was clear from the feedback that they had gleaned key messages. These included increasing their levels
of activity in terms of the number of steps, duration and breaking up activity into smaller sized chunks.
Among some patients, the findings indicated that they had also thought about the type of activities that
they currently undertake and the fact that some of these, such as housework and gardening, could be
increased to help contribute to their daily activity targets.

Ongoing use of resources
Attitudes to the continued use of the pedometer were mixed. Of those who said that they would continue
to use the pedometer, the view was that it was a useful tool to assess how they were doing on a daily
basis and that it helped them to improve their physical activity levels. Other reasons cited were that it gave
them some control, provided encouragement and enabled them to monitor their progress and set goals.
Those who indicated that they were not likely to continue using their pedometers said that they were
already achieving the levels of activity required on a daily basis.

We’ve been doing walking since we went on the course which I have found very helpful and the
weight is still going down.

Key messages
When asked what key messages they had taken from the course or what they would tell a friend about
what they had learnt, participants described these as losing weight, eating properly (in particular reducing
saturated fat) and looking at types of food eaten. Others spoke of the need to exercise and to read labels
carefully when shopping, as they can sometimes be misleading.

Discussion
The analysis and reflections on qualitative findings indicated that, overall, there was a good level of
acceptability and effectiveness for the education sessions. These sessions had resulted in patients having an
increased understanding of the nature and implications of their diagnosis, and participants had also
assimilated key messages about lifestyle changes with regard to diet and physical activity. The findings also
helped to identify where modifications were required to further refine the training, curriculum and resources.

This pilot study demonstrated that the prevention programme was successful at targeting several important
illness perceptions and health behaviours. The substantial increase in perceived knowledge of PDM is
important because work from our research group has shown that changes in perceived knowledge of PDM
are closely linked to health behaviour change in the longer term.164 The increase in the perceived effectiveness
of lifestyle change at treating/controlling PDM is also important because it suggests that participants
developed positive outcome expectations associated with engaging in health behaviour change as a result of
the intervention. Outcome expectations surrounding treatment strategies have been shown to be linked to
adherence to treatments, quality of glycaemic control and general quality of life in individuals with T2DM.167–169
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Despite participants reporting an increase in walking activity, overall pedometer counts remained
unchanged after the intervention. This is in contrast to a more comprehensive RCT conducted by our
research group testing the efficacy of structured education at increasing physical activity levels in
individuals with IGT. Data from this trial found that physical activity, as measured by a sealed pedometer,
significantly increased by 2600 steps.148 Wearing an unsealed pedometer and keeping a daily steps-per-day
log has been shown to result in a substantial short-term increase in ambulatory activity, even when no
further instruction is given;168 therefore, the reactivity effect of wearing a pedometer and keeping a
steps-per-day log in the week prior to the educational programme may have masked any intervention effect.

Engaging participants by telephone prior to the course was felt to contribute to the good uptake of
participants attending the programme. The results gave positive feedback for the feasibility of recruiting
participants to a prevention programme in the general population, as demonstrated by the positive
recruitment rate.

Refinement of the Let’s Prevent programme
Following the feedback from the first pilot phase changes were made to the curriculum. Revisions were
made to the risk factor and complication section and some changes were made to the pre-course materials
that participants received. The physical activity section was simplified and educators all received further
training. Advice was sought from the PREPARE study team to see how the physical activity messages could
be enhanced and the curriculum was modified to incorporate these recommendations. New educational
resources were also developed. To overcome the problem of patients changing their physical activity levels
before the intervention, it was decided that for the RCT sealed pedometers would be issued to collect
baseline data. Patients would then be issued with an unmasked pedometer for personal recording when
they attended the Let’s Prevent programme.

Second phase of the pilot of the Let’s Prevent programme
(March–April 2008)

The main purpose of the repilot was to check the changes to the curriculum, resources and retraining of
educators. The quantitative and qualitative methodologies used were those adopted in the first pilot.
Changes were made to the topic guides used for collecting qualitative data to reflect our primary interest
in evaluating the impact and effectiveness of the modifications made in response to the first pilot.

Recruitment
During screening at a medical practice in Leicestershire, 26 individuals with IGT who had English as their main
language were identified. A letter of invitation to take part in the pilot study was sent out to all 26 individuals.

Of these, 14 individuals (54%) responded positively to the letter, of whom six (23% of those initially
invited) actually attended the pilot programme. The main reason for declining was being unable to attend
on the pilot date. The average age of those who attended was 59.16 ± 10.94 years and 83% were
male. On average, participants were older in the group that did not respond or responded negatively
(mean 63.82 years, SE 2.31 years) than in the group that responded positively (mean 60.42 years,
SE 2.74 years). However, this difference was not significant [t(27) = –0.949; p > 0.05].

Intervention
The refined Let’s Prevent programme was delivered as one 6-hour programme (group 1: n = 6). Owing to
the positive outcomes of the first phase pilot, it was considered that repiloting with a single group would
be adequate to address the aims of this second pilot.

Quantitative results
Although the pilot numbers were too small to detect meaningful outcomes, an analysis was conducted to
provide an early indication of direction. Baseline and follow-up results are detailed in Table 15.

DOI: 10.3310/pgfar05020 PROGRAMME GRANTS FOR APPLIED RESEARCH 2017 VOL. 5 NO. 2

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Davies et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

47



Participants’ self-reported walking activity, total energy expenditure and fibre intake all improved post
intervention; however, these differences were non-significant. Pedometer counts and self-reported total fat
intake were found to improve significantly post intervention and, although the small sample size means that
results cannot be generalised, it was nevertheless a pleasing indication of the success of the programme.

Qualitative findings
Four out of the six patients who attended the education session were interviewed by telephone using a
topic guide (see Appendices 8–10).

Understanding of diagnosis and insulin resistance
A general level of awareness of participants’ diagnostic tests was obtained through attending screening and
reading leaflets that accompanied the screening session. However, attending the course further helped their
knowledge, and participants illustrated how it was used to bring about changes to their diet and lifestyles.

Avoiding things that look all right but are not particularly good for you, like processed foods.

With the exception of one patient, who had read her patient leaflets prior to attending the course, all had
difficulties in remembering the term ‘insulin resistance’. However, when prompted through the use of the
term ‘rusty locks’, it was clear that they had understood the explanations extremely well and found it an
interesting way of explaining the concept, as illustrated by the following comment.

Yeah, that was quite an interesting bit actually the way she was explaining, um you may have quite a
bit of insulin in the blood but if the locking mechanism is not working the cell . . . It was not about
being able to produce enough insulin . . . it was about getting it into the cells from that point of view
to me it was very informative.

TABLE 15 Phase two baseline and follow-up data

Variable
Number of complete
data sets

Baseline
value

Follow-up
median

Significance
(two-tailed t-test)

Perceived effect of IGT (consequences)a 5 1 2 0.29

Timeline associated with IGTa 4 2 4.5 0.29

Perceived control over IGTa 5 5 7 0.16

Perceived response efficacy of lifestyle
change at treating IGTa

5 9 10 0.59

Perceived symptom loada 5 0.5 2 0.14

Concern at having IGTa 5 6 8 0.68

IGT coherence (knowledge)a 5 1 6 0.10

Emotional representationsa 5 1.5 5 0.20

Total fibre score 5 36 52 0.09

Total fat score 5 41 26 0.05

Total unsaturated fat 5 10 10 1.00

Total walking activity (MET minutes/week) 5 1307 4158 0.07

Overall moderate- to vigorous-intensity
physical activity (MET minutes/week)

5 3755 8303 0.10

Pedometer counts (steps per day) 5 5831 8555 < 0.01

a Questionnaire items used a 10-point Likert scale.
Note
Adapted from Troughton et al.,145 table 3, © The Author 2015. Published by Oxford University Press on behalf of Faculty of
Public Health. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any
medium, provided the original work is properly cited.
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Key messages
Overall, patients felt that the key message was about addressing their lifestyle in relation to their diets and
exercise, particularly in relation to the amount and type of fats consumed, including hydrogenated fat,
and the amount and intensity of exercise. For two of the patients, key messages also included understanding
their risk of developing diabetes mellitus in the future.

If you don’t change and carry on willy nilly, you will probably end up with type 2 [diabetes].

And the more you can do you can either offset it or you know prolong the onset. I thing we all pretty
much understood that you know we’re not diabetic and we’re not guaranteed to become diabetic.

Physical activity
Participants’ understanding and knowledge of the impact of physical activity on their condition was
evident among all the patients. They also discussed in more specific terms the number of steps required for
walking; using the stairs instead of lifts; walking instead of using the car; duration of activity; and being
able to break down activities into chunks of 10 and 20 minutes. All of the patients were physically active
prior to attending the course, through either their work or their hobbies, and stressed that their key focus
was to ensure they continued to maintain or increase their activity levels.

I have taken on board that exercise will help.

I am actually yeah I mean on my afternoon shifts I decided to walk to work rather than take the car
’cos I don’t have to be in till . . . I can walk home if it’s a nice night as well.

Ongoing use of resources
All but one of the participants said that they would carry on using the pedometer. Their comments
showed that the pedometer was used as a motivational tool.

I wear it all the time. I get quite a thrill to see how many steps I done in a day so you know I
compared day against day and task against task you know so yeah that’s encouraging.

The one patient who will not be using the pedometer in the future felt that, although it gave him ‘an
interesting snapshot’ of his activity levels, he is aware of his normal level of activity on a daily basis and,
therefore, felt that it was not necessary to use a recording device.

Action plans
All of the patients were committed to an action plan that would help them to reduce their BP and/or
cholesterol. They were all confident about their ability to continue with the changes that they were making
in their lives. Their commitment to achieving their goals through measures such as reducing fat and
taking/maintaining exercise was very evident.

I am really hoping not to let it slip . . . want to carry on and achieve more goals.

Summary
The results provided positive feedback on the feasibility of recruiting participants to a prevention
programme in the general population, as demonstrated by our positive recruitment rate. Overall, the pilot
study provided encouraging evidence for the effectiveness of the Let’s Prevent programme at targeting
illness perception and promoting health behaviour change.

Following the implementation of the second cycle of qualitative feedback, it was felt that the process had
led to the development of an educational programme that was fit for purpose and ready to be delivered to
people from an English-speaking population with a diagnosis of PDM. Although some minor modifications
to the education sessions were suggested during the second cycle of revisions and piloting, it was felt that
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further repiloting would not be required after making the necessary changes. The effectiveness of this
education package now required formal evaluation, which would form the basis of the RCT.

Drafting a curriculum for black and minority ethnic participants

Although T2DM is a significant health problem for the general population, there is a higher risk of T2DM
and premature heart disease for individuals from South Asian backgrounds.170 Therefore, it was imperative
to develop a culturally informed and appropriate intervention for this at-risk population, whose dietary
practices and frequently reported low levels of physical activity contribute to the onset of T2DM.144 At the
time of developing the Let’s Prevent programme, studies investigating the prevention of diabetes mellitus
in migrant populations in the UK were lacking. Given that NICE guidelines state that those identified as
having a moderate or high risk of developing T2DM should be offered culturally appropriate information
or support in a range of formats and languages, including structured education, in order to assist them to
make lifestyle changes,13 it was considered necessary to design and tailor the Let’s Prevent programme
to meet the needs of ethnically diverse communities.

Previous qualitative research159,160 helped to modify the DESMOND module for people newly diagnosed with
diabetes mellitus from BME groups living in the UK. Although this work did include some work with African
and African Caribbean populations, the main focus of the research centred on providing education that met
the language, literacy and cultural needs of the South Asian population with T2DM. It appeared that the
previous methodology used was helpful in the process of modifying the programme to be relevant to the
South Asian community, and so owing to its previous success, the same methodology was employed to
inform the development of a Let’s Prevent (BME) curriculum. The Let’s Prevent (BME) programme was
developed to address the specific needs of the South Asian population living in the UK, many of whom do
not speak English. The key educational messages remained the same as in the standard Let’s Prevent
programme; however, minor changes were made to ensure that the food and activity messages were
relevant to the South Asian culture. The main change was the identification and development of additional
teaching resources (images and models) that reduced reliance on written formats, and that could potentially
facilitate delivery to those for whom English is not a first language. Educational resources were developed
specifically to take into account the language, literacy and cultural needs of people from a South Asian
background with PDM. Many of the images and other visual resources were derived from those already
developed for the DESMOND newly diagnosed module, with some additions, such as an image for insulin
resistance and supplementary materials to address the increased emphasis on physical activity. As with the
generic programme, participants were enabled to assess their personal risk by filling in a personal health
profile. The targets were adapted to be appropriate for the South Asian population.

Based on the DESMOND model for BME groups, the programme was designed to be delivered as four
sessions of 3 hours, facilitated by two trained health-care professionals and two trained interpreters.
Previous work has demonstrated that using interpreters adds considerably to the delivery time and
effectively doubles the length of time required per session.171 The outline curriculum for the BME
programme is shown in Table 16.

Piloting and refining of the Let’s Prevent (black and
minority ethnic) programme

The methodology used to develop and refine the BME programme mirrored that used for the generic
programme, as described earlier in this report. This involved an iterative process including the use of
qualitative and quantitative data collection. Owing to the small sample size, we recognised that there would
be limitations in undertaking statistical analysis, which would not be sufficiently powered to accurately
detect differences. Nevertheless, it was felt that undertaking such an analysis would give an indication of
the direction of results, and statistical analyses were performed for this reason. Topic guides were adapted
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TABLE 16 Let’s Prevent BME curriculum outline

Session Theory Sample activity

Duration, educator
time + interpreter time
(minutes)

Session 1

Introduction – – 10+ 10

Patient story CSM Participants are asked to tell their story about how
they discovered that they had PDM and their
current knowledge of PDM

30+ 30

Professional story CSM, DPT Uses participants’ stories to support them in
learning how the body regulates glucose

45+ 45

How am I doing? SLT Participants reflect on issues that have arisen in the
programme so far

5 + 5

Session 2

Reflections SLT Participants reflect on issues that have arisen in the
programme so far

10+ 10

Taking control 1:
weight management

CSM, DPT,
SLT

Uses participants’ stories to support them in
discovering how weight/waist affects PDM
(provides knowledge and skills for food choices to
control weight)

30+ 30

Physical activity CSM, DPT,
SLT

Uses participants’ stories to support them in
discovering how physical activity affects PDM
(provides knowledge and skills for activity choices
to manage PDM)

40+ 40

How am I doing? SLT Participants reflect on issues that have arisen
during the programme so far

5 + 5

Session 3

Reflections SLT Participants reflect on issues that have arisen in the
programme so far

10+ 10

Professional story CSM Uses participants’ stories to support them in
discovering how other risk factors (e.g. high BP
and cholesterol) affect PDM and the development
of complications

45+ 45

Taking control 2: food
choices – focus on fats

DPT, SLT Provides knowledge and skills for food choices to
reduce risk factors

20+ 20

How am I doing? SLT Participants reflect on issues that have arisen in the
programme so far

5 + 5

Session 4

Reflections SLT Participants reflect on issues that have arisen in the
programme so far

10+ 10

Taking control 2: food
choices – focus on fats

DPT, SLT Provides knowledge and skills for food choices to
reduce risk factors

30+ 30

Self-management plan SLT Participants supported in developing their
self-management plans

30+ 30

Questions CSM Checks that all questions raised by participants
throughout the programme have been answered
and understood

10+ 10

What happens next? SLT Follow-up care outlines 5 + 5

CSM, common sense model; DPT, dual processing theory; SLT, social learning theory.
Note
Adapted from Troughton et al.,145 table 1, © The Author 2015. Published by Oxford University Press on behalf of Faculty of
Public Health. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any
medium, provided the original work is properly cited.
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to reflect any additional areas of interest relevant to the target population (see Appendices 8–10) and
interpreters were included in the stakeholder groups from whom qualitative data were collected.

Recruitment
During screening at a Leicester medical practice, 29 individuals from a South Asian ethnic background,
for whom English was not their first language and with PDM that had been diagnosed in the past 12 months
were identified. A letter of invitation to take part in the pilot study was sent out to all 29 of these
individuals, followed 1 week later by a telephone call from a Gujarati-speaking administrator. Twenty-one
individuals responded positively to the initial invitation (72% of all identified), of whom 14 attended
the pilot programme (48%). The main stated reason for not wanting to take part was being unable to
attend on the dates specified. The average age of those who attended was 53.36 ± 7.39 years and
57% were female. On average, participants were older in the group that did not respond or than
responded negatively (mean 60.88 years, SE 4.47 years) than in the group that responded positively
(mean 53.24 years, SE 1.83 years). However, this difference was not significant [t(27) = –1.58; p > 0.05].

Intervention
The Let’s Prevent BME programme was delivered over 4 half-days in two groups (group 1: n = 9; group 2:
n = 5). All participants in both groups attended all four of the half-day sessions. The 6-hour programme was
delivered by two educators and two interpreters who were trained to deliver the Let’s Prevent BME curriculum.

Quantitative results
Although the sample is too small to provide sufficient power for conclusive statistical analysis, the trend in
results are detailed in Table 17.

The quantitative results from this study were limited by the fact that only around half of the participants
adequately filled out and returned their questionnaire; consequently, only limited conclusions can be

TABLE 17 Phase one BME baseline and follow-up data

Variable
Number of complete
data sets

Baseline
value

Follow-up
median

Significance
(two-tailed t-test)

Perceived effect of IGT (consequences)a 8 3 4 0.10

Timeline associated with IGTa 8 5 3.5 0.10

Perceived control over IGTa 8 7 7 0.75

Perceived response efficacy of lifestyle
change at treating IGTa

8 8 8 0.58

Perceived symptom loada 8 2 1 0.07

Concern at having IGTa 8 7 6 0.23

IGT coherence (knowledge)a 8 5 7 0.35

Emotional representationsa 8 5.5 3.5 0.06

Total fibre score 8 35 33 0.69

Total fat score 8 21 14 0.25

Total unsaturated fat 8 9 9 0.90

Total walking activity (MET minutes/week) 8 742 742 0.73

Overall moderate- to vigorous-intensity
physical activity (MET minutes/week)

8 1001 2235 0.13

Pedometer counts (steps per day) 5 4981 7753 < 0.01

a Questionnaire items used a 10-point Likert scale.
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drawn from this pilot study. Nevertheless, the intervention resulted in a large reduction in feelings of
depression and anxiety (emotional representations) resulting from a diagnosis of PDM. This may have
important implications in terms of how individuals self-manage their PDM in the future. The improvement
in pedometer counts proved to be highly significant, with an average increase of 2772 steps per day.
Although we recognise that the small sample size had a limit on the generalisability of the findings, this
certainly appeared to be a very positive trend.

Qualitative findings
There were two focus groups held after completion of the final education session for the two groups of
patients. A total of 12 people participated, three of whom were relatives of patients. The first focus group
was conducted in Gujarati and English and the second in English only.

Understanding of prediabetes mellitus
The comments received from all the patients suggested that they were more confident about their
understanding and knowledge of PDM than before the course. Their comments also showed that they felt
empowered and motivated to do something about it.

Well, I understand that you are at risk and when you are diabetic there’s a lot of things that will affect
your lifestyle and I need to change that. After coming to these courses . . . I am really going to try
because I don’t want to become a diabetic myself.

Those who came to the BME sessions had been motivated to attend to find out information about their
condition and what they could do to prevent progression to T2DM, and they appeared to have gained an
understanding of insulin resistance.

Locks cannot get any sugar energy so it’s like having a rusted lock. You need to be more active to
open this lock, get exercise and diet and everything.

When asked what had been learnt through the food continuum game, the overall comments in one group
were about portion sizes, using less oil, increasing fibre and eating more fruit and less fried food. In both
groups, comments about the food sections of the curriculum included the contribution of the sessions to
their understanding of fats in their diet. This included dispelling myths about sunflower oil, which is
commonly used in this community and is widely perceived as containing no cholesterol.

A lot of our people think that sunflower oil is good for you.

Although some South Asian foods were included in the BME version of the food continuum, one of the
focus groups highlighted that this game should be made even more relevant to Asian diets to help people
to relate more directly to the messages that were being given.

I was a little bit disappointed. I thought they would have more examples of Asian foods because we all
eat a lot of Asian foods. If they couldn’t get Asian foods then they could have got pictures, you know.

. . . message is the strongest if people can relate to it themselves, if there is a high Asian population.

We are 100% Asian and that is who you are targeting here.

Physical activity games
When asked about the physical activity games, all participants had difficulty in recalling individual games
but they had assimilated key messages including those related to types of activity such as walking,
gardening and housework.

. . . it’s about it being vigorous.

DOI: 10.3310/pgfar05020 PROGRAMME GRANTS FOR APPLIED RESEARCH 2017 VOL. 5 NO. 2

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Davies et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

53



Ongoing use of resources
All participants in one group felt that they would continue to use their pedometer, for a number of
different reasons, including monitoring their progress, helping to establish a routine, encouragement and
giving them some control. Patients in the other group had used their pedometers and worked out their
average levels of activity, and most felt that they would be able to increase their levels without using a
pedometer. Only one person in this group said that they would continue to use it to help with motivation.

Interpretation for education sessions
The overall view was that it would be useful to have a choice of sessions for South Asian patients.
The BME sessions were attended by some fluent English-speaking South Asian patients, who indicated
that they would have preferred to have sessions delivered in English only, since interpretation lengthened
sessions and consequently increased the time that they needed to take off work. Those who spoke English
less fluently said that they had benefited from having interpretation, as it aided their understanding and
also helped to enable them to respond to questions. The use of images for this group, with verbal
explanations from educators and interpreters, had also helped reinforce participants’ understanding of
what was being said.

Style of delivery
A question about the educators’ style of delivery was asked when obtaining feedback from those who had
attended the BME sessions. Responses suggested that they had found this excellent and that they had felt
very comfortable about asking questions during the sessions. Very positive views were expressed about the
non-didactic DESMOND style of education.

Telling you is more like college education. People like us, even though we know the language, this
was something new that came into our lives. We need to be in the primary education level. This is
what DESMOND was doing, telling you with pictures as well as educating your mind and making you
more aware.

Discussion
The analysis of and reflections on qualitative findings indicated that, overall, there was a good level of
acceptability and effectiveness of the BME version of the Let’s Prevent programme. The findings also
identified where modifications were required to further refine the training, curriculum and resources to
meet the needs of the BME population. The pilot specifically highlighted the fact that there are a group of
patients from the BME community who want to attend a programme that is culturally relevant to them but
that is delivered without interpreters.

The study yielded a high positive response rate (72%), which serves to highlight the merits of engaging
participants by means of a telephone call from someone from the BME population with the appropriate
language skills. The pilot study also suggested that the percentage of eligible participants willing to attend
the prevention programme may be increased by running evening/weekend sessions, as the programme
was limited to weekday sessions. Piloting also highlighted the need to provide culturally and linguistically
appropriate resources.

Refinements to the black and minority ethnic programme and repilot
Key changes implemented to education sessions for the second cycle of the pilot included the following.

Curriculum and resources

l Physical activity section revised and simplified.
l Inclusion of more food models of Asian fruits and vegetables to promote positive messages and more

Asian foods overall (e.g. chapattis, chickpeas) in order to promote more active discussion.
l Facilitation notes and prompts were added to promote links between certain sections of the

curriculum, to reinforce key messages, to promote continuity and to increase clarity.
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l Revision of the presentation of risk factors and complications.
l Some changes to pre-course materials given to participants.
l Amendment of the action planning section for the BME curriculum.
l Organisational issues, for example, storage space for resources for education sessions.

Additional format for black and minority ethnic session
It was agreed to pilot a culturally appropriate education session for English-speaking South Asians without
interpreters. It was decided to pilot one programme delivered without interpreters as two 3-hour sessions,
as per the general Let’s Prevent format, but with BME food and activity sessions from the Let’s Prevent
BME programme.

Second phase of pilot of the Let’s Prevent (black and
minority ethnic) programme (March–April 2008)

As with the repiloting of the standard (general population) programme, the main purpose of the
BME repilot was to check the changes to the curriculum, resources and retraining of educators.
The methodology used was the same as for the first pilot, with topic guide modifications to reflect our
primary interest in evaluating the changes made after the first cycle of piloting (Appendices 8–10).

Recruitment
During screening at two Leicester practices, 40 individuals were identified with IGT from a South Asian
ethnic background, for whom English was not necessarily their main language. A letter of invitation to
take part in this pilot study was sent out to all 40 of these individuals, and this was followed 1 week later
by a telephone call from a Gujarati-speaking administrator. Twenty individuals (50% of those invited)
responded positively to the invitation, of whom 10 (25% of those originally invited) attended the pilot
programme. The main reason for not wanting to take part was being unable to make the pilot dates.
The average age of those who attended was 57.40 ± 12.03 years and 60% were female. On average,
participants were older in the group that did not respond or responded negatively (mean 60.75 years,
SE 3.02 years) than in the group that responded positively (mean 56.35 years, SE 2.50 years).

Intervention
The diabetes mellitus prevention structured educational programme developed by our research group
specifically for South Asian individuals was delivered in two groups. The first consisted of 4 half-days in one
group (group 1: n = 4). This 12-hour programme was delivered by two educators who were trained to deliver
the BME curriculum of the prevention programme. Each group-1 session was attended and interpreted by
trained Guajarati interpreters. The group-2 programme (n = 6) was delivered over 2 half-days. The 6-hour
programme was delivered by two trained educators, but participants did not require an interpreter.

Quantitative results
Table 18 shows the quantitative results. Owing to the limited sample size, no firm conclusions can be
drawn; however, fibre intake, pedometer counts and perceived knowledge all significantly increased.
Furthermore, there was a trend for an increase in self-reported walking activity and energy expenditure.

Qualitative findings
A focus group was held with seven South Asian participants who attended the education sessions
delivered in English without interpreters, but with culturally appropriate resources. The sessions were
received very positively by all those who gave feedback.

They done [sic] it nicely.

DOI: 10.3310/pgfar05020 PROGRAMME GRANTS FOR APPLIED RESEARCH 2017 VOL. 5 NO. 2

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Davies et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

55



The inclusion of additional South Asian food models in response to feedback from the first pilot appeared
to have assisted with engagement.

They have done it very, very well, even with our food.

Patients expressed surprise on hearing about fats and their influence on the development of diabetes
mellitus, as illustrated by the following comments:

I did not realise about oil and fats – all causes it [diabetes].

If I stop eating sugar but carry on eating fatty food I will still get it [diabetes].

Participants particularly valued the contribution of food games, as they perceived a contribution of Asian
diets to the development of diabetes mellitus.

Our food is totally different that is the biggest issue, we have oily foods and we fry.

Patients thought that sessions delivered in English for South Asian patients would be really helpful for
younger people from these communities for their ‘future lives’. The value placed on the sessions was
reflected in the view that more people from South Asian communities should be encouraged to attend this
type of programme to obtain the benefits of what they had learned.

Just be careful for yourself and take care with diet, do much more exercise.

TABLE 18 Phase two BME baseline and follow-up data

Variable
Number of complete
data sets

Baseline
value

Follow-up
median

Significance
(two-tailed t-test)

Perceived effect of IGT (consequences)a 9 1.5 2 1.00

Timeline associated with IGTa 9 3 4 0.48

Perceived control over IGTa 9 8 8 0.40

Perceived response efficacy of lifestyle
change at treating IGTa

9 8 10 0.29

Perceived symptom loada 9 1 0 0.36

Concern at having IGTa 9 8 5 0.59

IGT coherence (knowledge)a 9 8 10 0.03

Emotional representationsa 9 3 2 0.46

Total fibre score 9 29 44 < 0.01

Total fat score 9 15 15 0.33

Total unsaturated fat 9 10 10 0.31

Total walking activity (MET minutes/week) 10 693 891 0.45

Overall moderate-to-vigorous physical
activity (MET minutes/week)

10 1040 3651 0.14

Pedometer counts (steps per day) 9 6592 8526 0.02

a Questionnaire items used a 10-point Likert scale.
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Summary
The results provide positive feedback for the feasibility of recruiting participants to a lifestyle management
programme in the BME population, as demonstrated by our positive recruitment rate. Overall, the pilot
study provided encouraging evidence for the effectiveness of a prevention programme at targeting illness
perception and promoting health behaviour change in a multiethnic community.

The comments from patients about the food games were very positive and affirmed that the changes
made to the curriculum were acceptable. Following the implementation of the second cycle of qualitative
feedback, it was felt that the methods used had led to the development of a model for the provision of
fit-for-purpose education for people with a diagnosis of PDM from a BME population, specifically targeted
at the South Asian population. As with the general population module, it was felt that further repiloting
would not be required after making the minor modifications suggested during the repiloting and that the
effectiveness of this education package now required formal evaluation.

Development of a quality-development programme

Quality development is a requirement of the NICE criteria for educational interventions.149 The DESMOND
Training and Quality Development programme was an initiative in health-care professional training,
which was awarded the Health Service Journal Award 2007. The Training and Quality Development
programme was originally developed by a task group of the DESMOND collaborative (a multidisciplinary,
multiorganisational group of health-care professionals, academics and people with diabetes mellitus)
to support the clinical trial of DESMOND. Through involving educators, trainers and patients in the
development process, the programme created training, mentorship and continued professional development
that was uniquely integrated with the patient education programme being delivered. This method of
quality development has been piloted and now used successfully for the DESMOND newly diagnosed
module. Therefore, this training and quality-assurance model was deemed to be transferable to the Let’s
Prevent programme.

A quality-development programme was developed for the Let’s Prevent programme to ensure that the
educational intervention was delivered in a standardised way, to ensure that core content and learning
outcomes were achieved and to ensure that educator behaviour was closely allied to the programme’s
philosophies and learning theories (Figure 7).

The quality-development programme consists of both internal and external processes. The internal
processes encourage educators to reflect on their practice using self-reflection sheets and peer-reflection
sheets (see Appendix 11), providing educators with a feedback tool for personal development. The
external component of the quality-development programme is an adapted DESMOND observation sheet,
used to check content and process indicators of observable educator behaviours, and an adapted
DESMOND observer tool, used to assess the interaction of the educator and the group (see Appendix 12).

These tools can be used by educators to identify areas for personal development and also by external
trained assessors to provide quantitative data. These data provide a mechanism by which to accredit
educators and inform the ongoing development of the training programmes.

Development of an educator training programme

Despite the existence of many self-management education programmes in the UK for those living with
long-term conditions, current evidence suggests that these programmes have variable outcomes.
One possible reason, highlighted by NICE in 2003, is the variable nature of the delivery of the programmes
by health-care professionals, especially given that none has clearly described the education in terms of skills,

DOI: 10.3310/pgfar05020 PROGRAMME GRANTS FOR APPLIED RESEARCH 2017 VOL. 5 NO. 2

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Davies et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

57



attitudes and behaviours demonstrated by the educators, without which monitoring for internal consistency
cannot take place.149 The training programme for educators was developed by a core multidisciplinary team,
in partnership with the DESMOND collaborative. The DESMOND collaborative were approached as they
have proven to have national success at developing training programmes for educators.

The ‘Train the Educator’ programme for the Let’s Prevent initiative aimed to familiarise educators with the
content and resources of the Let’s Prevent curriculum. Adequate training enables educators to become
confident and competent to deliver the programme in accordance with its learning theories and
philosophy. The training programme was delivered by trainers in a style that reflects the learning theories
and philosophy underpinning the Let’s Prevent programme.

The ‘Train the Educator’ programme was designed to allow some flexibility in the way theory and practical
sessions are delivered by the trainers. The dual-processing approach ensured that knowledge and skills
were elicited rather than taught didactically, and this was further developed through experiential exercises,
reflection and debate. A core element of training was to model sessions to trainees who take on the role
of participants. By enacting a participant’s perspective, they were simultaneously experiencing the
programme and learning from the observation of specific behaviours portrayed by the trainers. This process
was interspersed with opportunities for trainees to practice delivering the curriculum in a safe environment,
and it also allowed time for reflection, which enabled participants to review their own skills. The process
was supported with a ‘Train the Educator’ manual, a curriculum and other resources provided for trainers
to retain, read and reinforce their learning.

Piloting the training
The trainers delivering the training programme were experienced in developing and delivering ‘Train the
Educator’ programmes as part of a national training strategy group. Five health-care professionals
(one dietitian, one practice nurse, two research nurses and one diabetes mellitus specialist nurse) were
recruited to be trained as educators and to deliver the intervention for the pilots. Educators attended
training in October 2007.

Complete educator training

Copies of the QD documentation
 will be supplied once you 

have completed your training

• DOS
• DOT

Practise

If not able to deliver courses
 straight after training, practise

course content to keep 
training fresh in your mind

Courses 1–3

After each of your first 
three courses, each 

educator completes a 
self-reflection sheet

Courses 4 and 5

Complete peer review
sheets (i.e. for each 
other in your teams

of two)

Request QD visit

• A maximum of TWO educators can be assessed in an external visit
• Send photocopies of completed five most recent self-reflection and 
   peer review sheets to the Research Office

After course 5, inform Research Office you would like an external visit

First external visit

• Educators to be assessed using DOS at patient course
• Please note for the DOT sessions each educator will be assessed on
   specific sessions (please see DOS)
• Action plan to be agreed between educator and assessor after course

Second external visit

Within 6 months of
first visit

FIGURE 7 Quality-development pathway. DOS, DESMOND observation sheet; DOT, DESMOND observer tool;
QD, quality development.
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The initial training day was evaluated by qualitative researchers, who obtained data from both trainers
and educators using focus groups, interviews and written observational notes (see Appendices 13–16).
In addition, data were obtained from a formal feedback session in which educators and interpreters shared
their experiences and reflections with the Let’s Prevent research and development (R&D) team. Feedback
was invited in relation to the training day and the implementation of the pilot education sessions.

An analysis of the data involved the use of framework charts166 to summarise and organise the information
collected. Subsequently, meetings between the members of the R&D team (including the co-ordinator,
trainers and qualitative researchers) were held to reflect on the key issues that had emerged and to
consider the implications for the refinement of the training programme.

Educators generally gave very positive feedback about the training, with typical comments being:

It was great to be part of something new.

Good to work with a variety of educators and have the opportunity to work with new people.

The support of trainers made us welcome.

DESMOND values were shown in the delivery of training.

Constructive suggestions for improving the training programme were also extracted from the collated
qualitative feedback. These included:

l more practice modelling sessions would be beneficial where curriculum changes have occurred
l information about the resources that patients receive prior to the course and action taken would be

useful for educators
l 2 days of training would have been better than one long day
l pre-course reading would have been useful.

Refinements to the training programme
Based on feedback, the training programme and resources were reviewed and the changes needed were
identified. These included:

l modifying the training programme to be a 2-day programme
l including more modelling sessions
l producing pre-course reading material.

In response to the feedback obtained and the modifications identified, an additional training day was
organised to address the needs of the educators who had already undergone the 1-day training as part of
the first pilot.

Future needs
The following organisational needs were also identified for implementation prior to or as part of the
planned RCT:

l more ‘Train the Educator’ programmes would be required in preparation for the RCT
l it was identified that more educators would need to be trained in order to meet the demands of

the study
l it would be necessary to implement a quality-development process.
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Development of the training programme for educators and interpreters to
deliver Let’s Prevent (black and minority ethnic)
As per the standard training, the training programme for educators and interpreters for Let’s Prevent (BME)
was developed by a core multidisciplinary team, in partnership with the DESMOND collaborative.

It was decided that the ‘Train the Educator and Interpreter’ programme would involve educators already
trained to deliver the general population module. For these educators it would take the form of one
additional day of training, which would also be attended by interpreters. The aim of this day was to
familiarise educators and interpreters with the content of and resources for the Let’s Prevent (BME)
curriculum. It was felt that the majority of the programme could be delivered to both educators and
interpreters concurrently, but that some time was required to enable interpreters to become familiar
with the learning theories and philosophies of the programme, to ensure that when interpretation was
delivered, it was in a style that reflects the learning theories and philosophies of Let’s Prevent.

The training programme included opportunities for educators and interpreters to ‘have a go’ at working
together to deliver the curriculum in a safe environment and time for reflection to allow participants to
review their own skills. As new resources had been developed to ensure that the programme was not
reliant on written words, educators and interpreters had an opportunity to practice using some of the
pictorial stickers designed to replace writing on the flip charts and the other visual resources. The process
was supported by a ‘Train the Educator’ manual, a curriculum and other resources for trainers to retain,
read and reinforce their learning.

Piloting the training programme
The trainers delivering the training programme were experienced in developing and delivering ‘Train the
Educator’ programmes as part of a national training strategy group. Five educators (one dietitian, one practice
nurse, two research nurses and one diabetes mellitus specialist nurse) were recruited to be trained as educators
and to deliver the intervention for the pilots. Three trained interpreters were recruited to be trained as
interpreters for the Let’s Prevent BME programme. The initial training day in November 2007 was evaluated by
the qualitative researchers using methods described for the general population module training. This included
the collection of data from interpreters and a second dedicated feedback day to elicit responses on the BME
training and initial piloting. The training programme was positively evaluated by the educators, and interpreters.

I enjoyed all the day especially cultural awareness session.
Educator

For my own professional development – it was a learning curve.
Educator

From an interpreter point of view, all sessions with various professionals were good.
Interpreter

Specific comments and suggestions for improving the training programme extracted from the feedback
from educators, interpreters, and trainers included:

l more practice modelling sessions would be beneficial where the curriculum differs from the
PDM curriculum

l information about resources that patients receive prior to the course and action taken would be useful
for educators

l more background information about South Asian diets and methods of cooking for educators would
have been useful

l DESMOND philosophy training was seen as very useful by interpreters
l more background information on research evidence on PDM for educators would be welcomed
l the cultural awareness session and practice working with interpreters were positively received.
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Refinements to the training programme
Based on feedback, the training programme and resources were reviewed. Modifications needed were
identified as including:

l more modelling sessions for educators and interpreters to work together
l pre-course reading materials
l signposting to sources of cultural awareness/competency information.

Prior to the second pilot, these needs were addressed during the additional 1-day training session
organised as described in relation to training for the generic (general population) programme.

Future needs
The organisational needs that were highlighted reflected those identified for the generic population
programme, namely:

l more ‘Train the Educator and Interpreter’ programmes will be required in preparation for the RCT
l it will be necessary for more educators to be trained as trainers to meet the demands of the study
l quality-development process for educators and interpreters will need to be implemented
l we are analysing an externally led cultural awareness programme for our Diabetes Research Group.

Summary

Overall, in terms of the Let’s Prevent intervention, both the qualitative and quantitative data revealed a
positive change in health behaviours (mainly increased walking and physical activity levels) and beliefs and
knowledge related to the prevention of T2DM. The BME adaptations were well received, with individuals
seeming to gain value from having culturally appropriate resources. The recruitment strategy also proved
feasible. Regular feedback was used throughout with regard to the ‘Train the Trainer’ programme and
the Let’s Prevent intervention itself. This allowed for maximum input from a variety of stakeholders.
In accordance with the MRC recommendations, the development team took into consideration the
suggested improvements and made the necessary amendments. Finally, the intervention was considered
fit for purpose and ready to be tested in a RCT.
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Chapter 5 The randomised controlled trial protocol

This chapter uses excerpts from Gray et al.,146 reproduced courtesy of BioMed Central. 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.

Aims and objectives

The aim of the Let’s Prevent study was to ascertain if a pragmatic, structured education programme
focused on lifestyle modification and behaviour change, in combination with regular telephone support,
was able to prevent the development of T2DM in people identified as having PDM through a two-stage
screening process within a primary care setting, and to assess if such an intervention was cost-effective.

The objectives of the study were to:

l provide a robust identification strategy for those at high risk of diabetes mellitus
l provide an appropriately structured education programme to target lifestyle modification and

behaviour change
l provide a culturally sensitive structured education programme for the BME community
l provide a support and motivational maintenance programme for the duration of the study
l evaluate the programme to provide a low-cost solution for practical health improvement.

The study had two phases. The first phase was a screening phase which identified people at risk of
PDM/T2DM through the use of a screening tool that had been developed and validated for use within
primary care. For further details of the development of the screening tool, see Chapter 3. The second
phase took participants who had been screened and found to have PDM and recruited them into a cluster
RCT, designed to test the effectiveness of a structured education programme in preventing progression to
T2DM. This chapter will outline the methodology of the two phases.

Phase one: screening for prediabetes mellitus

Identification of those at high risk of prediabetes mellitus/type 2
diabetes mellitus
All participating GP practices received a ‘practice pack’ which provided general information and contact
numbers for the study. All practices had an induction visit from the project lead and research assistant who
provided training and support. The LPRS (see Chapter 3), which used practice-level ethnicity as a proxy for
individual ethnicity, was used to identify those at high risk of PDM/T2DM using data routinely stored on
individual GP practice computer databases.

The LPRS was calculated as follows:

LPRS = 0.0407 × age (years)

+ 0.296 (if male; no change if female)

+ 0.934 (ethnicity, as practice proportion of South Asian)

+ 0.0859 × BMI (kg/m2)
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+ 0.440 (if family history of diabetes mellitus; no change otherwise)

+ 0.374 (if on antihypertensive medication; no change otherwise)

Before the risk tool was applied to a practice database, the quality of the data completion was assessed.
If BMI data were found to be recorded in < 40% of those registered, practices were asked to increase this
before the risk tool was used. The risk score was calculated for all those listed in participating practice. The
practice list was then ranked by risk score, with those with the highest scores having the highest risk.146

The top 10% of patients with the highest score were invited for screening initially. This 10% limit could be
increased to generate further invitations and increase inclusion in the study if required. Where the top
10% of the risk score identified fewer than 500 patients, all patients within the top 10% were invited.
Where the number of eligible patients identified in the top 10% was > 500, the first 500 patients within
the top 10% were invited.146 If the response rate to initial invitations was sufficient, a second mailing of
invitations was not conducted. This was based on past findings where the positive response rate to the
first mailing had been 17% and to the second had been approximately 7%.

If the response rate to the first mailing was insufficient, a further mailing was carried out. In practices in
which all participants in the top 10% were mailed, the second mailing was to those who had not
responded to the initial mailing. In practices in which only the first 500 patients within the top 10%
received the initial mailing, a second mailing was directed at any patients from the top 10% who were
not mailed previously.

A computer programme was written to automate this process, which produced an Excel spreadsheet
listing all those registered in the practice and their risk scores in descending order. This programme is
now freely available for UK practices to download and use (see http://leicesterdiabetescentre.org.uk/
The-Leicester-Diabetes-Risk-Score).

The invitation included a patient information sheet and a reply sheet, so patients could register their
interest in taking part in the study (see Appendices 17 and 18). A self-addressed envelope was provided
for returning slips. Patients were also given the number of a dedicated telephone line to contact if they
were interested and/or required further information. Written informed consent was taken from all
participants and participants were informed that they were able to withdraw from the study at any time.

Inclusion/exclusion criteria

Participants were invited for screening if they fulfilled the following criteria:

l high risk according to the LPRS
l aged 40–75 years if white European, or 25–75 years if South Asian.

Participants were excluded from the screening study if they were/had:

l unable to give informed consent
l pregnant or lactating
l established diabetes
l a terminal illness
l required an interpreter for a language other than Gujarati.

The differential included age ranges for white European and South Asian participants were chosen to
reflect the fact that South Asians, as well as being at higher risk than their white European counterparts,
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also develop the disease at an earlier age. The Southall and Brent Revisited study showed that people from
BME communities were diagnosed, on average, 5 years earlier than white Europeans.172 Therefore, any
prevention initiative should begin at an earlier age for these groups; this also reflects NICE guidance for
screening those at risk of T2DM.126

Baseline screening visit
All participants who had been identified by the LPRS as being at high risk for PDM/T2DM and who had
accepted the invitation for screening were given an appointment to attend a local clinic (see Appendix 19).
Following an informed consent process, a number of clinical assessments and measurements were
performed (see Appendix 20 for an example of a consent form).

Oral glucose tolerance test

An OGTT was performed at baseline. Participants were sent instructions for the OGTT along with their
appointment date and time, which requested that they fast from midnight the night before their OGTT
(see Appendix 19). A baseline set of bloods was taken before the participant was given a glucose load of
75 g in the form of Lucozade (Lucozade Ribena Suntory Ltd, Uxbridge, UK) (410 ml for 70 kcal/100 ml
Lucozade). Timing of the 2-hour interval was taken from the start of the Lucozade drink. A post-load
glucose sample was taken at 120 minutes. All participants who were identified as having PDM took part in
the RCT (see Appendices 21–24). The OGTT was repeated at 12, 24 and 36 months to check the
participant’s diabetes mellitus status. Participants who did not consent at baseline to an OGTT were not
entered into the study on the grounds that their diabetes mellitus status could not be assessed. These
individuals were referred back to their GP for standard care.

If a participant had an OGTT result in the range for diabetes mellitus at screening they were recalled as
soon as possible for a second, confirmatory test (see Appendix 25). In accordance with WHO criteria,
diabetes mellitus was defined as a fasting blood glucose ≥ 7.0 mmol/l and/or 2-hour plasma glucose of
≥ 11.1 mmol/l. If a participant was found to have diabetes mellitus at screening, they were excluded from
the study and were referred back to their GP for commencement of standard diabetes mellitus care
(see Appendices 26 and 27).

Venous blood tests

Blood tests were collected at baseline and repeated at 12, 24 and 36 months (Table 19).

TABLE 19 Venous blood tests

Timing Biochemical parameter Collection method

Fasting samples Fasting glucose 2.7 ml of fluoride

Lipidsa 4.7 ml of serum gel

HbA1c
a 2.7 ml of EDTA

LFTs Included in 4.7 ml of serum gel

Biomarkers 2 × 9 ml of EDTA and 9 ml of serum gel

120 minutes Glucose 2.7 ml of fluoride

Whole genetic blood 9ml of EDTA

EDTA, ethylene-diamineteraacetic acid; LFT, liver function test.
a Also performed at 6 months.
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This amounted to a total of 49 ml of blood for the baseline, 12-, 24- and 36-month blood tests, and 8 ml
for the 6-month test.

In-study assessments

In-study assessments were carried out alongside the blood tests at baseline and at 6, 12, 24 and
36 months post randomisation. Details of all clinical assessment and timelines are summarised in Table 20.
(For examples of the case report form and patient questionnaire, see Appendices 28 and 29.)

TABLE 20 Clinical assessments and measures

Measurements

Time point (months)

0 6 12 24 36

Clinical assessment

Medical history ✗ ✗ ✗ ✗

Medication history ✗ ✗ ✗ ✗

Physical exam ✗ ✗ ✗ ✗

Cardiovascular risk score ✗ ✗ ✗ ✗ ✗

Presence of metabolic syndrome ✗ ✗ ✗ ✗ ✗

Anthropometric

3 × BP ✗ ✗ ✗ ✗ ✗

Height ✗ ✗

Weight ✗ ✗ ✗ ✗ ✗

Waist circumference ✗ ✗ ✗ ✗ ✗

Blood tests

OGTT ✗ ✗ ✗ ✗

HbA1c ✗ ✗ ✗ ✗ ✗

Lipids ✗ ✗ ✗ ✗ ✗

Urea and electrolytes ✗ ✗ ✗ ✗

LFT ✗ ✗ ✗ ✗

Questionnaires and lifestyle measuresa

IPAQ (short form) ✗ ✗ ✗ ✗

DINE ✗ ✗ ✗ ✗ ✗

BIPQ ✗ ✗ ✗ ✗ ✗

HADS ✗ ✗ ✗ ✗ ✗

15D ✗ ✗ ✗ ✗ ✗

7-day step count ✗ ✗ ✗ ✗ ✗

Urine sample ✗ ✗ ✗ ✗

EQ-5D ✗

15D, health state descriptive system; BIPQ, Brief Illness Perception Questionnaire; EQ-5D, European Quality of Life-5
Dimensions; HADS, Hospital Anxiety and Depression Scale; LFT, liver function test.
a See Table 21 for details of questionnaires.
Note
Adapted from Gray et al.146 table 1, © Gray et al.; licensee BioMed Central Ltd; 2012. 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.
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Body mass index was calculated after body weight and height were measured. Weight was measured in
light clothing without shoes. Height was measured at baseline and 36 months only. Waist circumference
was measured with a soft tape on standing participants, mid-way between the lowest rib and iliac crest.
Hip circumference was measured over the widest part of the gluteal region and the waist-to-hip ratio
calculated. Three BP recordings were obtained from the arm of the participant in a sitting position after
5 minutes of rest, with at least 2 minutes between readings, and the mean value of the second and third
readings was calculated, discounting the first. All clinical measurements were carried out as detailed by
Diabetes Research Network standard operating procedures. Seven-day step count was assessed by giving
all study participants a sealed piezoelectric pedometer (NL-800). Participants were asked to wear the
pedometer fitted to their trunks (placed on right anterior axillary line) for 7 consecutive days during waking
hours (see Appendix 30). Participants were provided with a stamped addressed envelope to return the
pedometers to the study co-ordinators.

Study questionnaires

A health and dietary questionnaire was completed by the participant with assistance from a trained nurse
or research assistant at baseline and at 6, 12, 24 and 36 months (see Appendix 29 for the 36-month
questionnaire). The questionnaires covered several areas, as summarised in Table 21.

Participants also self-reported on two questions concerning sleeping pattern (‘How many hours’ sleep did
you get last night?’ and ‘On average, how many hours do you sleep in 24 hours?’). This was assessed at
baseline, 12, 24 and 36 months. These data were included, as there is accumulating evidence for an
association between short sleep time (< 6 hours per 24 hours) and long sleep time (≥ 10 hours per
24 hours) and metabolic dysfunction (i.e. T2DM).176 Furthermore, lifestyle intervention trials have reported
improved sleep hygiene and reduced risk of developing T2DM.177

Justification for biomarkers
Biomarkers of inflammation confer an increased risk of diabetes mellitus and CVD. The development of
robust, inexpensive commercial assays will allow these potentially powerful predictors of common diseases
to be utilised in clinical practice. Prospective studies in at-risk populations are invaluable testing grounds for
such markers and simultaneously provide insight into pathogenesis, which may ultimately lead to novel
therapeutic approaches.

TABLE 21 Questionnaire data collected

Questionnaire topic/instrument Area of assessment

Basic demographic details Smoking status, alcohol consumption, occupation, ethnicity

Medical and medication history Previous/current medical and medication history

The validated DINE164 Dietary fat and fibre intake

The validated 15D173 Quality of life

The validated HADS174 Depression and anxiety relating to diagnosis of condition and the care
provided thereafter

The validated BIPQ163 Cognitive and emotional representations of illness

The validated IPAQ (short form)162 Health-related physical activity

The validated EQ-5D175 Quality of life

15D, health state descriptive system; BIPQ, Brief Illness Perception Questionnaire; EQ-5D, European Quality of Life-5
Dimensions; HADS, Hospital Anxiety and Depression Scale.
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Despite a growing body of research, the physiological relevance of adipokines for the development of
insulin resistance and atheroma has not yet been established. Low adiponectin concentrations are
associated with a greater risk of diabetes mellitus and myocardial infarction, and data from animal and
human studies suggest an insulin-sensitising, anti-inflammatory role for this protein. It is especially relevant
to focus further adipokine studies on groups at risk of diabetes mellitus and vascular disease.

Adiocytokines, such as tumour necrosis factor-alpha (TNF-α), interleukin 6 (IL-6), leptin and adiponectin,
have been shown to predict the risk of developing T2DM and CVD and are thought to be directly involved
in the pathogenesis of these chronic diseases.178–180 Circulating levels of adipocytokines are predominantly
influenced by levels of adiposity and have been proposed as an important meditating link between obesity
and chronic disease.181 Data from our research group and others have also shown that moderate- to
vigorous-intensity physical activity, including walking activity, is associated with adipocytokines,
independent of body fat mass.182,183 However, evidence for the link between health behaviour change,
adipocytokines and incidence of T2DM is lacking from RCTs. Therefore, the inclusion of these biomarkers
as secondary outcomes in our study was deemed important to further our current understanding of
the mechanisms linking health behaviour change to the risk of developing T2DM.

Blood sampling was also conducted to allow the exploration of the role of vitamin D status in T2DM.
Vitamin D deficiency has consistently been linked to poor glycaemic control;184 however, evidence is
lacking from prospective studies. Therefore, taking these samples for future analysis will improve our
understanding of a potentially important causal factor in the increasing prevalence of T2DM. This is
particularly important for populations from a South Asian ethnic background who are known to have
a high prevalence of vitamin D deficiency185 and a high risk of developing T2DM compared with
white Europeans.186

Plasma vitamin C was also measured as a biomarker of fruit and vegetable intake. Diets characterised by
a high fruit and vegetable content have been associated with improvements in glucose control;187,188

therefore, we wanted a valid measure of fruit and vegetable intake. The term ‘fruit and vegetables’ covers
a wide range of food groups which differ between and even within different cultures,189 thus making
dietary assessment difficult. However, as well as reflecting short-term intake of vitamin C,190 plasma
vitamin C has consistently been shown to be correlated with habitual reported intake of fruit and
vegetables.191 The use of vitamin C as a biomarker had the added benefit of not relying on self-reported
food intake, which can often be subjective and inaccurate.192

It has previously been demonstrated that recommendations to increase fruit and vegetable intake can
produce an increase in vitamin C levels,193,194 and participants in the intervention arm of the study were
encouraged to increase their fruit and vegetable intake. Therefore, the use of plasma vitamin C as a
biomarker not only provided information about differences in intake between subjects at baseline but was
also a useful tool that demonstrated whether or not subjects in either control or the intervention groups
altered their fruit and vegetable intake after enrolment in the study.

Oxidative stress occurs when an imbalance between pro-oxidants and antioxidants occur in a biological
system, and it is widely accepted that oxidative stress functions as a precursor in the development and
progression of T2DM.195 It is proposed that the accelerated complications and increased risk of CHD seen in
T2DM is attributable to the presence of oxidative stress. Subjects with diabetes mellitus show both an increase
in levels of free radicals, substances that promote oxidative damage and a decrease in antioxidants.196

Antioxidants are substances that prevent or delay oxidation.197 Increasing fruit and vegetable intake may
beneficially increase essential antioxidant levels and thus reduce oxidative stress. It has been demonstrated
that participants who consume two to three portions of fruit daily have lower levels of lipid peroxidation.196

Plasma and urinary F2-isoprostanes are established biomarkers of lipid peroxidation in vivo.198 Therefore, we
also measured urinary F2-isoprostanes and, for this purpose, a urine sample was taken at baseline and at 12,
24 and 36 months. This allowed for the assessment of oxidative stress in relation to fruit and vegetable intake
as well as glucose tolerance.
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The biomarkers measured were:

1. inflammatory biomarkers (adipocytokine array)

i. adiponectin, leptin, resistin, IL-6, TNF-α, plasminogen activator inhibitor-1

2. inflammatory biomarkers (non-adipocytokine array)

i. high-sensitivity C-reactive protein, TNF-α, IL-6, plasminogen activator inhibitor-1

3. insulin resistance (homeostatic model assessment – insulin resistance)

i. insulin

4. vitamin D status

i. 25-hydroxyvitamin D, calcium, phosphate

5. vitamin C status

i. plasma vitamin C.

These samples have not yet been analysed and, therefore, the data from these samples are not included in
this report.

Justification for genetic study and samples
It would be interesting to study the associations and interactions of nutrition, physical activity, obesity and
genes in the development, or lack of, of T2DM. The genetic assessments were focused on genes for which
there is biological plausibility for interaction. The choice of genes and polymorphisms of interest was
decided by an experienced group of researchers. All consenting participants were genotyped for genetic
variants in key genes and data were analysed for gene–lifestyle interaction.

The demonstration of differential responses to lifestyle change by genotype not only would provide greater
aetiological understanding but would also present the opportunity to investigate possibilities to use genotypic
data in risk stratification and the identification of individuals who have the potential to benefit most from
targeted lifestyle modification. In addition, improved understanding of gene–lifestyle interaction and diabetes
mellitus risk would allow for the investigation of the policy implications for governments and industry.

Participants who did not wish to take part in the genetic study could opt out by indicating their preference
on the consent form. This did not affect their participation in the study to any degree. Participants were
informed that they could withdraw their consent to the storage and use of their genetic sample at any time.
Samples were identification number (ID)-coded at the point of collection. Participants were asked to sign a
specific consent form for allowing a sample to be taken for genetic analysis. The samples are retained at the
University Hospitals of Leicester in a locked freezer at –80 °C, where they will be stored for 10 years. They were
batched and sent for analysis at suitable times during the study. After 10 years the samples will be sent to a
national officially recognised ‘tissue bank’ for future research if they have not already been used.

Outcome measures

The primary outcome of the screening phase was the proportion of people detected with PDM or T2DM
using the LPRS (PPV). Secondary outcomes included the response rate to the invitation to screening.
Those with PDM took part in phase two, the diabetes mellitus prevention cluster RCT.
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Phase two: diabetes mellitus prevention cluster randomised
controlled trial study design

Phase two was a cluster RCT providing a structured intervention for people with PDM. Randomisation was
at practice level to negate contamination between individual participants. The practices were randomly
assigned 1 : 1 to either the standard core or intervention arm by a researcher who was independent of
the study team, using stratification by list size (< 6000, ≥ 6000) and ethnicity (percentage South Asian
< 21%, ≥ 21%; median level of per cent of South Asian in the ADDITION-Leicester study123). Although
randomisation occurred prior to recruitment, practices and participants were informed of their allocation in
the results letters after the screening/baseline measurements were complete to avoid selection bias. Phase
two was designed to adhere to internationally recognised criteria for developing complex interventions and
for undertaking and reporting cluster RCTs.158

Participants within the standard core practices were managed by nationally regarded ‘standard care’
guidelines for the condition, which consisted of participants being given an information booklet and general
lifestyle advice by their GP or practice nurse. The booklet gave information on risk factors for T2DM and
indicated how dietary and lifestyle changes and increased physical activity can be used to prevent progression
of the disease. The booklet gave information in accordance with Leventhal’s common sense model,151 to
address the causes, consequences, identity, control/treatment and timeline for participants with PDM.

Participants in the intervention practices were given the same written information as the control group
and were also invited to attend the ‘Let’s Prevent’ programme, which was a 6-hour structured group
education session. In addition, they received a telephone call every 3 months from nursing staff who
were trained to offer ongoing support in behaviour change and to encourage participants to achieve their
individual goals. Finally, each participant within the intervention arm was invited to attend a 3-hour
refresher session once per year. This session was designed to reinforce the key messages from the
programme, and allowed participants to re-examine their personalised risk profiles and set new
goals/update their action plans if necessary.

The intervention

The structured group education programme was named Let’s Prevent and was a modified version of
the DESMOND programme. It was based on published work performed locally for people with PDM.
Let’s Prevent educational sessions consisted of one full-day session (6 hours) or two half-day sessions
(3 hours each). In the case of the BME groups in which English was not readily spoken, the sessions
were delivered as four 3-hour sessions by educators and interpreters (who had also undergone training).
The programme followed a detailed written curriculum (see Chapter 4).

Outcome measures

The primary outcome was progression to T2DM at 3 years in people with screen-detected PDM.

The main secondary outcomes included:

l changes in participant’s glucose levels: HbA1c, blood glucose levels fasting and post-glucose load
l change in cardiovascular risk as calculated by the Framingham risk calculator
l 7-day step count
l presence of metabolic syndrome as defined by the National Cholesterol Education Program Adult

Treatment Panel III
l cost-effectiveness of the intervention (for a full description see Chapter 8)
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Inclusion/exclusion criteria

Participants were included in the RCT if they were:

l diagnosed with PDM
l aged 40–75 years if of white European ethnicity, or aged 25–75 years if of South Asian ethnicity
l able to attend group education sessions.

Participants were excluded from the study if they:

l were unable to give consent
l were unable to attend group education sessions
l were diagnosed with diabetes mellitus at screening
l required an interpreter for a language other than Gujarati.

Sample size

It was calculated that 748 participants would need to be recruited to participate in the study: 374 in the
intensive arm and 374 in the control arm, giving 280 per group after allowing for dropout. A substantial
proportion, estimated at ≈30%, was predicted to be from BME groups. Recruitment took place from
July 2009 to June 2011.

Assuming a 3-year cumulative conversion rate to T2DM of 35% in the control group, an intraclass
correlation of 0.05, an average of 17 participants per practice and a dropout rate of 20%, we calculated
that we would need 374 participants per group to detect a 40% risk reduction in the intervention group,
that is, data from 44 practices, with 80% power at the 5% significance level. One secondary outcome was
the percentage of participants in each group with a 10-year CVD risk > 20% at the end of 3 years. It was
estimated that 55% of participants would have a CV risk > 20%. To detect a difference between the two
groups of 20% of points in the proportion of participants with a 10-year risk of > 20% with 80% power
and two alpha of 5%, and an intrapractice correlation coefficient of 0.0551, the required sample size was
calculated to be 180 in the two groups.

Clinical assessments and measures
The clinical assessments and measurements that were taken at baseline during phase one of the trial were
repeated at various time points during the RCT (Table 20 and Figure 8). Follow-up assessments occurred at
6, 12, 24 and 36 months post-baseline visit.

Participation in the study consisted of:

l baseline screening visit with questionnaires, urine sample, OGTT, blood samples and clinical
assessments (approximately 3 hours)

l 6-month review with questionnaires, blood sampling, body weight and BP measurements
(approximately 1 hour)

l first year review with questionnaires, urine sample, OGTT and blood sampling (approximately 3 hours)
l second year review with questionnaires, urine sample, OGTT and blood sampling (approximately

3 hours)
l third year review with questionnaires, urine sample, OGTT and blood sampling (approximately 3 hours).
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Participants in the intervention arm additionally received the following:

l a structured education session within 1 month of the initial visit (1 × 6-hour session; 2 × 3-hour generic
course; 4 × 3-hour session for a BME group with interpreters)

l an additional group refresher programme (3 hours) each year for those in the intervention arm,
to consolidate previous learning and address any issues that had arisen

l a telephone call every 3 months from a nurse trained in motivational techniques, to offer support
and encouragement to participants in the intervention arm

l continuous support network, available via telephone and e-mail.

Management of those found to have type 2 diabetes mellitus
during the randomised controlled trial

Diagnosis of diabetes mellitus was made in accordance with WHO criteria/guidelines.8 In all subjects
without active symptoms of diabetes mellitus in whom the initial OGTT showed diabetes mellitus,
participants were recalled for a second OGTT to confirm diagnosis. Furthermore, after a protocol
amendment in January 2013, those who had HbA1c of ≥ 6.5%, regardless of their fasting and 2-hour
blood glucose values, were also called back for a confirmatory HbA1c test. Therefore, T2DM was diagnosed
using only an OGTT prior to January 2013, and with either an OGTT or a HbA1c test post January 2013 to
follow the updated WHO diagnostic criteria for T2DM.10 Progression to T2DM was the primary outcome,
and participants who were identified at follow-up as having T2DM were retained in the trial. Both
participants and their GPs were informed of the results of their tests. Participants remained in the study to
complete the questionnaires and other biomedical data; however, they did not undertake any further
OGTT. All study results were sent to the subjects’ GPs in the form of standard letters, and participants
were referred back to their GPs for commencement of diabetes mellitus care. If a participant was
diagnosed with T2DM by their GP between follow-up appointments, and they informed the study team,
this was confirmed via blood tests taken when participants next attended for follow up. In these
circumstances, participants were again excluded from any further OGTT, but their questionnaire and other
biomedical data were still collected.

Study personnel and sites

The study was coordinated by the research team based at University Hospitals of Leicester (Leicester Royal
Infirmary and Leicester General Hospital). Education sessions and clinical assessments took place at suitable
locations within the community to ensure minimum disruption and travel for participants. General practices
were approached individually and invited to take part by the primary care research network.

Data storage

Data were recorded directly on to individual participant data collection sheets. These source documents
were located in an on-site locked filing cabinet for secure storage along with the questionnaires filled in by
the participants. Laboratory reports that have checked and signed off by a nurse and a physician have
been retained within the participant’s pack, and were entered onto an access-controlled database on daily
basis. Self-evaluation data taken from questionnaires and structured contact report data were entered in
batches during the course of the study. Monitoring of the data collection occurred at regular intervals with
all data collection activities made in accordance with research governance and International Conference on
Harmonisation Good Clinical Practice guidelines.
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Data analysis

The study was reported in accordance with the internationally recognised Consolidated Standards of
Reporting Trials199 statement for the reporting of RCTs. A statistical analysis plan was written and agreed
by the principal investigator before the analysis began. Practice- and participant-level characteristics were
compared by intervention group, using either means (SD) or medians (interquartile range) for continuous
variables and counts and percentages for nominal variables. Cluster randomisation gives balance with
respect to cluster-level covariates but can lead to imbalance in participant-level covariates, and, therefore,
differences between the intervention groups were assessed using t-tests and chi-squared tests.

The primary outcome, progression to T2DM, was analysed on an ITT basis, as data were available for all
participants. The event rate per 1000 person years was calculated by intervention group. Cox proportional
hazards models with intervention group as a covariate were fitted, practices were assumed to have the
same frailty (i.e. a shared frailty model was fitted). Hazard ratios (HRs) along with their 95% CIs were
presented. The analysis was repeated excluding those from the intervention group who did not attend the
education sessions (per-protocol). We had, in addition, assessed the dose–response relationship between
level of attendance and the primary outcome; this is an exploratory unplanned analyses which should be
viewed as hypothesis-generating.

For all secondary outcomes, those who developed T2DM during the study had their last value from before
their diagnosis carried forward for the remainder of the study. This method was used in the previously
published PREPARE study. All secondary outcomes were analysed using generalised estimating equation
models with an exchangeable correlation structure, which adjusted for clustering. For binary outcomes we
used a logit link with a binomial distribution for the outcome, and for continuous outcomes we used an
identity link with a normal distribution. The analysis was conducted at each time point. The missing
outcomes were not replaced and we derived an average of continuous outcomes over time. This procedure
measures the cumulative effect of the intervention and has the maximum number of participants.

A sensitivity analysis was carried out for the main secondary outcomes. The analysis was repeated:
(1) excluding those from the intervention group who did not attend the education sessions (per protocol);
and (2) imputing any missing values using multiple imputation (ITT).

Subgroup analyses were performed for the primary outcome by PDM status (IGT, IFG, IGT and IFG, HbA1c

6.0–6.4%); age group (≤ 65 years, > 65 years); BMI (normal, overweight/obese); and risk score (≤ 6.04, > 6.04).

Adjustments were not made for multiple testing. All the results from planned analyses are reported and
small p-values are interpreted taking into account the overall pattern of the results. Statistical significance
was set at 5%. All analysis was conducted using Stata version 13.

Cost-effectiveness

A within-trial cost-effectiveness analysis was also conducted on the data to evaluate the cost-effectiveness
of the Let’s Prevent intervention compared with the standard care arm (see Chapter 8). Cost-effectiveness
was measured by the difference in costs divided by the difference in effects. Data were collected from
the participants via a case record form, and an economic questionnaire was introduced through the study
and given, at least, at patients’ 36-month clinic appointment. Cost-effectiveness was determined by:
(1) incidence of T2DM at 36 months, in line with the primary outcome; and (2) QALYs gained. Quality of
life was assessed using the health-state descriptive system (15D) questionnaire at baseline and all follow-up
points, and the European Quality of Life-5 Dimensions (EQ-5D) instrument was also employed as part of
the economic questionnaire. Base-case analysis for QALYs used the EQ-5D results and mapped 15D to
EQ-5D scores for the periods without EQ-5D data. Costs included all costs associated with delivering the
Let’s Prevent intervention, and all medications and health-care contacts. Missing data in costs and effects
were addressed using multiple imputation techniques.
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Ethics issues

Main research ethics committee approval and University Hospitals of Leicester Trust R&D approval were
sought before commencement of the study. This ensured that all ethics and indemnity issues were
adequately dealt with. Primary care approvals were obtained for Leicester City Primary Care Trust (PCT)
and Leicestershire County and Rutland PCT. The study was adopted by the South East Midlands Diabetes
Research Network, and also the East Midlands and South Yorkshire Primary Care Research Network.

An internal steering committee was established to oversee all activities required to determine safe and
effective conduct of the study, and to recommend conclusion of the trial when significant benefits or risks
developed, or in the case of the trial needing to be concluded early. The committee met on a regular basis
to review data and discuss; however, no issues were identified.

Participants were sent a participant information sheet (see Appendix 18) to read before they registered
their interest in taking part in the study by returning a response slip from the introduction letter or
telephoning the dedicated study telephone number. This allowed adequate time for the participant to
consider participation and actively seek involvement. An appointment was made for the participant to
discuss the study and ask any questions that they may have had. A glucose tolerance test and other study
assessments were then completed after informed consent had been obtained. All participants signed a
consent form (see Appendix 20) to take part in the study. The consenting procedure was undertaken by
research nurses and/or a suitably trained researcher before performing any study procedures. Training and
assessment of non-medical health-care professionals was provided by the trust’s R&D office.

Data were collected on to case report forms (see Appendices 28 and 29). All data were entered into a
restricted-access structured query language server database, held on the PCTs’ servers. This database was
protected and access was given to a minimal number of users to deal with participant confidentiality
issues. All study records were kept in a locked filing cabinet or room with limited access.

Additional consent was obtained for the taking and storage of samples for future genetic investigation,
as well as for follow-up qualitative interviews. These specific requirements were not a condition of entry
into the study, and participants could still be involved in the study if they did not wish to partake in the
genetic or qualitative components.

Participants who had provided consent to allow the research team to follow up their health status after the
study had finished will have their health status checked using sources that include general practice data,
secondary care data, and Office for National Statistics mortality data. Data extraction from GP practice
databases will be conducted using a Morbidity Query Information Export Syntax search based on
participants’ NHS numbers. Short- and long-term outcomes such as weight, BMI, BP, glucose, lipids, CVD
and the development of diabetes mellitus will be extracted. The help of the CCGs will be sought to obtain
mortality and hospitals admission data using participant’s NHS numbers. The data will then be stored at
the University Hospitals of Leicester and will be analysed independently by a statistician at the Leicester
Diabetes Centre who will not have any participant identifiable data.

Confidentiality of data was maintained through the coding of participant data and the safe storage of
paper and electronic data and audio tapes (which will be labelled with coded ID only).

Summary

The RCT was one of the first of its kind undertaken in the UK to look at the long-term effectiveness of a
structured education programme focused on a lifestyle intervention in those patients identified through a
risk-screening tool as being at high risk of T2DM. The Let’s Prevent study offered a unique and complete
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package, consisting of both screening and a subsequent intervention. Such an approach is in accordance
with other recommendations from research, such as the IMAGE project.47

National Institute for Health and Care Excellence guidelines around the prevention of diabetes mellitus also
call for the use of lifestyle interventions as an integral part of any diabetes mellitus prevention pathway.200

Although there has been much evidence to support the use of lifestyle interventions in improving health
behaviours, and empirical evidence for both the clinical effectiveness and cost-effectiveness of such
interventions have already been established, there is a lack of translational research in this domain. Let’s
Prevent specifically targeted implementation within a routine health-care setting and with a multiethnic
population for maximum transferability of results.

THE RANDOMISED CONTROLLED TRIAL PROTOCOL

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

76



Chapter 6 Screening results

This chapter is based on a subset of results reproduced with kind permission from Springer Science
+Business Media: Diabetologia, Implementation of the automated Leicester Practice Risk Score in two

diabetes prevention trials provides a high yield of people with abnormal glucose tolerance, vol. 55, 2012,
pp. 3238–44, Gray LJ, Khunti K, Edwardson C, Goldby S, Henson J, Morris DH, Sheppard D, Webb D,
Williams S, Yates T, Davies MJ, excerpts of text, tables 1–3.201

Introduction

As previously described (see Chapter 3), the LPRS was developed as a pragmatic way of screening primary
care databases for those with PDM or undiagnosed T2DM for invitation to screening in a multiethnic UK
population. Many risk scores have been developed and validated for identifying those at risk of T2DM,125,132,202

but the majority of these have not been used in practice and, therefore, there is a lack of evidence regarding
their use in real-life settings. In addition, the majority of risk scores used in practice to date have identified
those at risk of developing diabetes mellitus in the next 10 years rather than those with current PDM or
undiagnosed T2DM. A recent systematic review203 found that 18 risk scores had been developed specifically for
detecting PDM and undiagnosed T2DM and, of these, only three had published evidence of use in clinical
practice. Noble et al.132 concluded that, although much work had been done to develop risk scores for diabetes
mellitus, most of these were rarely used; the authors suggested that the reasons for this may include the fact
that they require data that are not routinely recorded or that scores were developed without a specific user or
clear use in mind. The aim of this chapter is to report the prevalence of PDM and undiagnosed T2DM found
when using a two-step screening strategy involving a risk score compared with a population-based approach.

Methods

The first phase of the Let’s Prevent study involved using the LPRS to identify people at risk of PDM
and T2DM for invitation to a screening session where they received an OGTT. Those found to have
undiagnosed T2DM were referred back to their GP; those with PDM were included in the cluster
randomised prevention trial. For the full methodology of this first phase see Chapter 5.

Statistical methods

The primary outcome of the screening phase was the proportion of people detected with PDM or T2DM.
Participants were categorised in accordance with WHO 1999 criteria.8 Anyone who had an OGTT result in
the diabetes mellitus range was recalled for a confirmatory test. In this study PDM was defined as IFG
and/or IGT. IFG was defined as a fasting blood glucose concentration of between 6.1 and 6.9 mmol/l inclusive
and IGT as a 2-hour blood glucose concentration of between 7.8 and 11mmol/l inclusive.

Although HbA1c was not used for diagnosis in this study, we also report data on the following categories
using HbA1c: 6.0–6.4% (42–47 mmol/mol), ≥ 6.5% (48 mmol/mol) and ≥ 6.0% (42 mmol/mol), and those
suggested by the ADA, namely 5.7–6.4% (38–47 mmol/mol) and ≥ 5.7% (38 mmol/mol).204 In addition,
we assessed the yield when using a fasting blood glucose concentration of 5.5–6.9 mmol/l to define IFG,
as recommended by NICE.126 We also assessed the response rate to the invitation to screening.

The response rates and prevalence were compared with those found in the ADDITION-Leicester study.123

As previously described (see Chapter 3), ADDITION-Leicester used a population-based screening approach
in the same locality as Let’s Prevent. Random samples of 40- to 75-year-olds (25- to 75-year-olds for those
of South Asian ethnicity) from 20 general practices were invited for an OGTT.
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Means (SDs) and counts (%) were used to summarise the data. Differences between the screening
approaches were assessed using the t-test for continuous variables and the chi-squared test for categorical
variables. The prevalence (PPV) of each glucose disorder was calculated. All statistical tests are two-sided
and p < 0.05 reflects statistical significance throughout.

Results

A total of 17,972 people from 44 practices were identified as high-risk in the Let’s Prevent Study; 19.2%
of those invited attended screening. No difference in response rate was found between Let’s Prevent,
where a risk score approach was used, and the population-based approach used in ADDITION
(22.0%, p = 0.88). In total 3449 participants were screened (Table 22). The mean age of participants was

TABLE 22 Characteristics of those screened compared to those screened as part of the ADDITION-Leicester study

Characteristic Let’s Prevent ADDITION-Leicester p-value

Number included 3449 6479

Age (years), mean (SD) 63.2 (8.1) 56.1 (10.8) < 0.0001

Sex (male), n (%) 2098 (60.8) 3221 (47.7) < 0.0001

Ethnicity, n (%)a

White European 2989 (86.7) 4688 (71.7) < 0.0001

Chinese 2 (0.1) 8 (0.1)

Caribbean/African 72 (2.1) 129 (2.0)

South Asian 368 (10.7) 1684 (25.7)

Mixed ethnicity 15 (0.4) 33 (0.5)

Weight (kg), mean (SD) 92.3 (17.9) 78.0 (16.1) < 0.0001

BMI (kg/m2), mean (SD) 32.4 (5.7) 28.1 (5.0) < 0.0001

Waist circumference (cm), mean (SD) 108.8 (12.9) 93.9 (13.2) < 0.0001

Males 110.5 (12.1) 98.6 (11.5) < 0.0001

Females 106.1 (13.5) 89.7 (13.2) < 0.0001

Systolic BP (mmHg), mean (SD) 145.3 (19.1) 137.0 (19.6) < 0.0001

Diastolic BP (mmHg), mean (SD) 86.1 (10.6) 85.4 (10.6) 0.01

Total cholesterol (mmol/l), mean (SD) 5.1 (1.0) 5.5 (1.1) < 0.0001

LDL (mmol/l), mean (SD) 3.0 (0.9) 3.5 (0.9) < 0.0001

HDL (mmol/l), mean (SD) 1.4 (0.4) 1.4 (0.4) 0.99

Fasting glucose (mmol/l), mean (SD) 5.3 (0.8) 5.2 (0.9) < 0.0001

2-hour glucose (mmol/l), mean (SD) 6.7 (2.7) 6.1 (2.5) < 0.0001

HbA1c (%/mmol/mol), mean (SD) 5.9/40 (0.5) 5.7/38 (0.6) < 0.0001

Antihypertensive therapy, n (%) 1939 (56.2) 1532 (22.7) < 0.0001

Statin therapy, n (%) 1215 (38.0) 737 (10.9) < 0.0001

Current smoker, n (%) 275 (8.0) 956 (14.2) < 0.0001

a Chi-squared tests compare white European vs. all other ethnicities.
Note
Reproduced with kind permission from Springer Science+Business Media, and modified with the permission of the authors:
Diabetologia, Implementation of the automated Leicester Practice Risk Score in two diabetes prevention trials provides a
high yield of people with abnormal glucose tolerance, vol. 55, 2012, pp. 959–66, Gray LJ, Davies MJ, Hiles S, Taub NA,
Webb DR, Srinivasan BT and Khunti K, table 1.201
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63.2 years, 60.8% were male, and the majority were of white European ethnicity (86.7%). Data were not
available for those who did not attend screening.

Compared with ADDITION-Leicester, those screened using the risk score approach were significantly older,
more likely to be male, heavier, had higher BP, glucose levels and HbA1c, and were more likely to be taking
lipid-lowering and antihypertensive medications. Higher levels of total cholesterol were observed in
ADDITION-Leicester, which is probably a reflection of the lower treatment levels with satins in this group
(see Table 22).

Overall, 30.1% of those screened had abnormal glucose tolerance when assessed using an OGTT (Table 23).
A total of 25.5% of participants were found to have PDM, of whom, the majority were people with IGT
(22.4%); 4.5% were found to have undiagnosed T2DM. Using a fasting glucose level of 5.5–6.9 mmol/l to
define PDM, as suggested by NICE, led to significantly more cases being identified (36.4% vs. 25.5%).
Across all categories of glucose disorder, more cases were picked up when using a risk score approach than
had been found in a study using a population-based screening approach.

Using HbA1c gave higher prevalence across all categories (Table 24). A total of 45.0% of participants had
an HbA1c of ≥ 6.0% (42 mmol/mol). Again, higher rates were seen in Let’s Prevent, which utilised a
two-step approach, than in the population-based approach. Using the cut-off points suggested by the
ADA204 significantly increased the yield across both screening approaches; for example, 75% of those
screened using the two-step approach had a HbA1c of ≥ 5.7% (38 mmol/mol).

TABLE 24 Percentage of abnormal glucose tolerance in those screened (PPVs) using HbA1c

Glycaemic category Let’s Prevent ADDITION-Leicester

HbA1c 6.0%–6.4% (42–47 mmol/mol) 35.0 (33.4 to 36.6) 17.5 (16.6 to 18.4)

HbA1c ≥ 6.5% (48 mmol/mol) 10.0 (8.9 to 11.0) 5.2 (4.7 to 5.8)

HbA1c ≥ 6.0% (42 mmol/mol) 45.0 (43.3 to 46.6) 22.8 (21.8 to 23.8)

HbA1c 5.7%–6.4% (38–47 mmol/mol) 65.0 (63.4 to 66.6) 55.3 (54.1 to 56.5)

HbA1c ≥ 5.7% (38 mmol/mol) 75.0 (73.5 to 76.4) 60.6 (59.4 to 61.7)

Values are % (95% CI).
Note
Reproduced with kind permission from Springer Science+Business Media, and modified with the permission of the authors:
Diabetologia, Implementation of the automated Leicester Practice Risk Score in two diabetes prevention trials provides a
high yield of people with abnormal glucose tolerance, vol. 55, 2012, pp. 959–66, Gray LJ, Davies MJ, Hiles S, Taub NA,
Webb DR, Srinivasan BT and Khunti K, table 3.201

TABLE 23 Percentage of abnormal glucose tolerance in those screened (PPVs) using OGTT

Glycaemic category Let’s Prevent ADDITION-Leicester

Fasting glucose 5.5–6.9 mmol/l 36.4 (34.8 to 38.0) 22.2 (21.2 to 23.2)

IFG 7.8 (6.9 to 8.7) 5.0 (4.5 to 5.6)

IGT 22.4 (21.0 to 23.8) 13.3 (12.4 to 14.1)

PDM 25.5 (24.1 to 27.0) 16.1 (15.2 to 17.0)

T2DM 4.5 (3.8 to 5.2) 3.2 (2.8 to 3.6)

Any abnormal glucose tolerance 30.1 (28.5 to 31.6) 19.3 (18.3 to 20.2)

Values are % (95% CI).
Note
Reproduced with kind permission from Springer Science+Business Media, and modified with the permission of the authors:
Diabetologia, Implementation of the automated Leicester Practice Risk Score in two diabetes prevention trials provides a
high yield of people with abnormal glucose tolerance, vol. 55, 2012, pp. 959–66, Gray LJ, Davies MJ, Hiles S, Taub NA,
Webb DR, Srinivasan BT, Khunti K, table 2.201
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Discussion

Finding effective methods to prevent T2DM is a public health priority, and given the unequivocal success
of prevention programmes, there is an increasing need to develop tools in order to identify high-risk
individuals who may benefit from these programmes. This study has shown a higher ‘hit rate’ when using
a two-step screening approach than when using population screening, and this is in line with previous
studies.205 This approach has also been shown to be cost-effective in modelling studies.30

Interestingly, although the yield was increased, the uptake to the screening invitation was low and
comparable to that found in ADDITION-Leicester, a population-based screening programme carried out in
the same area.123 This finding suggests that informing people that they are at high risk of diabetes mellitus
does not increase attendance to screening compared with a generic invitation. This is in contrast to
other studies that have shown that risk stratification increases attendance.205 There are many possible
explanations for this. First, the low response rate may be attributable to people not wanting to take part
in the clinical trial, rather than the screening. The NHS Health Check programme, which is not part of
a research project, has seen uptake rates of around twice the level that we have reported here.7,206

Second, everyone received an OGTT. The OGTT is costly, time-consuming and inconvenient.24 Both patients
and health-care professionals have reported that the OGTT is a barrier to attending screening.207 The
ADDITION-Europe study used a variety of screening methods to establish a cohort with screen-detected
T2DM.124 Centres that used a three-stepped approach combining a risk score, followed by a random blood
glucose test, followed by an OGTT had a significantly greater uptake than centres that used a one-step
approach using the OGTT only.205 Third, both studies have been carried out in Leicester, UK, and the ethnic
makeup of this locality may have had an impact on the response to screening. The area has a high prevalence
of ethnic minority groups [ranging from 49% in the city of Leicester to 8% in the county of Leicestershire
(2011 census; www.ethnicity.ac.uk/medialibrary/briefings/localdynamicsofdiversity/geographies-of-diversity-in-
leicestershire.pdf) (accessed 21 July 2016)].208 Lower uptake to screening in those of South Asian ethnicity has
consistently been observed.122,123,140 This problem is amplified by the known increased risk of T2DM in this
community.140 The method of risk communication used may also affect uptake, and further investigation into
this is warranted. Finally, the method of risk communication used was minimal; potential participants were
told that there are risk factors for diabetes mellitus, some of which are modifiable, and that their medical
records suggest that they might be at high risk. Informing people of their absolute risk of diabetes mellitus
and potential benefits of early diagnosis and intervention may have increased uptake to screening.

In 2011, WHO recommended that the diagnostic criteria for T2DM be revised to include those with
a HbA1c of ≥ 6.5% (48 mmol/mol).8,10 WHO found insufficient evidence to classify PDM using HbA1c;10

however, an international expert panel and ADA have suggested that ranges of 6.0% (42 mmol/mol)
to 6.4% (46 mmol/mol) and 5.7% (38 mmol/mol) to 6.0% (42 mmol/mol) can be considered.204 Based on
the ADA criteria, up to two-thirds of the population could fall into this category, which would overwhelm
prevention initiatives. However, moving away from the OGTT has the potential to increase uptake
to screening.

Let’s Prevent invited the top 10% most at-risk patients within a practice for screening. NICE suggest that
the top 50% be invited for further testing.200 Lowering the cut-off point will give potentially lower PPVs
than seen here, as the prevalence of disease will be reduced in a lower-risk group. The benefit of using
a practice-based risk score for screening is that GP practices can decide where to set the cut-off point
based on the resources available. The LPRS is the first tool developed for use in GP practices that includes
PDM in the conditions detected. Therefore, there are limited data with which to compare these results.
Alongside the development of the risk score, we have also developed a piece of software that enables
primary care to integrate this score into routine clinical practice. Using this tool optimises the high-quality
data stored in general practice.209 The LPRS software is freely available for use across the UK and can be
downloaded from http://leicesterdiabetescentre.org.uk/The-Leicester-Diabetes-Risk-Score.
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There are a number of limitations that must be considered. First, only those at high risk were invited for
screening. Therefore, we are unable to assess sensitivity, specificity and the NPV of the score in this setting.
Second, the low response rate, although similar to other studies in similar populations140 and which reflects
the difficulty in recruiting a multiethnic urban population with wide variations in social economic status
into research studies, may have affected the representativeness and generalisability of the data. Owing to
ethical constraints, we were not able to collect data on those who were invited but did not attend
screening; therefore, we are unable to compare the characteristics of those who attended with those who
did not. These data were collected in the ADDITION-Leicester study and, overall, those who attended were
older and more likely to be female.140 Finally, the score used here utilised the percentage of South Asians
within the practice as a proxy for individual ethnicity. Since the conception of these studies, the recording
of ethnicity within general practice has improved and the updated version of the LPRS includes individuals’
ethnicity (see Chapter 3). Therefore, some South Asian participants may have received a falsely reduced
score if they belonged to a practice with a high white European population and vice versa.

Summary

In summary, using a risk score to identify those at high risk of PDM/T2DM identifies a high previously
undiagnosed yield using either an OGTT or HbA1c for diagnosis. Previous population-based screening
programmes using universal OGTT have had lower yields. The LPRS is an inexpensive and simple way of
targeting screening programmes at those at the highest risk of PDM/T2DM.
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Chapter 7 Randomised controlled trial results

This chapter is based on results reprinted from Preventive Medicine, vol. 84, Melanie J Davies,
Laura J Gray, Jacqui Troughton, Alastair Gray, Jaakko Tuomilehto, Azhar Farooqi, Kamlesh Khunti,

Thomas Yates, A community based primary prevention programme for type 2 diabetes integrating
identification and lifestyle intervention for prevention: the Let’s Prevent Diabetes cluster randomised
controlled trial, pp. 48–56, 2016, with permission from Elsevier.210

Introduction

As previously described in detail (see Chapter 5), the second phase of the Let’s Prevent Study was a cluster
RCT in all those found to have PDM, comparing a T2DM prevention programme with standard care.
The trial recruited from practices and participants from July 2009 to June 2011. Participants were followed
up at 6, 12, 24 and 36 months post baseline. The primary end point was the development of T2DM
during the 36-month follow-up. The aim of this chapter is to report the results of the RCT.

Results

Overall, 44 practices were recruited and randomised: 21 to the standard care group and 23 to the intervention
group. Screening took place in all 44 practices, and all those found to have PDM were then included in the
RCT. At one small practice (list size= 1650), no eligible participants were identified in phase one; therefore,
only 43 practices are included in the RCT. The included practices ranged in size from 1470 to 24,000 patients.
Six practices were recruited from areas with large South Asian populations (intervention= 4 practices,
standard care= 2 practices). The median number of participants recruited per practice was 23 in the standard
care arm and 17 in the intervention arm; the number of participants recruited per practice ranged from 2 to
49 (Table 25). Figure 9 shows the flow of participants through the trial. In total, 880 participants were found
to have screen-detected PDM and were therefore included in the RCT (433 in the standard care arm, 447 in
the intervention arm). At 36 months, 75% (n = 333) of the intervention group were still being followed up
compared with 79% (n= 340) in the standard care arm (p = 0.43). Of those who were included in practices
randomised to the intervention arm, 101 (22.6%) did not attend the initial education session and, therefore,
are excluded from any per-protocol analysis (see Table 27). In total, 130 (29.1%) participants in the
intervention arm attended all three education sessions (see Development of type 2 diabetes mellitus by level of
attendance). Those who did not attend the initial session were not invited to the refresher sessions but they
continued to be followed up.

Table 25 shows the baseline characteristics of those included in the trial by randomisation. A higher level
of deprivation was seen in the intervention group; this was measured using the IMD. The proportion of
current smokers was significantly higher in the standard care group than in the intervention group
(5.1% vs. 8.5%). The mean (SD) weight, BMI and waist circumference were also significantly higher in the
standard care group than in the intervention group.

Development of type 2 diabetes mellitus
Overall, 131 participants developed T2DM over the course of the trial; this equates to 60.32 events per 1000
person-years (95% CI 50.82 to 71.58 events per 1000 person-years) (Table 26 and Figure 10). Lower event
rates were seen in the intervention group than in the control group (57.60 events per 1000 person-years and
63.16 events per 1000 person-years, respectively). The HR showed a 26% reduced risk of developing T2DM
in the intervention arm compared with standard care, but this did not reach statistical significance (p = 0.18).
In a secondary, per-protocol analysis, the treatment effect was greater (35% reduction) when excluding
those who did not attend the education programme in the intervention arm; this was also non-significant
(p= 0.07). The difference in the event rates is accentuated in the per-protocol analysis (53.04 vs. 63.16,
respectively).
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TABLE 25 Baseline characteristics. Data given as mean (SD) unless otherwise stated

Variable Standard care Intervention

Individual level

Number of participants 433 447

Age, years 63.9 (7.9) 63.9 (7.6)

Male, n (%) 278 (64.2) 282 (63.1)

White European, n (%) 363 (84.3) 377 (84.5)

Deprivation, median (IQR) 10.1 (6.3–18.1) 13.4 (8.4–24.4)a

Current smoker, n (%) 22 (5.1) 38 (8.5)a

Prescribed statins, n (%) 171 (43.3) 184 (44.2)

Prescribed antihypertensives, n (%) 270 (62.4) 275 (61.5)

History CVD, n (%) 78 (18.0) 75 (16.8)

HbA1c (%) 6.1 (0.4) 6.1 (0.4)

HbA1c (mmol/mol) 42.8 (4.6) 43.2 (4.7)

Total cholesterol (mmol/l) 5.1 (1.1) 5.0 (1.0)

HDL cholesterol (mmol/l) 1.4 (0.5) 1.4 (0.5)

LDL cholesterol (mmol/l) 3.0 (0.9) 3.0 (0.9)

Triglycerides (mmol/l) 1.7 (1.0) 1.7 (0.9)

Systolic BP (mmHg) 147.7 (17.7) 147.9 (20.7)

Diastolic BP (mmHg) 86.2 (10.6) 86.6 (11.0)

Heart rate (b.p.m.) 69.1 (12.1) 68.3 (13.1)

Weight (kg) 94.4 (18.9) 89.9 (16.6)a

BMI (kg/m2) 33.1 (5.8) 32.0 (5.2)a

Waist circumference (cm) 111.3 (13.2) 108.0 (12.4)a

Average steps per day 6308.12 (3094.44) 6137.97 (2791.02)

IFG only, n (%) 51 (11.8) 57 (12.8)

IGT only, n (%) 308 (71.1) 301 (67.3)

IFG and IGT, n (%) 74 (17.1) 89 (19.9)

Cluster level

Number of practices 20b 23

Median participants per practice (IQR) 23 (8–34) 17 (7–30)

Range participants per practice 2–41 3–49

Median practice size (IQR) 6932 (4008–10,069) 5429 (3356–8780)

High South Asian population, n (%) 2 (10.0) 4 (17.4)

b.p.m., beats per minute.
a Groups differ significantly (p < 0.05).
b One practice randomised to standard care had no eligible participants.
Note
Adapted from Preventive Medicine, vol. 84, Melanie J Davies, Laura J Gray, Jacqui Troughton, Alastair Gray, Jaakko Tuomilehto,
Azhar Farooqi, Kamlesh Khunti, Thomas Yates, A community based primary prevention programme for type 2 diabetes
integrating identification and lifestyle intervention for prevention: the Let’s Prevent Diabetes cluster randomised controlled trial,
pp. 48–56, 2016, table 1, with permission from Elsevier.210
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Practices randomised (n = 44)

Excluded (n = 1)
• No eligible participants screened

Practices allocated to standard 
care (n = 20)
• Participants included, n = 433

T2DM at visit n = 1, between visits n = 1
• Withdrew/died/lost to follow-up, 
   n = 26 (6%)

6 months

T2DM at visit n = 22, between visits n = 0
• Withdrew/died/lost to follow-up, 
   n = 43 (10%)

12 months

T2DM at visit n = 12, between visits n = 5
• Withdrew/died/lost to follow-up, 
   n = 93 (21%)
• Completers, n = 340 (78.5%)

36 months

T2DM at visit n = 21, between visits n = 5
• Withdrew/died/lost to follow-up, 
   n = 68 (16%)

24 months

Practices allocated to 
intervention (n = 23)
• Participants included, n = 447

T2DM at visit n = 2, between visits n = 0
• Withdrew/died/lost to follow-up, 
   n = 65 (15%)

6 months

T2DM at visit n = 15, between visits n = 5
• Withdrew/died/lost to follow-up, 
   n = 69 (15%)

12 months

T2DM at visit n = 15, between visits n = 8
• Withdrew/died/lost to follow-up, 
   n = 81 (19%)

24 months

T2DM at visit n = 12, between visits n = 7
• Withdrew/died/lost to follow-up, 
   n = 114 (24%)
• Completers, n = 333 (74.5%)

36 months

Practices included (n = 43)

Enrolment

Allocation

Follow-up

FIGURE 9 Flow of practices and participants through the trial. Reprinted from Preventive Medicine, vol. 84,
Melanie J Davies, Laura J Gray, Jacqui Troughton, Alastair Gray, Jaakko Tuomilehto, Azhar Farooqi,
Kamlesh Khunti, Thomas Yates, A community based primary prevention programme for type 2 diabetes
integrating identification and lifestyle intervention for prevention: the Let's Prevent Diabetes cluster
randomised controlled trial, pp. 48–56, 2016, figure 1, with permission from Elsevier.210
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Development of type 2 diabetes mellitus by level of attendance
In addition to the pre-specified analysis of the primary outcome data by ITT and the per-protocol analysis
excluding those who did not attend the first education session, we have also assessed the dose–response
relationship between attendance and the development of T2DM. Of the 447 participants included in the
intervention group, 77.4% attended the initial education session. Only those attending this session were
invited to the refresher sessions. At 12 months, 45.6% attended the refresher and 38.5% attended at
24 months. In total, 130 participants attended all the education sessions, with 248 attending the initial
session plus at least one refresher. Table 27 shows the primary outcome analysed by the level of
attendance. There was a dose–response relationship with increasing attendance associated with greater
reduction in the progression to T2DM in the intervention group compared with standard care, ranging
from a 35% reduction in those attending the initial session to an 88% reduction in the subset who attend
all sessions.

TABLE 26 Development of T2DM. HR (95% CI) takes into account clustering

Analysis type Standard care Intervention HR 95% CI p-value

ITTa 0.74 0.48 to 1.14 0.18

Events, n (%) 67 (15.5) 64 (14.3)

Rate per 1000
person-years (95% CI)

63.16 (49.71 to 80.24) 57.60 (45.09 to 73.59)

Per protocol 0.65 0.41 to 1.03 0.07

Events, n (%) 67 (15.5) 51 (14.7)

Rate per 1000
person-years (95% CI)

63.16 (49.71 to 80.24) 53.04 (40.31 to 69.80)

a This is the same as complete case, as there are no missing data for the primary outcome.
Note
Adapted from Preventive Medicine, vol. 84, Melanie J Davies, Laura J Gray, Jacqui Troughton, Alastair Gray, Jaakko Tuomilehto,
Azhar Farooqi, Kamlesh Khunti, Thomas Yates, A community based primary prevention programme for type 2 diabetes
integrating identification and lifestyle intervention for prevention: the Let’s Prevent Diabetes cluster randomised controlled trial,
pp. 48–56, 2016, table 2, with permission from Elsevier.210
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FIGURE 10 Kaplan–Meier survival curves by intervention. Green data relate to the standard care group and blue
data relate to the intervention group. Trt, treatment group.
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Biomedical outcomes
Table 28 shows a summary of the mean difference between the intervention and control group adjusted
for cluster and baseline value at each time point. A full table of results with summary statistics at each time
point is given in Appendix 31. Across both groups improvements were seen for many of the biomedical
outcomes assessed. A statistically significant reduction of 0.06% in HbA1c was seen in the intervention
group compared with the standard care group when the analysis was conducted across all time points.
This seemed to be driven by an initial greater drop in HbA1c at 6 months (–0.06% vs. 0.01%). Significant
reductions in LDL cholesterol were seen at 12 months and overall. For all other outcomes, apart from
systolic BP, a greater reduction was seen in the intervention group than the standard care group at
36 months but none of these reached statistical significance.

Cardiovascular risk and metabolic syndrome
No differences were seen between the intervention groups at any of the time points for either CVD or
CHD 10-year risk, the proportion with CVD risk > 20%, or the presence of the metabolic syndrome
(see Appendix 31 for data).

Psychosocial and lifestyle outcomes
Table 29 shows a summary of the results for the psychosocial and lifestyle outcomes (the full results can be
found in Appendix 31). Greater improvements were seen in illness perceptions, quality of life and anxiety
in the intervention group than in the standard care group, all of which were significant when assessing the
mean difference over time.

The diet data were collected via a food frequency questionnaire; overall, there was a lower rate of
completion for these data than for the other questionnaire-based data collected; for example, 34% of
participants had the total fibre intake score missing at one or more time points. Overall, no change was
seen in either fibre or fat intake. At 12, 24 and 36 months and overall, a statistically significant increase in
the intake of unsaturated fat was reported.

Although no differences between the intervention and standard care group were seen in the self-reported
levels of activity, a significant reduction of around 30 minutes per day in time spent sitting was seen in the
intervention group at 12 and 24 months and overall, compared with the standard care group. This was
complemented by an increase in objectively measured average daily step count in the intervention group
of 450–600 steps per day at all time points, with a significant effect seen at 6, 12 and 36 months
and overall.

No change in sleeping behaviour was reported.

TABLE 27 Development of T2DM by attendance. HR (95% CI) takes into account clustering

Attendance Intervention (n= 447), n (%) HR (95% CI) p-value

Initial educationa 346 (77.4) 0.65 (0.41 to 1.03) 0.07

12-month refresher 204 (45.6) – –

24-month refresher 174 (38.5) – –

Attended initial plus minimum of one refresher 248 (55.5) 0.38 (0.23 to 0.62) < 0.0001

Attended all sessions 130 (29.1) 0.12 (0.05 to 0.28) < 0.0001

a The per-protocol analysis previously reported.
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Sensitivity analyses
Table 30 shows the results of the sensitivity analysis. Here the analysis was repeated for the main
secondary outcomes in two alternative data sets: (1) the per-protocol cohort, which excluded those who
did not attend the education; and (2) the ITT cohort, which used multiple imputation to impute any
missing data and therefore included all participants. The data are reassessed at 12 and 36 months only.
Overall, the ITT analysis did not change the interpretation of the results for any of the secondary outcomes
assessed. For the glucose outcomes at 36 months, significant reductions were seen for fasting glucose,
2-hour glucose and HbA1c when those not attending education were excluded. At 36 months a difference
in HbA1c between the groups of –0.11% was seen, compared with –0.07% in the complete-case analysis.
The per-protocol analysis had no effect on analysis of the CHD and CVD risk scores. Interestingly, although
still not statistically significant, the effect on metabolic syndrome was reversed in the per-protocol analysis,
with a protective effect being reported. The increase in step count in the intervention group compared
with the standard care group was retained in both reanalyses, but with an increase in the effect seen in
the intervention group in the per-protocol analysis (777 vs. 550 steps per day at 12 months and 634 vs.
535 steps per day at 36 months).

TABLE 28 Biomedical outcomes. Coefficient adjusted for baseline value and cluster (full table given in Appendix 31)

Outcome

Time point, months (95% CI)
Overall
(95% CI)6 12 24 36

Fasting glucose NR 0.001
(–0.10 to 0.10)

–0.06
(–0.16 to 0.04)

–0.05
(–0.18 to 0.07)

0.0004
(–0.10 to 0.10)

2-hour glucose NR 0.08
(–0.23 to 0.39)

–0.07
(–0.37 to 0.22)

–0.14
(–0.46 to 0.18)

–0.03
(–0.28 to 0.22)

HbA1c (%) –0.07
(–0.12 to –0.01)*

–0.04
(–0.10 to 0.02)

–0.10
(–0.20 to –0.004)*

–0.07
(–0.18 to 0.04)

–0.06
(–0.11 to –0.01)*

Total cholesterol (mmol/l) –0.06
(–0.18 to 0.05)

–0.07
(–0.16 to 0.02)

–0.02
(–0.12 to 0.08)

–0.11
(–0.23 to 0.02)

–0.06
(–0.14 to 0.01)

HDL cholesterol (mmol/l) 0.003
(–0.05 to 0.06)

–0.01
(–0.07 to 0.05)

0.004
(–0.06 to 0.07)

–0.02
(–0.08 to 0.05)

0.01
(–0.04 to 0.05)

LDL cholesterol (mmol/l) –0.06
(–0.15 to 0.04)

–0.10
(–0.18 to –0.02)*

–0.02
(–0.09 to 0.05)

–0.09
(–0.19 to 0.01)

–0.08
(–0.15 to –0.01)*

Triglyceride (mmol/l) –0.01
(–0.16 to 0.14)

0.05
(–0.05 to 0.15)

–0.05
(–0.15 to 0.05)

–0.06
(–0.17 to 0.06)

–0.001
(–0.08 to 0.08)

Body weight (kg) –0.10
(–0.72 to 0.51)

–0.27
(–1.17 to 0.63)

–0.49
(–1.48 to 0.50)

–0.26
(–1.17 to 0.65)

–0.10
(–0.85 to 0.66)

BMI (kg/m2) –0.03
(–0.24 to 0.19)

–0.11
(–0.42 to 0.21)

–0.14
(–0.50 to 0.21)

–0.05
(–0.38 to 0.27)

–0.02
(–0.28 to 0.25)

Waist circumference (cm) –0.91
(–2.03 to 0.20)

–0.11
(–1.37 to 1.15)

–0.82
(–2.03 to 0.40)

–0.79
(–1.73 to 0.14)

–0.45
(–1.32 to 0.42)

Systolic BP (mmHg) 1.17
(–1.45 to 3.79)

1.22
(–0.85 to 3.30)

–1.26
(–3.79 to 1.28)

0.55
(–2.09 to 3.19)

0.81
(–0.97 to 2.60)

Diastolic BP (mmHg) –0.22
(–1.90 to 1.46)

0.80
(–0.66 to 2.26)

–0.37
(–1.92 to 1.19)

–0.49
(–2.15 to 1.17)

0.24
(–0.82 to 1.30)

Heart rate (b.p.m.) –1.31
(–2.90 to 0.28)

–0.61
(–1.84 to 0.61)

–0.68
(–2.00 to 0.65)

–0.52
(–1.83 to 0.78)

–0.66
(–1.58 to 0.27)

*p< 0.05; **p< 0.01; ***p< 0.001.
b.p.m., beats per minute; NR, not reported.
Note
Adapted from Preventive Medicine, vol. 84, Melanie J Davies, Laura J Gray, Jacqui Troughton, Alastair Gray, Jaakko Tuomilehto,
Azhar Farooqi, Kamlesh Khunti, Thomas Yates, A community based primary prevention programme for type 2 diabetes
integrating identification and lifestyle intervention for prevention: the Let's Prevent Diabetes cluster randomised controlled trial,
pp. 48–56, 2016, table 3, with permission from Elsevier.210
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Subgroup analyses
Table 31 shows the primary outcome assessed within specific subgroups. No significant associations
between intervention and the development of T2DM were seen across all subgroups. There was a trend
towards a greater increase in the non-significant reduction in the intervention group than in the standard
care group in those with isolated IFG and those with both IFG and IGT.

Discussion

We have shown that a pragmatic diabetes mellitus prevention programme, aimed at those with PDM
identified through a two-stage screening process, can lead to statistically significant improvements in
HbA1c, LDL cholesterol, psychosocial well-being, sedentary time and step count up to 3 years post the
initial education programme. The primary outcome of the study was reduction in the progression to T2DM;
although non-significant, a large treatment effect of around a 25% reduction was seen in those practices
randomised to the education. The treatment effect seems to be related to the level of attendance, with
higher attendance being associated with greater reduction in progression to T2DM. This was reflected in the
glucose levels recorded, with significant drops seen in fasting glucose, 2-hour glucose and HbA1c when
excluding those who did not attend the education sessions.

Although not as high a reduction in T2DM as seen in more resource-intensive prevention programmes,
the reduction in the progression of T2DM seen here is comparable to other pragmatic diabetes mellitus
prevention programmes, such as the Indian programme. In the Indian programme, a reduction in T2DM
progression of 28.5% was seen in those receiving a lifestyle modification programme.34 A 58% reduction
in T2DM (HR 0.4, 95% CI 0.3 to 0.7) was seen in the Finnish prevention programme, but this involved a

TABLE 30 Key secondary outcomes: sensitivity analysis. Adapted from Preventive Medicine, vol. 84, Melanie J Davies,
Laura J Gray, Jacqui Troughton, Alastair Gray, Jaakko Tuomilehto, Azhar Farooqi, Kamlesh Khunti, Thomas Yates,
A community based primary prevention programme for type 2 diabetes integrating identification and lifestyle
intervention for prevention: the Let’s Prevent Diabetes cluster randomised controlled trial, pp. 48–56, 2016, table 4,
with permission from Elsevier210

Outcomea

Complete case (95% CI) Per protocol (95% CI) ITT (95% CI)

12 months 36 months 12 months 36 months 12 months 36 months

Fasting glucose 0.001
(–0.10 to 0.10)

–0.05
(–0.18 to 0.07)

0.03
(–0.14 to 0.08)

–0.12
(–0.23 to –0.01)*

0.02
(–0.09 to 0.13)

–0.02
(–0.13 to 0.08)

2-hour glucose 0.08
(–0.23 to 0.39)

–0.14
(–0.46 to 0.18)

0.03
(–0.30 to 0.36)

–0.35
(–0.61 to –0.09)**

0.10
(–0.22 to 0.42)

–0.10
(–0.45 to 0.25)

HbA1c, % –0.04
(–0.10 to 0.02)

–0.07
(–0.18 to 0.04)

–0.04
(–0.10 to 0.02)

–0.11
(–0.21 to –0.01)*

–0.02
(–0.08 to 0.04)

–0.07
(–0.17 to 0.04)

CHD 10-year
risk

–0.001
(–0.01 to 0.01)

0.004
(–0.007 to 0.01)

–0.0002
(–0.01 to 0.01)

0.005
(–0.01 to 0.02)

–0.004
(–0.01 to 0.01)

–0.004
(–0.02 to 0.01)

CVD 10-year
risk

0.003
(–0.01 to 0.01)

0.01
(–0.004 to 0.02)

0.003
(–0.01 to 0.02)

0.01
(–0.003 to 0.02)

0.001
(–0.01 to 0.02)

–0.0001
(–0.02 to 0.02)

Metabolic
syndrome

1.05
(0.78 to 1.43)

1.10
(0.83 to 1.46)

0.74
(0.52 to 1.05)

0.77
(0.56 to 1.04)

1.05
(0.78 to 1.43)

1.10
(0.83 to 1.46)

Average steps
per day

551.76
(117.27 to
986.25)*

535.76
(12.71 to
1058.81)*

777.48
(336.66 to
1218.31)**

634.27
(141.94 to
2665.56)*

576.47
(110.37 to
1042.56)*

469.52
(29.47 to
909.57)*

*p< 0.05, **p< 0.01, ***p< 0.001.
a Coefficient adjusted for baseline value and cluster. Complete case: data analysed according to randomised group;

those with missing data excluded on a case-by-case basis. Per protocol: those randomised to the intervention who did
not attend the initial education are excluded. ITT: data analysed according to randomised group; all randomised
participants included. Missing data imputed using multiple imputation.
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significantly higher amount of contact time in those receiving the intervention.32 Those in the intervention
arm of the Finnish study received seven one-to-one sessions with a nutritionist during the first year and
then one session every 3 months for the remainder of the study and were offered supervised, progressive,
individually tailored circuit-type moderate-intensity resistance training sessions free of charge.32 In a similar
manner, the American DPP study intervention involved 16 lengthy one-to-one counselling sessions,
followed by in-person one-to-one contact at least once every 2 months and additional group-based
sessions four times annually; this also led to a 58% reduction in T2DM (95% CI 48% to 66%).33 Such
intensive prevention programmes are not achievable in the current UK health-care setting. In contrast, the
Let’s Prevent programme consists of a 6-hour initial group course followed by a 1-hour refresher session
each year (i.e. a total of 8 hours in group-based sessions over 3 years).

An interesting finding was the intervention attendance was strongly and linearly related to effectiveness;
those who attended all three group-based contacts (initial Let’s Prevent programme and both annual
follow-on sessions) had an 88% reduction in the risk of T2DM. Although total contact length and
frequency have consistently been shown to be related to intervention effectiveness,52 this is the first study
to show the strength of this relationship over the longer term and with face-to-face contacts separated by
12 months. This finding suggests that the weak effectiveness of the intervention overall was primarily
driven by non-attendance rather than by ineffective interventional components. In total, 77% of
participants attended the initial Let’s Prevent structured education programme, with 56% attending at
least one follow-on session and 29% attending all three face-to-face group contacts. This demonstrates
the difficulty in securing multiple contacts for behavioural interventions within a primary health-care setting
and has implications for future prevention programmes. More research is needed to establish optimal
methods of increasing uptake to lifestyle interventions within primary care, particularly around maximising
adherence to follow-on support after the initial intervention.

TABLE 31 Subgroup analyses

Subgroup

Number of events

HR (95% CI)Standard care Intervention

PDM

IGT alone 34 32 0.79 (0.45 to 1.38)

IFG alone 7 6 0.52 (0.15 to 1.83)

IGT and IFG 26 26 0.51 (0.22 to 1.16)

HbA1c 6.0–6.4% 36 27 0.65 (0.38 to 1.12)

Age (years)

≤ 65 40 45 1.19 (0.63 to 2.24)a

> 65 27 19 0.62 (0.36 to 1.06)a

BMI (kg/m2)

Normal 1 1 0.59 (0.04 to 9.51)

Overweight/obese 66 63 0.76 (0.50 to 1.16)

Risk score

≤ 6.04 26 29 0.99 (0.46 to 2.10)a

> 6.04 41 35 1.05 (0.69 to 1.59)a

a Logistic regression conducted as Cox model unable to converge.
Note
Adapted from Preventive Medicine, vol. 84, Melanie J Davies, Laura J Gray, Jacqui Troughton, Alastair Gray, Jaakko Tuomilehto,
Azhar Farooqi, Kamlesh Khunti, Thomas Yates, A community based primary prevention programme for type 2 diabetes
integrating identification and lifestyle intervention for prevention: the Let’s Prevent Diabetes cluster randomised controlled trial,
pp. 48–56, 2016, table 2, with permission from Elsevier.210
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Event rates reported in this study, that is, 57.60 events per 1000 person-years in the intervention arm
compared with 63.16 events per 1000 person-years in the standard care arm, are consistent with a recent
meta-analysis of prospective cohort studies in those with PDM which reported rates ranging from 35.54
per 1000 person-years in those with IFG up to 70.36 per 1000 person-years in those with both IGT and
IFG.14 The event rates reported here are also similar to DPP, which reported 48 per 1000 person-years in
the lifestyle intervention group.33 However, the progression rates in our study are substantially lower than
other RCTs employing annual OGTTs in Europe and India, where rates of between 230 and 550 per
1000 person-years under control conditions and rates of between 110 and 393 per 1000 person-years
after lifestyle interventions have been reported.32,34 The sample size for the Let’s Prevent study was based
on these European and Indian data and used a conversion rate of 35%. This lower event rate will have
affected our power to detect a difference in the primary outcome.

As seen in other trials of a similar design to Let’s Prevent,48,121 improvements in many outcomes were seen
in both the intervention and the control groups, although to a greater extent in those receiving the
intervention. It could be that informing people that they have PDM is motivational in terms of improving
one’s lifestyle or that those in the control group sought medical advice on their condition. Anecdotally,
we were also aware of GPs initiating metformin in those included in the control group, even though this is
not standard care for those with PDM. In addition, the NICE guidance around identifying and intervening in
those at risk of T2DM was published during the RCT, which could have affected the results by increasing the
interest in PDM and the prevention of T2DM in primary care.126

Let’s Prevent was a cluster RCT; trials of this design have inherent issues compared with individually
randomised studies. The study was powered based on a cluster size of 17 participants per practice,146

and the sample size was not inflated for variation in cluster size. Differences in cluster size can reduce
statistical power.211 Here the cluster sizes ranged from 2 to 49 (representing a coefficient of variation of
0.69). This was a pragmatic trial and we recruited practices of a range of sizes which led to this large
variation in practice size. If this variation had been incorporated into the sample size the total sample size
could have been increased by up to 42%, with the design effect increasing from 1.8 to 2.2.212 This issue
with study power could have led to the finding of no significance for the primary outcome. Interestingly,
when the study is analysed ignoring the clustering, a significant effect is seen (p = 0.05). Another common
issue with cluster randomised studies is that, although balance in practice-level characteristics is seen,
balance in participant-level characteristics cannot be ensured. Here differences were seen in deprivation,
smoking status and adiposity, with the intervention group more likely to be current smokers and have
higher weight, BMI and waist circumference, suggesting a worse risk profile in the intervention group.
Again this has been seen in other similar studies, such as DESMOND, where a difference in HbA1c was
seen at baseline,48 and these differences could have affected the power of the study and the results seen;
however, when adjusting for smoking status and BMI the interpretation of the data was not changed.

The Let’s Prevent curriculum addressed both diet and physical activity. Significant improvements in both
reducing sitting time and step counts were seen. The deleterious effects of sedentary time have recently
been reported, with studies showing an increased risk of diabetes mellitus, metabolic syndrome, CVD and
mortality in those who sit for long durations.212,213 Here we see a reduction of around 30 minutes per day;
although small and self-reported, this is complemented by objective pedometer data showing an increase
in daily step count of 500 steps across the duration of the study. This equates to an increase of around
5 minutes of purposeful walking per day, or 35 minutes per week. This is a similar increase to that found in
the Early Activity in Diabetes (ACTID) diet and physical activity intervention for those with newly diagnosed
T2DM, which was also run in a primary care setting. Early ACTID achieved a 5.6-minute increase in
moderate/vigorous activity in the intervention group compared with the control group.214 This is a smaller
increase than was seen in the PREPARE study on which the Let’s Prevent programme was based.50 PREPARE
saw a 2000-step increase, but was a much smaller study (n = 98) which focused solely on increasing
physical activity. To see a dilution effect when an intervention is implemented on a large scale is not
uncommon,52 with other, similar, large-scale studies showing no effect on physical activity outcomes.215
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A lower rate of completion was seen for the food frequency questionnaire than for the other self-reported
data collected. Increased intake of unsaturated fats was seen with a trend towards decreased fat intake; this
might suggest that participants in the intervention group were making healthier food choices or this may be a
chance finding. The results also show a trend towards decreased fibre intake in the intervention group, which
goes against what is recommend in the education programme. Future research should attempt to incorporate
objective measures of diet quality, which could include biomarkers such as circulating vitamin C levels.

Benefits of the education also extended to the psychosocial well-being of the participants, with decreases
in anxiety and increases in quality of life and illness perception reported. This is in line with other education
programmes; for example, a RCT of the DESMOND programme for those with newly diagnosed T2DM
based on the same philosophy as Let’s Prevent saw long-lasting improvements in well-being.216

Even with the inherent issues of cluster randomised trials and the impact that the variable cluster size and
lower progression rate had on the power of the study, we have still managed to show positive findings
from a relatively low-resource group intervention. The pragmatic nature of this relatively low-resource
intervention, the fact that it was based on a programme that is now delivered as part of routine care for
those with established T2DM (DESMOND) and the fact that the study was carried out in primary care are
some of the key strengths of this RCT. The study also followed up participants over 3 years, thus providing
data for the longer-term effects of such a programme. The NHS Health Check programme and the
guidance from NICE to use a two-stage screening programme to identify those at risk of diabetes mellitus
means that the number of people identified with PDM is on the rise.13 Of the 53,799 people screened as
part of the Health Check programme in Leicester City CCG, 2675 (5.0%) had PDM.217 In addition, it is well
reported that the use of HbA1c identifies a much larger disease burden than the OGTT.135 We know that
progression to diabetes mellitus can be prevented in those with PDM,31 but there are few evidence-based
interventions that meet the NICE recommended standards which to refer those with PDM. Let’s Prevent
could meet this pressing need, and Chapter 9 discusses pathways to implementation of such programmes.

The interpretation of this study should reflect the generalisability of the findings. The sample for the RCT
was defined by the two-stage screening programme carried out in phase one of the study. Of those at high
risk of having PDM who were invited for screening, only 19% attended. Although this is similar to other
studies in similar populations139 and reflects the difficulty in recruiting a multiethnic urban population with
wide variations in socioeconomic status into research studies, this may have affected the representativeness
of the data. There were lower attendance rates among those from South Asian populations. However, as
the screening was part of a research project in which people are asked to consent, provide data, etc., we
would expect to see higher rates of uptake in a non-research setting. For example, the NHS Health Check
programme has a 40% uptake rate.206 A full discussion of the uptake to screening is given in Chapter 6.
Future studies should look at methods for increasing the uptake to screening, particularly in hard-to-reach
groups. All those screened and found to have PDM were included in the RCT. Of those attending practices
in the intervention arm, 23% did not attend the initial education session. These participants continued to be
followed up and, therefore, the treatment effect seen is representative of what would be expected in clinical
practice. The Let’s Prevent programme was offered in two modalities, either as a 1-day (6-hour) programme
or as two 3-hour sessions. A BME version of the programme delivered in Gujarati using translators was also
offered. With T2DM becoming less a disease of older people and moving into younger populations, the
need to deliver prevention interventions flexibly with optimal methods of ensuring continued engagement
and adherence, including alternative approaches such as mobile health (mHealth) and electronic health
(eHealth) solutions, should form the basis of taking this research further to increase participation. There is
also a growing interest in the use of incentives for increasing uptake to interventions that promote health.

Overall, the Let’s Prevent RCT has shown that a relatively low-resource, pragmatic programme fit for
implementation in the UK NHS can lead to a reduction in T2DM and improved biomedical and
psychosocial outcomes. Future research should focus on increasing attendance to such programmes,
which may require offering courses in formats not currently available, such as web-based formats.
Chapter 8 assesses the cost-effectiveness of the intervention.
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Chapter 8 Cost-effectiveness analysis (within trial)

This chapter uses excerpts from Leal et al.,218 Cost-effectiveness of a pragmatic structured education
intervention for the prevention of type 2 diabetes: economic evaluation of data from the Let’s Prevent

Diabetes cluster-randomised controlled trial. BMJ Open 2017;7:e013592. This is an Open Access article
distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0)
license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and
license their derivative works on different terms, provided the original work is properly cited and the use is
non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

Introduction

In the UK, diabetes mellitus accounts for approximately 10% of the total health-care expenditure, which is
projected to increase to around 17% in 2035/366 as the prevalence of T2DM continues to rise. The Let’s Prevent
programme is a pragmatic structured education and lifestyle modification intervention (centred on diet and
exercise) for T2DM prevention within primary care pathways. The Let’s Prevent programme is based on the
DESMOND programme and targets lifestyle behaviour change among individuals with PDM, using simple,
non-technical language and visual aids. The DESMOND programme is the first national education programme for
people with T2DM to meet NICE criteria149 and was shown to be clinically effective and cost-effective.48,49

We used data from the Let’s Prevent trial to carry out a within-trial cost-effectiveness analysis of the structured
education intervention within primary care. We estimated the incremental cost–utility analysis for the Let’s
Prevent programme, with the difference in costs and in effects calculated in relation to the standard care group.
The study perspective was that of the NHS, and we considered costs to the health-care service. We captured
changes in life expectancy and quality of life using the QALY as the effectiveness measure.

Methods

The trial methodology is described in detail in Chapter 5. Here, only the elements specific to the
cost-effectiveness analysis will be given.

Patients randomised to the standard care group received a booklet detailing information on risk factors
for T2DM and how physical activity and lifestyle change can be used to prevent or delay the disease.
Patients randomised to the intervention group received the same booklet as the standard care arm but
were invited to attend an initial 6-hour structured education programme, three monthly nursing support
telephone calls, and a 3-hour structured education update programme at 12 and 24 months. Both arms of
the trial received follow-up sessions at the same time points and the same data were collected.

Economic data collection
Data were collected in the trial at baseline and at 6, 12, 24 and 36 months. These included general
participant characteristics, trial-relevant blood test results, the 15D quality-of-life instrument, and
participant-reported medication use and medical history. A further economic questionnaire incorporating
the EQ-5D instrument and participant-reported economic outcomes was introduced halfway through the
study (May 2012; trial started in December 2009 and ended in July 2014) to gather additional data
relevant to economic analysis. The economic questionnaire was sent to 22 participants (2.5%)
at 12 months, 408 participants (46%) at 24 months and 617 participants (70%) at 36 months.

Utilities
Utility data were available in the form of the 15D instrument at all time points (main questionnaire) and
the EQ-5D instrument (economic questionnaire) at later time points. EQ-5D utility levels were generated
using the EuroQol EQ-5D social tariff, estimated from a representative sample of the UK population.219
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Given the preference for EQ-5D data in health economics, we used a published regression equation220

to map 15D utility scores into estimated EQ-5D utilities when 15D but no EQ-5D data were available.
Mapped utility scores were capped at a value of 1. As a supplementary exercise, reported as part of a
sensitivity analysis, we also used the available pairs of 15D utility scores and EQ-5D utilities from the trial
(participant and time point matched, n = 764) to generate a within-trial regression equation to map from
15D utility scores to EQ-5D utilities. In the base-case analysis, reported EQ-5D scores and mapped EQ-5D
scores were merged (with preference given to the former when both were available) to maximise utility
data prior to imputation.

Quality-adjusted life-years were calculated as the mean of the utility scores at the start and end of the year, or
as the mean of the start, end and 6-month point in the case of the first year. These were then summed for
each participant to obtain cumulative QALYs over the trial period, equivalent to an AUC calculation.

Intervention costs
The cost of the Let’s Prevent intervention was estimated by the trial team and was included in our
cost-effectiveness analysis. The intervention cost (£200.37) was the total cost of providing the initial
intervention, refreshers and support over the 3-year trial period (Table 32). One-off costs, such as educator
training and teaching materials, were also included in the intervention cost calculation. These were not
spread beyond the trial period, as this would have involved making an assumption about the lifespan of
training and materials and may have been seen as favouring the intervention. Other trial-related costs
(clinical tests, questionnaires, etc.) were not included in the analysis as they did not differ between the trial
groups and would not exist outside the trial environment. The intervention cost was divided into yearly
costs based on the year in which the relevant expenditure was required.

Health-care costs
Information on health-care use was recorded via participant self-reports in an economic questionnaire
administered at 12-, 24- and 36-month follow-up points. Participants were asked to recall how many times
over the previous 12 months they had seen their GP (in practice or at home), a practice nurse (practice or
home), other health workers (practice or home) or a private practitioner; visited accident and emergency
(A&E) or a hospital outpatient department; been admitted to day hospital or been admitted to inpatient
care, and, if admitted, the number of nights spent in hospital. They were also asked to recall how much
they had spent on medications over the previous 12 months, their travel costs for all health-care visits,
their employment status and number of days off work sick, any lost earnings owing to ill health or
health-care visits, and, if so, the estimated cost of this.

In the main questionnaire participants were screened yearly for major trial-relevant comorbidities such as
myocardial infarction, stroke, peripheral vascular disease or atrial fibrillation, with the year of diagnosis
recorded if present. This allowed calculation of the yearly incidence of several major conditions.
However, only a limited number of conditions were recorded and there was no valid way of relating
these comorbidities to the reported yearly health-care self-reported resource use. Therefore, to avoid
double counting, these data were not costed independently or added to the economic analysis. Instead,
health-care costs were estimated based on the self-reported questionnaire data.

If a participant had responded to any part of the economic questionnaire, missing entries in that response
were recoded as zero. This was done owing to the high proportion of partially completed questionnaires,
with greater degrees of missing data being apparent in questions to which a lower percentage of positive
responses would be expected. Missing entries were kept as missing if the participant had not responded to
any other sections of the questionnaire, or if the questionnaire had not been sent out.

Costs per health-care contact in a primary care setting were calculated for the majority of visit types using unit
costs obtained from standard national sources.221 All costs used national averages, with qualification costs and
direct care costs included where applicable. (For all unit costs, see Table 49.) GP visit costs were £45 for
practice visits (patient contact of 11.7 minutes) and £114 for home visits (visit time 23.4 minutes). Nurse costs
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TABLE 32 Costs of delivering Let’s Prevent intervention

One-off costs of intervention Total costs (£)

Educator costs: attendance at initial training 350.00

Educator costs: preparation time to deliver initial curriculum 175.00

Venue costs: initial educator training 600.00

Educator costs: attendance at refresher session training 175.00

Educator costs: preparation time to deliver refresher sessions 175.00

Venue costs: educator refresher training 200.00

Resources/food models 45.00

Training materials: education curriculums (one English and one BME per educator) 50.00

Training materials: education resources per set 282.00

Total intervention 2052.00

Total per patient (447 patients) 4.60

Initial educational intervention Cost per patient (£)

Administrative time 5.44

Co-ordinator time 3.65

Delivery F1 format session (8 hours, two educators) 40.00

Participant handbook 3.20

Pedometer 10.00

Refreshments 1.00

Paperwork/letters 1.00

Course materials (consumables) 0.95

Venue hire cost 6.00

Total 71.25

Education: yearly refresher session Cost per patient (£)

Administrative time 5.44

Co-ordinator time 3.65

Delivery F3 format session (4 hours, one educator) 15.00

Refreshments 1.00

Paperwork/letters 1.00

Course materials (consumables) 0.95

Venue hire cost 6.00

Total 33.05

Motivational calls Cost per patient (£)

Nurse time: four calls per year, 30 minutes each 19.48

Total 19.48

Total cost assuming: 10 people attending F1-format English speaking sessions, yearly
refresher sessions (2 years) and motivational calls (four per year for 3 years)

Grand total 200.37

F1, initial core session; F3, refresher annual session.
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were £13.40 for a practice visit (assuming an hourly cost of £40 per hour with an average contact duration
of 15.5 minutes) and £70 for a home visit (assuming £70 per hour of home visiting, with 5.6 patient contacts
per day on average and 69% of an 8-hour day spent on home visits). Other health-care worker costs could
not be accurately assessed owing to the broadness of the category and, therefore, nurse unit costs were used
as a surrogate. Costs per health-care contact in a hospital setting were costed using NHS reference costs for
2012/13.222 Therefore, an outpatient visit cost was valued as £108 using a weighted mean of all outpatient visit
types and their relative frequency; an A&E visit cost was valued at £114.86 (weighted mean of type 1 A&E
visits not resulting in admission), and a day hospital visit cost was valued at £692, again calculated using a
weighted mean of all day procedures and their relative frequency.

Inpatient costs were estimated using NHS reference costs for 2013/13.222 A weighted mean cost
(incorporating all bed-days for elective and non-elective admissions and their relative frequency) was
calculated for inpatient admissions (£1758) and inpatient days (£581). Two different approaches were
explored when valuing inpatient stays: (1) in terms of number of inpatient admissions (£1758) and (2) in
terms of total number of days in hospital (£581). Furthermore, a composite variable was generated after
identifying several instances in which the patient reported answers that were not logically consistent.
For example, if a patient reported one or more admissions without reporting any days spent in hospital,
a hospital days value was generated using a one-admission-to-5-days conversion rate (the within-trial
average based on complete data for number of days in hospital per hospital admission). The converse was
also applied when patients reported days in hospital but no admissions.

When dealing with remaining missing data, rather than imputing values for each category of resource use
and then calculating health-care costs, all the above health-care costs were grouped into non-inpatient
costs (GP, nurse, other health workers, A&E, outpatients, day hospital) and inpatient costs (overnight
hospital admission), and missing values for these two categories were then imputed.

Medication costs
Medication use was collected from participants (assisted by health-care staff) in the trial questionnaire in
the form of a yes/no/unknown categorisation at each time point for major trial-relevant medication
categories (angiotensin-converting enzyme inhibitors, aspirin, angiotensin II receptor blockers, beta
blockers, calcium channel blockers, diuretics, statins, fibrates, thyroid medications, vitamins and steroids).
For each of these medication categories a free-text entry was provided, where the name of the medication
taken was recorded, although this was not always done. Any medication not falling into one of these
categories was recorded in free-text format but not categorised. Participant self-reported medication costs
were also recorded in the economic questionnaire, but owing to the imprecision and incompleteness of
this information and uncertainty as to what it actually measured, this was not used in the analysis.

To value participant medication, we obtained unit costs for the categorised and free-text entry medications
separately. Medications not available on prescription were not included. For the trial-relevant medication
categories, costs were generated using weighted average medication unit costs for the relevant category
from prescription cost analysis data on national prescribing volumes and costs.223 An assumption of one
tablet per day was made except where clearly inappropriate: for instance, for inhaled/intranasal/topical
medications a use of one unit/month was assumed; for antibiotics a 7-day course was assumed; and for
bisphosphonates once weekly administration was assumed. A coding of ‘unknown’ was treated as
‘no’ for the purposes of analysis, as this was felt to be most reflective of clinical reality. For the ‘other’
medications category, all unique word entries at 12, 24 and 36 months were extracted and assigned to
author-generated categories. We then calculated weighted average medication costs for these categories
(e.g. antidepressants, antiepileptics, non-steroidal anti-inflammatory drugs); medications that did not
easily fit into a major category were assigned into a generic category and a standard weighted average
medication cost was applied (using the mean of all previously estimated medication categories). Medications
already included in the yes/no/unknown categorisation were not included in the other medication cost
calculation. Using these methods, there was no evidence of any significant difference in medication costs
at baseline between the intervention and control arms.
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Statistical analysis
We performed a within-trial economic analysis, with total health-care costs and QALYs gained per patient
calculated for the 36 months of the trial period in the intervention and standard care groups. Health-care
costs consisted of medication and non-inpatient costs (GP, nurse, other health workers, A&E, outpatients,
day hospital). The high proportions of missing data in several variables made the use of complete-case
analysis unreliable and prone to potential bias. The degree of missing data was highest in the economic
questionnaire (EQ-5D, inpatient and non-inpatient data) with 98%, 62% and 41% of data missing at 12,
24 and 36 months, respectively (see Table 50). In the main trial questionnaire, the proportion of missing
data varied between variables and time points (21–45% missing data for 15D utilities; 19–41% for
medication use data).

Inpatient costs were not included in the multiple imputation and subsequent analysis, because the degree
of missing data was particularly high and because the available data displayed logical inconsistencies
in the reported answers (e.g. patients reporting zero hospital admissions overnight but spending 2 days in
hospital). We corrected for these logical inconsistencies using a 1 : 5 conversion rate where appropriate for
‘admissions: days in hospital’ (based on the within-trial average of 5 days spent in hospital per admission
reported), but despite this correction inpatient costs could not be reliably imputed and resulted in heavily
distorted data. Therefore, inpatient costs were not included in the primary analysis but are reported in the
sensitivity analysis to demonstrate these problems.

Non-inpatient costs at 12 months were not imputed, as the proportion of missing data (98%) was too
high to result in a valid imputation exercise. Therefore, we used non-inpatient costs at 24 months as an
approximation of 12-month costs. This was done post multiple imputation.

Multiple imputations were performed using a chained model with 60 iterations to account for the high
proportion of missing data in this trial. Multiple imputation replaced each missing value with a set of
m plausible values to generate 60 replacement values (m = 60) for each of the missing cells in these data
sets, using multiple linear regression models with the baseline complete covariates age, sex, BMI and
practice code. The imputed variables were merged EQ-5D (reported +mapped) at 0, 6, 12, 24 and
36 months, non-inpatient costs at 24 and 36 months, and medication costs at 12, 24 and 36 months.

We accounted for the effects of clustering at practice level using a mixed-effects model with a random-effects
component, at the level of practice code (Stata command Xtmixed). A covariate was deemed to be statistically
significant if p < 0.05. Utilities were adjusted for baseline differences between the intervention and control
groups in all subsequent analysis, using analysis of covariance. Statistical analysis was performed using Stata
version 13.

Finally, all costs and QALYs were discounted to present values at a 3.5% annual rate. We calculated an
incremental cost-effectiveness ratio (ICER) by dividing the mean cost difference between intervention and
control groups by the mean QALY difference. We report the probability that the intervention is the most
cost-effective option at a threshold of £20,000 per QALY gained using the net benefit framework and
Fieller’s theorem.

Results

Utilities
Mean utility scores are reported in Tables 33 and 34. 15D utilities were available at all time points, with
the percentage of missing data ranging between 20% at baseline and 45% at 36 months. EQ-5D utilities
are reported at 12, 24 and 36 months with only minimal 12-month data available (n = 20). Mapped EQ-5D
uses a published 15D to EQ-5D mapping equation (see Methods) to predict EQ-5D utilities using 15D data.
We report the mean utilities of the merged EQ-5D variable pre and post multiple imputation (see Tables 33
and 34). This is shown graphically in Figures 11–13. A significant difference in 15D and in EQ-5D utility
levels at baseline is evident, with slightly higher quality of life in the control group.
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TABLE 33 Mean utility scores using complete cases

Instrument and time point

Intervention Control

Mean (SD) Cases, n Mean (SD) Cases, n

15D (reported)

Baseline 0.872 (0.110) 358 0.892 (0.921) 337

6 months 0.886 (0.097) 283 0.893 (0.093) 317

12 months 0.890 (0.092) 300 0.890 (0.097) 314

24 months 0.877 (0.101) 264 0.883 (0.097) 265

36 months 0.884 (0.101) 238 0.876 (0.097) 249

EQ-5D (reported)a

12 months 0.835 (0.197) 16 0.817 (0.174) 4

24 months 0.771 (0.237) 178 0.800 (0.188) 195

36 months 0.797 (0.218) 287 0.783 (0.223) 292

EQ-5D (mapped from 15D)

Baseline 0.783 (0.205) 358 0.820 (0.171) 337

6 months 0.809 (0.180) 283 0.822 (0.172) 317

12 months 0.816 (0.169) 300 0.816 (0.179) 314

24 months 0.791 (0.186) 264 0.802 (0.180) 265

36 months 0.804 (0.187) 238 0.789 (0.179) 249

EQ-5D (reported +mapped)

Baseline 0.783 (0.205) 358 0.820 (0.171) 337

6 months 0.809 (0.180) 283 0.822 (0.172) 317

12 months 0.817 (0.170) 304 0.817 (0.177) 314

24 months 0.783 (0.220) 296 0.804 (0.188) 303

36 months 0.791 (0.215) 261 0.784 (0.208) 276

a No data at baseline or 6 months.

TABLE 34 Mean utility scores after multiple imputation

Multiple imputation Intervention (SE) Control (SE) Difference

EQ-5D (reported +mapped)

Baseline 0.778 (0.010) 0.819 (0.009) –0.041 (p = 0.002)

6 months 0.796 (0.010) 0.814 (0.009) –0.018 (p = 0.164)

12 months 0.801 (0.009) 0.815 (0.009) –0.013 (p = 0.308)

24 months 0.776 (0.012) 0.802 (0.010) –0.027 (p = 0.095)

36 months 0.774 (0.013) 0.779 (0.012) –0.005 (p = 0.788)

Total QALYsa 2.356 (0.029) 2.414 (0.025) –0.0585 (p = 0.130)

a Not discounted.
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FIGURE 11 Complete-case mean utility scores for merged EQ-5D utility (reported +mapped) by intervention and
control group at different follow-up time points. Error bars indicate CIs. Ctrl, control; Int, intervention.
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FIGURE 12 Mean utility scores after multiple imputation for merged EQ-5D utility (reported +mapped) by
intervention and control group at different time points. Error bars indicate CIs. Ctrl, control; Int, intervention.
Reproduced from Leal et al.,218 figure 1, Cost-effectiveness of a pragmatic structured education intervention for the
prevention of type 2 diabetes: economic evaluation of data from the Let’s Prevent Diabetes cluster-randomised
controlled trial. BMJ Open 2017;7:e013592. This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix,
adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
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Resource use
Resource use data are reported in Table 35. Medication use is reported as the average number of
medications taken per participant. The difference in number of medications reported is statistically
significant at 36 months, with greater medication use reported by participants in the control group.
Non-inpatient contacts are broadly similar between intervention and control groups and between time
points. For inpatient resource use, the intervention group consistently reported higher hospital use in both
number of admissions and number of days, although this difference is not statistically significant at
any point.

Costs
Health-care costs are reported in Table 36 adopting a complete-case analysis and following multiple
imputation. Medication and non-hospital costs were found to be lower in the intervention arm, albeit
not significant.

Cost-effectiveness analysis
The results of the cost-effectiveness analysis post multiple imputation are reported in Table 37, with a
complete-case analysis included for comparison. In our analysis, the costs of the intervention group were
found to be £168 higher than the control group over 3 years after accounting for clustering. The majority
of this difference is accounted for by the intervention cost.

TABLE 35 Mean resource use per participant

Category

Intervention (n= 447) Control (n= 433)

12 months
(SD)

24 months
(SD)

36 months
(SD)

12 months
(SD)

24 months
(SD)

36 months
(SD)

Medication use 3.2 (2.2) 3.3 (2.2) 3.2*(2.1) 3.3 (2.1) 3.4 (2.1) 3.7* (2.2)

Non-inpatient contacts n = 17 n = 194 n = 295 n = 5 n = 204 n = 302

GP (practice) 2.59 (1.9) 3.5 (3.4) 3.0 (3.3) 4.00 (6.7) 3.3 (3.8) 3.2 (3.6)

GP (home) 0 (0) 0.1 (0.7) 0.1 (0.6) 0 (0) 0.1 (0.6) 0.01 (0.1)

Nurse (practice) 2.00 (1.5) 2.0 (2.3) 2.2 (2.8) 3.4 (4.0) 2.5 (4.9) 2.0 (2.3)

Nurse (home) 0 (0) 0.1 (0.8) 0.1 (0.9) 0 (0) 0.3 (2.1) 0.01 (0.1)

HCW (practice) 0.59 (2.0) 0.3 (1.6) 0.2 (0.9) 0.20 (0.4) 0.2 (0.8) 0.3 (0.9)

HCW (home) 0 (0) 0.04 (0.4) 0.01 (0.2) 0 (0) 0.01 (0.1) 0 (0)

A&E 0.12 (0.3) 0.1 (0.4) 0.2 (0.6) 0.40 (0.9) 0.2 (0.4) 0.3 (1.3)

Outpatient 0.59 (1.2) 0.9 (1.9) 1.1 (3.1) 0.80 (0.8) 0.8 (1.8) 1.2 (3.7)

Day hospital 0.06 (0.2) 0.2 (0.6) 0.1 (0.5) 0.60 (0.9) 0.1 (0.5) 0.1 (0.4)

Inpatient contacts n = 17 n = 194 n = 295 n = 5 n = 204 n = 302

Admissions overnight 0.24 (0.6) 0.19 (0.6) 0.18 (0.7) 0.80 (1.8) 0.15 (0.6) 0.15 (0.5)

Days in hospital 0.89 (2.4) 0.78 (4.0) 0.69 (2.9) 0.40 (0.9) 0.76 (3.8) 0.66 (3.1)

*p < 0.05.
HCW, health-care worker.
Note
Reproduced from Leal et al.,218 table 1, Cost-effectiveness of a pragmatic structured education intervention for the
prevention of type 2 diabetes: economic evaluation of data from the Let’s Prevent Diabetes cluster-randomised controlled
trial. BMJ Open 2017;7:e013592. This is an Open Access article distributed in accordance with the Creative Commons
Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
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TABLE 36 Mean cost per patient by cost category

Category

Intervention Control

Mean (SD) Cases Mean (SD) Cases

Intervention cost (£)a

Year 1 93.53 447 0 433

Year 2 53.42 447 0 433

Year 3 53.42 447 0 433

Medication costs (£)

Baselineb 108.15 (127) 443 102.94 (94) 419

12 months 118.86 (132) 361 126.15 (142) 359

24 months 123.73 (102) 269 120.20 (95) 294

36 months 129.14 (147) 258 136.22 (109) 259

Total medication costc 347.88 (19) 189 354.36 (18) 204

Non-inpatient costs (£)

12 months 268.90 (267) 17 775.78 (710) 5

24 months 444.92 (632) 194 413.61 (621) 204

36 months 411.12 (631) 295 428.54 (623) 302

Inpatient admission costs (£)

12 months 413.65 (989) 17 1406.40 (3145) 5

24 months 326.22 (1023) 194 262.84 (1081) 204

36 months 321.80 (1256) 295 256.13 (915) 302

Multiple imputation

Category Intervention (SE) Control (SE) Difference

Medication costs (£)

12 months 120.28 (6.9) 123.82 (7.0) –3.55 (p= 0.72)

24 months 129.07 (5.6) 123.82 (5.4) 5.25 (p= 0.50)

36 months 127.80 (7.5) 138.47 (6.0) –10.66 (p= 0.28)

Non-inpatient costs (£)

12 monthsd 442.03 (47) 437.32 (92) 4.71 (p= 0.97)

24 months 442.03 (47) 437.32 (92) 4.71 (p= 0.97)

36 months 417.78 (36) 435.56 (35) –17.78 (p= 0.73)

Inpatient admission costs

12 months –
e

–
e

–
e

24 months –
e

–
e

–
e

36 months –
e

–
e

–
e

Total medication cost (£)f 377.16 (17) 386.11 (15) –8.96 (p= 0.70)

Total non-inpatient cost (£)f 1301.84 (113) 1310.19 (194) –8.35 (p= 0.97)

Total intervention cost (£)f 200.37 0

a Not included in multiple imputation, but included in cost analysis subsequently.
b Baseline medication cost likely to be an underestimate (seeMethods), not included in cost analysis, shown here for reference.
c Not discounted, SE reported for comparison.
d Insufficient data for multiple imputation, 24-month costs used as surrogate for subsequent analysis.
e Inpatient admission costs not included in multiple imputation model or subsequent analysis.
f Not discounted.
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The costs as reported in the complete-case analysis (n = 225) are lower, as these do not include
non-inpatient costs which were omitted owing to the fact that the high level of missing data would
significantly reduce the number of cases available for analysis. However, the difference in costs after
accounting for clustering is similar (£171) to the imputation analysis.

A cost-effectiveness acceptability curve is reported in Figure 14, showing the probability that the intervention
is the most cost-effective option at difference values of willingness to pay per QALY. The Let’s Prevent
intervention was found to result in a net gain of 0.046 QALYs over 3 years at an overall cost of £168 per
patient, with an ICER of £3643 and a probability of 0.86 of being cost-effective at a willingness-to-pay
threshold of £20,000.

TABLE 37 Cost-effectiveness analysis

Outcome

Complete (N= 225)a Imputed (N= 880)

Intervention
(n= 102)

Control
(n= 123)

Intervention
(n= 447)

Control
(n= 433)

Costs, £b Medication, intervention
Non-inpatient, medication,
intervention

Year 1 192 (9.3) 109 (8.4) 656 (49) 561 (93)

Year 2 154 (9.5) 106 (8.0) 603 (47) 542 (89)

Year 3 143 (8.9) 112 (7.7) 560 (36) 536 (34)

QALYsb

Year 1 0.835 (0.015) 0.830 (0.013) 0.793 (0.009) 0.816 (0.008)

Year 2 0.800 (0.014) 0.796 (0.013) 0.762 (0.010) 0.781 (0.008)

Year 3 0.759 (0.015) 0.760 (0.014) 0.723 (0.011) 0.738 (0.010)

Total costs, £ 489 (26) 326 (21) 1818 (114) 1639 (192)

Total QALYs 2.394 (0.042) 2.386 (0.038) 2.278 (0.028) 2.334 (0.024)

Difference: QALY (unadjusted);
95% CI

0.0087 (0.057); –0.103 to 0.120 –0.0567 (0.04); –0.130 to 0.016

Difference: QALY (adjusted for
baseline); 95% CIc

0.0349 (0.031) (–0.0257 to 0.0955) 0.0389 (0.02); –0.004 to 0.082

Difference: costs; 95% CI (£) 162 (33); 97 to 228 179 (239); –296.52 to 655.03

Cluster adjusted

Difference: QALYc (adjusted); 95% CI 0.0349 (0.031); –0.0250 to 0.0948 0.0461 (0.03); –0.0171 to 0.109

Difference: costs; 95% CI (£) 171 (41); 91 to 252 168 (285); –395.36 to 731.63

ICER (£) 4906 3643

Probability cost-effective at £20,000 0.80 0.86

a Complete-case analysis: non-inpatient costs not included. SD reported in brackets for absolute values in complete-case
analysis. SE reported in brackets for multiple imputation results and difference values for complete-case analysis.

b Discounted.
c Corrected for difference between groups in utility at baseline.
Note
Reproduced from Leal et al.,218 table 2, Cost-effectiveness of a pragmatic structured education intervention for the
prevention of type 2 diabetes: economic evaluation of data from the Let’s Prevent Diabetes cluster-randomised controlled
trial. BMJ Open 2017;7:e013592. This is an Open Access article distributed in accordance with the Creative Commons
Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
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Sensitivity analysis
A sensitivity analysis was performed owing to the structural uncertainty surrounding the number of
assumptions made in the analysis. This resulted in different estimates of costs and QALYs and resulting
cost-effectiveness (Table 38), but in all scenarios the intervention remained cost-effective at a threshold of
£20,000 per QALY.

In our base-case analysis we adjusted for the cluster nature of the trial when performing multiple
imputations and in our estimation of the difference in costs and QALYs between the options evaluated.
By not adjusting for the cluster nature of the trial in these ways, the ICER increased to £7891 with a
reduced probability that the intervention is cost-effective.

The majority of assumptions and missing data in this analysis concern the use of the economic
questionnaire which was introduced part way through the trial, resulting in a lack of usable data at
12 months and high proportions of missing data at 24 and 36 months. Using only data from the main
trial questionnaire (15D score, medication costs, intervention costs) and disregarding the economic
questionnaire, the net gain in QALYs (0.039) was similar to the primary analysis using EQ-5D data (0.046).
The net difference in total costs was also similar (£187), as in both scenarios the bulk of the cost difference
between groups is a result of the intervention cost.

Inpatient costs were not included in the primary analysis owing to the limited and inconsistent data
available. Including inpatient costs in the analysis results in markedly different results depending on
whether or not clustering was adjusted for. Without adjusting for clustering, an ICER of £16,978 is
estimated compared with an ICER of £3290 when adjusting for clustering.

Cost per case of diabetes mellitus prevented
At the end of the Let’s Prevent trial, 85.7% of patients in the intervention group had not developed T2DM,
compared with 84.5% in the control group. Adjusting for clustering, the intervention group had an
absolute risk reduction of 0.6% (95% CI –4.9% to 6.1%) for developing T2DM by the end of the trial.
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FIGURE 14 Cost-effectiveness acceptability curve showing the probability that the Let’s Prevent intervention is
cost-effective for different ceilings of willingness to pay. Reproduced from Leal et al.,218 figure 2, Cost-effectiveness
of a pragmatic structured education intervention for the prevention of type 2 diabetes: economic evaluation
of data from the Let’s Prevent Diabetes cluster-randomised controlled trial. BMJ Open 2017;7:e013592. This is
an Open Access article distributed in accordance with the Creative Commons Attribution Non Commercial
(CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is properly cited and the use is
non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

COST-EFFECTIVENESS ANALYSIS (WITHIN TRIAL)

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

106

http://creativecommons.org/licenses/by-nc/4.0/


This equates to a cost per T2DM case prevented of £28,589, but it should be borne in mind that the trial
found no statistically significant difference in this outcome measure.

Discussion

We have estimated the cost-effectiveness of the Let’s Prevent intervention, a structured lifestyle
modification programme, using QALYs as our outcome measure. We have found that the intervention is
likely to be cost-effective at a willingness-to-pay threshold of £20,000 per QALY gained.

The Let’s Prevent study is the first structured education- and lifestyle-based diabetes mellitus prevention
RCT in participants with PDM states. Therefore, there are no directly comparable studies. However,
previous studies have examined the cost-effectiveness of structured education and lifestyle interventions in
patients with T2DM. The most relevant to our study is the DESMOND intervention, which delivered a
structured education and lifestyle intervention (on which the Let’s Prevent intervention is based) and which
was found to be cost-effective49 in its study population of patients with established T2DM, with an ICER of
£5387 per QALY gained. Notably, the ‘real world’ costs of DESMOND are reported to be considerably less
expensive, resulting in a ‘real world’ ICER of £2092. Although not included in this report, the ‘real word’
costs for the Let’s Prevent intervention would be significantly lower than the within-trial costs reported
here. In practice, there would be economies of scale in terms of both man power and resources required.
For example, the one-off costs incurred (educator training, food models, venue costs for training and
training materials) would be used over a much longer period than in the trial, bringing the cost per patient

TABLE 38 Sensitivity analysis (for all scenarios the imputation model is as reported in the primary analysis above,
unless specified)

Scenario

Difference: total
QALY, mean (SD);
95% CI

Difference: total
cost (£); mean
(SD); 95% CI ICER (£)

Probability
cost-effective
at £20,000

Estimation of difference in costs and effects
without adjusting for clustering

0.037 (0.022);
–0.006 to 0.080

179 (239);
–294 to 652

4845 0.87

Multiple imputation performed without
practice code as one of the baseline covariates
and estimation of difference in costs and
effects without adjusting for clustering

0.029 (0.022);
–0.015 to 0.072

225 (142);
–53 to 503

7891 0.76

15D utility scores used to generate QALYs 0.040* (0.016);
0.0078 to 0.072

168 (352);
–532 to 869

4240 0.90

15D score used; non-inpatient costs not used 0.039* (0.017);
0.0058 to 0.071

187 (25);
138 to 236

4848 0.96

Mapping equation from 15D to EQ-5D
estimated using trial data

0.036 (0.029);
–0.020 to 0.092

141 (234);
–320 to 604

3977 0.82

Hospital admission costs included 0.042 (0.031);
–0.019 to 0.10

137 (546);
–945 to 1218

3290 0.80

Hospital admission costs included and
estimation of difference in costs and effects
without adjusting for clustering

0.029 (0.021);
–0.012 to 0.071

500 (321);
–131 to 1130

16,978 0.56

*p < 0.05.
Note
Reproduced from Leal et al.,218 table 3, Cost-effectiveness of a pragmatic structured education intervention for the
prevention of type 2 diabetes: economic evaluation of data from the Let’s Prevent Diabetes cluster-randomised controlled
trial. BMJ Open 2017;7:e013592. This is an Open Access article distributed in accordance with the Creative Commons
Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
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down. In addition, in the trial educators were paid to run courses; in practice, the programme would
be a commissioned service and existing members of staff might work in a different way to deliver the
intervention. Under most such scenarios it could be anticipated that the intervention would be even more
cost-effective when implemented in clinical practice than in a trial setting.

The strengths of the present analysis are that it is based on randomised data from a broad-based
(43 GP practices) multiethnic patient population with a good length of follow-up (3 years) and relatively
low patient drop-out rate. Data were collected on both quality of life and resource use simultaneously and
at different time points.

The major limitations of this cost-effectiveness analysis relate to the degree of missing data and the
reliability and validity of the data available. We attempted to compensate for these limitations by making
several assumptions in our primary analysis and then exploring these assumptions in our sensitivity analysis.
For such a cost-effectiveness analysis, the ideal data set would have consisted of EQ-5D utility scores at all
time points, hospital use data recorded through case report forms and GP records of medications and
appointments. In this study we had access to EQ-5D data at later time points, patient-reported yearly
medications at all time points, and patient-reported hospital and health-care use at later time points.

In this study the EQ-5D instrument was introduced through the economic questionnaire part way through
the study and, therefore, the majority of our quality-of-life data were in the form of the 15D instrument,
although a significant number of EQ-5D data had been collected at later time points. Given the preference
for EQ-5D in health economics, our goal was to use all reported EQ-5D data available and to estimate
EQ-5D scores using 15D data if available, to reduce the number of data requiring multiple imputation.
In our primary analysis we used a published regression equation to achieve this. As demonstrated in our
sensitivity analysis, irrespective of the instrument or composite instrument used to estimate QALYs,
we consistently demonstrated a greater increase in QALYs in the intervention than in the control group,
once differences in baseline utility had been accounted for. Although the 15D instrument is not as well
validated as the EQ-5D instrument, in this study it formed our most reliable and complete single data
source on quality of life. Using only data from the 15D instrument, the net gain in QALYs in the
intervention group was similar to our primary analysis using composite EQ-5D-based data. The difference
noted in baseline utility may relate to the cluster randomised nature of this trial at the level of GP practices.
Furthermore, we noted a significantly higher IMD score in the intervention group than in the standard care
group at baseline.

Medication use data in this study were collected through the main trial questionnaire and the data set
was comparatively complete. Although several assumptions were made in estimating medication costs,
these were applied to both intervention and control groups, and the impact on difference in costs
between the groups is likely to be minimal, although the accuracy of the absolute values for each group
are likely to be less robust. We found no statistically significant difference between the intervention and
control groups in medication cost. We did not include hospital data in our primary analysis owing to the
limited number of data available, which were of questionable validity. When included in the multiple
imputation models as part of the sensitivity analysis, inpatient admission data exerted a disproportionate
effect on the ICER, with the net effect being markedly skewed depending on whether or not clustering
was accounted for. This was thought to be a reflection of the relatively small sample of the inpatient
data available, the imprecision with which it was recorded by patients and the high cost of inpatient
admissions, such that the degrees of random variation that would be expected when handling data of a
smaller sample would exert a dramatic effect on overall cost.

The volume of missing data was significant, ranging from 20% to 56% in the data that were used for
the primary analysis. Some of the missing data relate to the introduction of the economic questionnaire
half-way through the study. The remainder of the missing data is accounted for by attrition in patient
response to questionnaires over time. To account for this level of missing data, we used multiple
imputation, a validated technique224 for handling missing data in RCTs, which is superior to complete-case
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analysis when there are significant degrees of missing data. We were unable to use multiple imputation
on 12-month non-inpatient data, as the degree of missing data (> 95%) did not allow for a workable
imputation model. Therefore, we used 24-month estimates as a ‘best guess’ for 12-month data. Given the
similarity in non-inpatient data, both between intervention and control groups, and between time points,
the effects of this assumption on the analysis were minimal.

In order to account for the clustering in this trial we used a mixed-effects model to analyse data post
multiple imputation. We also included the cluster code in the imputation itself as a baseline explanatory
variable, although this does not correct the data for clustering but rather uses GP practice as one of the
variables (in addition to age, sex, BMI, and quality of life and economic indices) to generate replacement
values for missing data, without exerting any effect on complete data. Analysing cluster-randomised data
in the presence of missing data is not straightforward and future research might fruitfully explore the
performance of different methods of doing so.

A further limitation of this study is that the time horizon of the analysis was restricted to 3 years. A longer
duration of follow-up might be expected to yield greater quality-of-life benefits for the intervention arm,
thus further improving the cost-effectiveness of the intervention. Longer-term economic modelling was
originally proposed in the study design, but not undertaken for two reasons. First, the primary within-trial
analysis showed that the intervention was cost-effective (£3643 per QALY gained) over the 3-year
follow-up period. We considered it highly likely that any extrapolation would simply make the intervention
even more cost-effective and would not qualitatively change the conclusion. Second, the original intention
to conduct some extrapolation was based on the assumption that the trial might produce differences in
numbers with diagnosed diabetes mellitus, and the long-term outcomes of these differences could then be
propagated by modelling. In fact, the trial did not find a statistically significant difference in the proportion
of patients developing diabetes mellitus, in any between-group differences for CVD or CHD 10-year risk,
in the proportion with a CVD risk > 20%, or in any risk factor other than a very small 0.06% difference
in HbA1c. The outcomes were driven by the quality-of-life differences, which would not have been
propagated by either of these models. However, additional follow-up of patients in the study would be
very desirable to assess whether or not quality-of-life differences are maintained and whether any
significant differences emerge in risk factors or in the development of diabetes mellitus.

Summary

This study has provided a reliable estimate of the costs of the Let’s Prevent intervention and broad-based
estimates of the outcomes of the intervention (QALYs and health-care costs). Even taking into account the
issues caused by missing data, the results appear robust across different assumptions, thereby indicating
that the Let’s Prevent intervention is cost-effective using quality of life as our outcome measure. Owing to
the modest number of cases of T2DM prevented, this study has not attempted to quantify the additional
long-term benefits that this would provide.
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Chapter 9 Implementation, impact and
added value

A long with the primary research-oriented outputs detailed in earlier chapters, we undertook diverse
associated activity which substantially contributed to the national infrastructure needed to ensure rapid

implementation and dissemination of the outputs developed through this grant. This included the
implementation of pathways, resources and processes for the prevention of T2DM within primary care,
forming partnerships with industry and charities to extend the reach and uptake of developed materials,
and contributing to national guidance. This chapter highlights these associated activities and provides a case
study of how NIHR programme grants can link to the wider national agenda to maximise value for money.

Implementation pathways, resources and processes

Our programme grant coincided with the first round of NIHR Collaboration for Leadership in Applied Health
Research and Care (CLAHRC) funding. Several investigators on the programme grant were centrally involved
in the successful Leicestershire, Northamptonshire and Rutland CLAHRC, particularly in the organisation and
leadership of the prevention and early detection themes. These twin pillars of NIHR-funded infrastructure
afforded by CLAHRC and our programme grant supported a dedicated programme of work that was
focused on developing clinically effective and feasible prevention pathways within primary care.

The initiation of the NHS Health Check programme in 2009 provided the first clear national-level policy
for the prevention of vascular disease within primary care.7 The prevention of T2DM through the
identification of at-risk individuals and the provision of lifestyle change programmes was at the heart of
the original business case and economic modelling that supported the creation of the NHS Health Check
programme and remains a fundamental target of the policy.225 However, there was no clear framework
or mechanism for how diabetes mellitus prevention pathways could be co-opted into current primary
care systems. We therefore set out to overcome this limitation by working with commissioners, GPs,
practice nurses and members of the public.

After an initial scoping exercise, we centred this work around the DESMOND collaborative (see
www.desmond-project.org.uk/). Since 2003, NICE has recommended the use of structured education in
the management of diabetes mellitus;149 all individuals with T2DM are recommended to receive some
form of structured education to aid their self-management and to promote lifestyle change at the time
of diagnosis. DESMOND is one of the most prominent structured education programmes available to
commissioning organisations nationally and the only programme to undergo a multicentre cluster RCT to
quantify clinical effectiveness and cost-effectiveness.48,49 As such, it is the most widely commissioned T2DM
education programme in the UK, with over half of all CCGs (formally PCTs) having commissioned it for use
within their diabetes mellitus care pathways. With the advent of the NHS Health Check programme,
proactive regions expressed an interest in working with us to develop the systems needed to extend the
delivery of structured education through DESMOND into the prevention of T2DM.

In 2010 work began with three early implementation sites to develop and pilot resources and pathways
for extending structured education into the prevention of T2DM. At the time, the ‘Walking Away from
Diabetes’ programme was the only structured education programme aimed at the prevention of T2DM to
be underpinned by RCT evidence of efficacy.50,51,226 Walking Away (originally called the PREPARE programme)
acted as a precursor to, and informed the content of, the Let’s Prevent programme (see Chapter 4). Given
that in 2010 Walking Away was already fully developed through CLAHRC, and considering the underpinning
evidence of efficacy, it was chosen as the initial test-case structured education programme to inform our
national implementation pilot work. However, the developed pathways are not specific to any one
programme and can be utilised by other programmes, including Let’s Prevent.
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Implementation pilot sites

The three initial pilot sites were Cumbria, Brighton and County Cork, Republic of Ireland. Cumbria
Partnership NHS Foundation Trust had successfully embedded DESMOND into their diabetes mellitus care
pathway and were planning on using opportunistic screening through the NHS Health Check programme
to identify and refer at-risk individuals into a diabetes mellitus prevention programme. Brighton PCT had
recently commissioned DESMOND and had a coexisting cohort of individuals within primary care who were
identified and coded with IFG or IGT. There was local commitment for supporting and developing a
pathway for these participants with referral into a lifestyle intervention. Finally, County Cork, Ireland, had
secured funding to run a community-based model of prevention, which included the identification of
at-risk individuals through the promotion of the Leicester self-assessment risk score and community
campaigning. High-risk individuals were then able to request or seek referral into a lifestyle intervention.
The sites provided three different test cases which would enable generalisability of developed approaches
to future sites.

All three sites were visited by our team for initiation visits with relevant stakeholders. A detailed plan of
implementation was than drawn up for each site. A cohort of DESMOND educators from each site were
provided with one full day of vocational training to enable them to deliver Walking Away in addition
to their DESMOND training. Training and subsequent quality-assurance models were based on those
developed by the programme grant (see Chapter 4). The trained cohort of DESMOND educators and
commissioners then met with our team several months later to discuss progress, to share successes and
failures in terms of referral pathways and attendance rates, to highlight planned revisions to their
pathways and to provide feedback on how the programme content and delivery could be improved.
Finally, our team conducted a final site visit, which included undertaking focus groups with participants
who had been through the prevention pathway from identification to referral through to attendance on
the Walking Away programme. The focus groups were used to understand user-level perceptions of
the referral pathway and programme content. This work provided a blueprint for the implementation
of structured education in the prevention of T2DM which rapidly expanded to include differential
models of training for DESMOND or non-DESMOND sites and registered or non-registered
health-care professionals.

To date, our pathway has been commissioned in over 15 regional locations in the UK, from Edinburgh to
Essex; in two regional locations in the Republic of Ireland; and in Gibraltar, with ongoing plans for
implementation in Australia. We have worked with our implementation partners to evaluate specific
elements of the pathway. For example, the implementation in Cumbria was estimated to cost as little as
£30 per patient referred. Up until mid-2014, over 3000 individuals have been referred to and attended the
Walking Away programme in the Cumbria site alone. A recent evaluation of the pathway in the Wigston
and Oadby area of Leicestershire reported highly positive feedback from participants and demonstrated
significant changes to behaviour 6 months after attending the Walking Away programme to levels that
were consistent to changes reported in the original RCT (for report see Appendix 33).

Leicester Prevention Pathway
Each element of our prevention pathway developed in the above work, and directly informed through the
programme grant detailed in earlier chapters, has been combined to form the Leicester Prevention
Pathway. The elements and resources available within the Leicester Prevention Pathway are highlighted in
Table 39.

Links with and dissemination through industrial partners

The work around the development of risk scores and risk identification algorithms supported by the
programme grant (see Chapter 3) enabled significant collaboration and partnership with charity and
industry partners, resulting in substantially increased reach and dissemination to the general population.

IMPLEMENTATION, IMPACT AND ADDED VALUE
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TABLE 39 The Leicester Prevention Pathway

Pathway
area Tool name Description

Freely
available?

Available through
commissioning?

The burden Estimating your
at-risk population

A spreadsheet tool that estimates the number
of individuals within a given CCG who have
undiagnosed T2DM or who are at risk of
T2DM. Undiagnosed and at-risk prevalence
categories can be tailored to assessment
method, including HbA1c. In addition, the tool
will estimate the projected annual incidence
rates of T2DM from the at-risk category if
usual care is maintained. Data are based on
Leicester-ADDITION,9 a population-based
T2DM screening study and tailored to
individual CCG size and ethnic make-up

In process NA

Risk
identification

Algorithm Detailed clinical algorithms for the
identification of undiagnosed T2DM or PDM
based on NICE guidance. These tools provide
a step-by-step approach to risk identification
and are designed to support decision-making
within primary care. An additional algorithm
was developed to support the implementation
of risk identification within Boots (Boots UK,
Ltd, Nottingham, UK) pharmacies (described
further in the next section)

✓ NA

Practice risk score Freely available tool which can be downloaded
onto GP practice computers and used to rank
all adults aged 40–75 years for the risk of
T2DM; based on the risk score detailed in
Chapter 3. This tool allows GP practices to
quickly and efficiently identify who they
should target for further screening and/or
referral (see www.leicesterdiabetescentre.
org.uk/Leicester_Practice_Risk_Score-
5905.html)

✓ NA

Self-assessment
risk score

Self-assessment risk score to complement the
practice-based risk score. Additional funding
secured from Diabetes UK was used to
develop a paper-based risk score which
enables individuals to calculate their own risk,
helps raise awareness and promotes self-
referral. The risk score was developed with
input from service users and translated into
prominent minority languages. The score also
exists in a web-based platform developed by
Diabetes UK (see http://riskscore.diabetes.org.
uk/2013)

✓ NA

Information
booklet

Are You at Risk of
Type 2 Diabetes?:
information
booklet

A patient booklet that provides information
on how the risk of T2DM is identified, what
this means for the individual, and how the
risk can be modified with lifestyle change.
The booklet was designed in response to
an identified clinical need for accurate
and easy-to-disseminate patient
information following identification of
a high-risk status

✓ NA

continued
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In 2009 we were commissioned by the charity Diabetes UK to develop a self-assessment risk score for use
by the general population. This work supported the development and validation of a scoring protocol
tailored to information gained through self-assessment rather than practice records.138 The self-assessment
score and practice risk score contain similar variables and used the same development and validation
analysis plan, but have been developed with their specific use in mind. The practice risk score is calculated
by the LPRS software and therefore has a more sophisticated equation for calculating the score which
gives greater discrimination; the self-assessment score is calculated by hand and is therefore a crude score
with integer points given to categorised variables. The self-assessment additionally asks about waist
circumference; at the time of developing the practice risk score this was not routinely collected in primary
care and, therefore, has not been included in the practice risk score. Developing risk scores with a specific
use in mind and therefore tailored to the requirements of the potential future use is recommended to
those developing risk scores but has rarely been considered in the development of other risk scores.132

This has been highlighted as a possible reason for the limited uptake and use in clinical practice of the
many risk scores developed internationally for detecting those at risk of diabetes mellitus.132

Both scores are recommended by NICE for the identification of those at risk.126 Below is an outline of the
implementation of both scores which has been achieved partly through the collaboration with
charitable partners.

The practice risk score is freely available for download to be used in practices across the entire country
(http://leicesterdiabetescentre.org.uk/The-Leicester-Diabetes-Risk-Score). This was highlighted in the
September 2014 newsletter of the Royal College of General Physicians which is distributed to over 50,000 GPs
nationally. We are also working with Diabetes UK and medical record software providers to incorporate the
practice risk score into one or more of the most commonly used electronic medical records software providers.
This will enable GPs to use the risk score without the need for downloading and installing it.

The self-assessment score has been completed by over 650,000 members of the public on the Diabetes UK
website (http://riskscore.diabetes.org.uk/2013). The self-assessment score is also available in all Boots (Boots
UK, Ltd, Nottingham, UK) and Tesco (Tesco PLC, Welwyn Garden City, UK) pharmacies across the country.

TABLE 39 The Leicester Prevention Pathway (continued )

Pathway
area Tool name Description

Freely
available?

Available through
commissioning?

Lifestyle
intervention

Walking Away
from Diabetes

A 3-hour structured education focused on
increasing walking activity in the prevention
of T2DM with an evidence-based, theory-
driven written curriculum and educator
training and quality-assurance pathways. As
of November 2014, Walking Away has been
commissioned in over 15 regions throughout
the UK as well as in the Republic of Ireland,
Gibraltar and Australia. The programme
includes a host of supporting material for GP
practices, including standardised referral
letters for patients, coding guidelines and
evaluation forms. A commissioning pack is
available on request

✗ ✓

Let’s Prevent
Diabetes

A 6-hour structured education programme
focusing on weight management, diet and
physical activity (see Chapter 4). The
programme will be available to commissioners
from 2015 onwards

✗ ✓

NA, not applicable.
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We have also worked with Boots to integrate HbA1c point-of-care testing alongside the risk score. This is
currently being piloted in local stores. The risk score is also available on the Tesco (www.diabetes.org.uk/
Tesco/Know-your-risk/Diabetes-UK-Online-Risk-Score/), Boots (www.boots.com/en/Pharmacy-Health/
Health-information/Type-2-Diabetes-Find-out-your-risk/), NHS Direct (www.nhs.uk/Tools/Pages/Diabetes.
aspx) and BUPA (the British United Provident Association Ltd, London, UK; www.bupa.co.uk/individuals/
health-information/tools-calculators/hi-hra-diabetes) websites.

Diabetes UK has used the self-assessment score at local road shows since 2011. In 2012 (latest available
figures) they carried out 20,911 risk assessments and referred 10,945 visitors, of whom 3700 were at high
risk of having or developing T2DM in the next 10 years. In a survey conducted in 2011, of those who were
in these higher-risk categories, 69% had been to their general practice or intended to go. Recall of the risk
factors for T2DM and how to reduce risk was high among visitors 2 months after attending the road
show. Evaluation of the use of the self-assessment score within Diabetes UK activities showed that after
being risk assessed, 41% had started to eat more healthily and a further 44% intended to; 33% had
increased their physical activity levels and a further 43% intended to; and 44% of those referred to their
GP had been to their GP to seek a test. Bridget Turner, Diabetes UK, 2013, personal communication, says:

The diabetes risk score plays an important part in encouraging more people to take greater notice of
their health and their lifestyles – helping to tackle the growing public health challenge of Type 2
diabetes and working towards earlier diagnosis and prevention.

Diabetes UK has embarked on a programme of awareness-raising within BME communities by recruiting
‘Community Champions’ – volunteers who are trained to deliver healthy lifestyle and diabetes mellitus
awareness messages through information stands and talks at community centres, places of worship and at
festivals and events. Over 100 champions have been trained in London, and the programme is being rolled
out in four other towns across England. Some champions have been trained to undertake the
risk assessments.

The self-assessment score was featured in the Embarrassing Bodies television programme,227 reaching
around 2 million viewers. The risk scores were awarded gold at the national Quality in Care Diabetes
Awards 2011 for the best early detection/screening initiative.

National policy and guidance

The work undertaken through the programme grant and associated work has significantly informed
national policy and guidance around the prevention of T2DM. The principal investigator (Professor
Melanie Davies) and a coinvestigator (Professor Kamlesh Khunti) were involved as a panel member and
chair, respectively, in the NICE Programme Development Group that developed new guidance for the
prevention of T2DM in high-risk populations. The published risk scores developed through the programme
grant were included in the guidance and expert testimony involving unpublished data from the screening
and structured education phases of the programme grant, including the importance of standardising
educator training and quality-assurance pathways, substantially informed guidance on the content and
structure of lifestyle intervention programmes. The finalised NICE guidance was published in 2012.13

In addition to NICE, work supported through the programme grant contributed to The Handbook of
Vascular Risk Assessment, Risk Reduction and Risk Management (both the original 2008 version and
updated 2012 version228) and our work in South Asian populations significantly informed guidance issued
by the South Asian Health Foundation for diabetes mellitus research priorities in British South Asians.229
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Summary

The programme grant has supported a host of associated activity that significantly adds value to the
primary research objectives. By developing a referral pathway and freely available materials and tools,
supporting the commissioning of our various prevention programmes, working with charity and industry
partners and through contributing to NICE guidance we have ensured that the research supported by the
programme grant has significantly advanced methods of prevention within primary care. We feel that we
have improved individual patient health within the lifetime of the 5-year funding window.
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Chapter 10 Conclusions

This report represents a comprehensive body of work spanning many years, which complements recent
NICE guidance and has the potential for substantial improved patient outcomes through the prevention

of T2DM. This chapter pulls together the work presented in earlier chapters to summarise the main
findings, suggest implications for practice, make recommendations of areas of future research and discuss
dissemination activities and plans.

Main findings and outputs from this programme grant

l We developed and validated a risk score for detecting undiagnosed PDM/T2DM in a multiethnic UK
population using data from existing medical records. We have also developed a freely available piece of
software which allows GPs nationally to use this risk score for screening for PDM/T2DM.

l We developed a group education programme for the prevention of diabetes mellitus (Let’s Prevent)
in those with PDM suitable for roll-out within a NHS setting. The programme consists of an initial
6-hour course followed by yearly refresher sessions with motivational telephone calls throughout.
The programme was extensively piloted and then tested in a large-scale cluster RCT.

l We identified 17,972 people at high risk of PDM/T2DM from 44 general practices using the risk score
and invited them for screening. In total, 3449 participants were screened, of whom 30% had PDM/
T2DM. The rates of glucose abnormalities detected were significantly higher than those previously
reported when using a population-based approach. The 880 people identified with PDM were included
in the RCT.

l We conducted a cluster randomised trial; 44 GP practices were randomly assigned to receive either the
Let’s Prevent structured education programme or standard care. Participants were followed up for
3 years and the primary outcome was progression to T2DM. We found a non-significant 25%
reduction in the progression to T2DM in those receiving the education compared with the standard
care group; this was increased to 35% when excluding those who did not attend. Positive findings
were also seen for HbA1c, LDL cholesterol, psychosocial well-being, sedentary time and step count up
to 3 years post the initial education programme.

l Intervention effectiveness increased in a linear manner with increasing face-to-face contact; those who
attended Let’s Prevent and both group-based follow-on support sessions (at 12 and 24 months) had a
statistically significant 88% reduction in their risk of T2DM.

l We conducted a cost-effectiveness analysis and showed that the Let’s Prevent intervention is highly
cost-effective. The costs for the intervention group were found to be £168 higher over 3 years after
accounting for clustering than for the standard care group; the majority of this difference is accounted
for by the intervention cost. The Let’s Prevent intervention was found to result in a net gain of 0.046
QALYs over 3 years at an overall cost of £168 per patient, with an ICER of £3643 and a probability of
being cost-effective of 0.86 at a willingness-to-pay threshold of £20,000.

l Alongside this work we have developed a referral pathway and freely available materials and tools,
supporting the commissioning of our various prevention programmes. Through working with charity
and industry partners and contributing to NICE guidance, we have ensured that the research supported
by the programme grant has significantly advanced methods of prevention within primary care.

Implications for practice

The evidence presented here suggests that a two-stage screening programme utilising a non-invasive risk
score followed by a blood test is feasible in primary care and identifies people with previously undiagnosed
PDM/T2DM with a high level of discrimination and calibration. Those found to have PDM can then be
enrolled into a prevention programme. The evidence here suggests that Let’s Prevent offers a clinically
effective and cost-effective option for use in the NHS. Let’s Prevent is based on the DESMOND
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programme, which has been successfully commissioned across the UK. This gives an existing infrastructure
which could be used to roll out this programme with scale and at pace. Team members were actively
involved in the development of the NICE guidelines on the identification of those at high risk of diabetes
mellitus. The programme of work presented here meets those guidelines and gives an infrastructure for
how they can be met. The risk score is already available for use and is being used around the country.
We aim to make the self-management structured education intervention also available quickly for CCGs
to commission.

Research recommendations

A number of areas for further research emerge from this large body of work.

l The risk score was developed using a large data set from Leicester and Leicestershire. The ethnic
make-up of this area means that the increased risk weighting for being from a BME group was
dominated by those from a South Asian background. In other areas, other ethnic groups are
predominant. Further research is warranted to assess whether or not the current BME coefficient
within the risk score is valid for other ethnic groups.

l Only 19% of those invited to be screened actually attended. This may reflect the fact that participants
were also being asked to take part in a research study. The NHS Health Check programme sees uptake
rates of around 40%, which, although still low, are double those seen in research. Research is needed
into methods for increasing the uptake to screening. This could include providing screening services
outside primary care (i.e. pharmacy, community events), enhancing risk communication to patients in
the screening invitation, increasing opportunistic referral from GPs through the use of prompting tools
and using GP- and patient-level incentives to increase uptake.

l The Let’s Prevent structured education intervention was offered as either a 6-hour programme held on
1 day or as two 3-hour sessions held on different days. Around 23% of those in practices randomised
to the intervention arm did not attend the initial education session, with only 29% of those in the
intervention group attending offered face-to-face contacts (i.e. initial care session plus both refresher
sessions). Offering prevention programmes in alternative modalities may increase attendance, particularly
for follow-on support after initial face-to-face approaches. With near-universal mobile phone ownership
and three-quarters of the population now having daily access to the internet, eHealth and mHealth
interventions are increasingly being used to promote lifestyle intervention.230,231 The integration of
such technological platforms into traditional behaviour change interventions may help to maximise
engagement and better reflect changing societal norms around communication and feedback.
Further research is therefore needed to investigate the efficacy of integrating mHealth and eHealth
approaches with traditional interventions such as Let’s Prevent.

l Pedometers were a key part of Let’s Prevent; they were identified as important in the development
of the programme and have previously been shown to be an effective interventional tool in the
prevention of T2DM.232 Research is needed to investigate whether or not the provision of a pedometer
with brief counselling and promotional materials could be used to promote physical activity behaviour
change in those with PDM who are unable or unwilling to attend Let’s Prevent and to investigate
the acceptability of pedometer use in different ethnic populations.

l The Let’s Prevent structured education intervention was adapted for people from a South Asian
background. The programme was delivered via translators and the food models and games were tailored
to be culturally appropriate. Using the same model of adaptation, the programme could be adapted for
other minority groups, for example for those from Chinese or Afro-Caribbean backgrounds.

l The RCT followed up participants for 3 years. A natural extension to the programme of work would be
to follow up these participants over a longer period, such as 10 years. Such a follow-up could be used
to see if the event rate difference between the two groups in terms of T2DM increases over a longer
duration, and we could also assess other outcomes such as CVD. Finally, Chapter 8 assessed the costs
over the duration of the study; using modelling approaches, projected future costs savings could be
assessed over a 10-year time horizon.

CONCLUSIONS
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Dissemination activities and plans

In consultation with the Leicester Diabetes Focus Group, The Leicester Centre for Ethnic Health and our
public and patient involvement lead (Kenneth Jones), we shall disseminate the findings of the Let’s Prevent
study though a public event. All participants and GPs who took part in the study will be invited. At the
event the main findings will be announced and there will be an opportunity for people to ask questions
and speak to members of the study team. For those who are not able to attend, we shall also produce
a newsletter.

In terms of academic dissemination, many of the work streams reported here have already been published
in high-impact journals.52,113,145,146,201,210 The cost-effectiveness analysis will also be published and presented
both locally, nationally and internationally. Locally, this will be achieved through our existing collaborations
with NIHR CLARHC East Midlands and the East Midlands Academic Health Sciences Network. We presented
the Leicester Diabetes Prevention Pathway at the Academic Health Sciences Network Diabetes Innovation
Exchange in January 2015. National and international dissemination was achieved by presenting the results
at key conferences, such as Diabetes UK and the International Diabetes Federation Congress.233–235

Summary

The results of this programme of work show that it is feasible to identify those with PDM in a primary care
setting and to intervene to reduce their incidence of T2DM and promote healthy lifestyle options, using a
group programme that is both clinically effective and cost-effective. The programme of work completed
mirrors NICE guidelines and achieves their recommendations to meet a previously unmet need in the UK.
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Appendix 1 Systematic review search strategy
(MEDLINE)

Example search strategy: MEDLINE.

1. Aerobic train$.tw.
2. Behav$ Modif$.tw.
3. Behav$ therap$.tw.
4. Cognitive$ therap$.tw.
5. counsel$.ti.
6. Health$ Educ$.tw.
7. Health$ Promot$.tw.
8. Health$ behav$.tw.
9. Educat$ program$.tw.

10. Patient Educ$.tw.
11. (Diet$ adj2 Intervention$).tw.
12. (Diet$ adj2 Modif$).tw.
13. Food habit$.tw.
14. (Health$ adj2 Eating).tw.
15. (Nutrition$ adj2 Counselling).tw.
16. (Nutrition$ adj2 Therap$).tw.
17. (Exercis$ adj2 intervention$).tw.
18. Physical Exercise.tw.
19. (Exercis$ adj2 therap$).tw.
20. Physical endurance.tw.
21. Physical education.tw.
22. Physical Fitness.tw.
23. Physical Activit$.tw.
24. Physical Train$.tw.
25. Resistance Train$.tw.
26. Strength Train$.tw.
27. (Lifestyle adj2 advice).tw.
28. (Lifestyle adj2 Guid$).tw.
29. (Lifestyle adj2 Modif$).tw.
30. Lifestyle Program$.tw.
31. Weight control$.tw.
32. Weight Train$.tw.
33. Weight reduc$.tw.
34. Weight loss program$.tw.
35. weight loss.tw.
36. (Weight adj loss adj program$).tw.
37. (lifestyle adj2 intervention).tw.
38. Sport$.tw.
39. walk$.tw.
40. jog$.tw.
41. swim$.tw.
42. cycle$.tw.
43. Bicycle$.tw.
44. exp Health Promotion/
45. exp Program Evaluation/
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46. exp Patient Education as Topic/
47. exp Diet Therapy/
48. exp Nutrition Therapy/
49. exp Exercise Therapy/
50. exp Diet, Reducing/
51. (diabet$ adj4 lessen$).tw.
52. (diabet$ adj5 (reduc$ adj4 risk$)).ti,ab.
53. (diabet$ adj4 (lower$ adj5 incidence$)).ti,ab.
54. (diabet$ adj4 (decreas$ adj5 risk$)).ti,ab.
55. (diabet$ adj4 (reduc$ adj5 incidence$)).ti,ab.
56. (diabet$ adj4 (decreas$ adj5 incidence$)).ti,ab.
57. (diabet$ adj4 (lower$ adj5 risk$)).ti,ab.
58. (diabet$ adj4 (delay$ adj5 onset$)).ti,ab.
59. (diabet$ adj4 (reduc$ adj5 onset$)).ti,ab.
60. (diabet$ adj4 (reduc$ adj5 progress$)).ti,ab.
61. (diabet$ adj4 (decreas$ adj5 onset$)).ti,ab.
62. (risk$ adj4 develop$ adj4 diabet$).ti.
63. (reduc$ adj4 develop$ adj4 diabet$).ti,ab.
64. (decreas$ adj4 develop$ adj4 diabet$).ti,ab.
65. (diabet$ adj4 prevent$).tw.
66. (diabet$ adj4 reduc$).tw.
67. (diabet$ adj4 decreas$).tw.
68. (diabet$ adj4 lower$).tw.
69. (diabet$ adj4 lessen$).tw.
70. (diabet$ adj4 (reduc$ adj5 prevalence)).ti,ab.
71. (Diabet$ adj4 (decreas$ adj5 progress$)).ti,ab.
72. (diabet$ adj4 (lessen$ adj5 prevalence)).ti,ab.
73. (diabet$ adj4 (decreas$ adj5 prevalence)).ti,ab.
74. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19

or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or
36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50

75. 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67
or 68 or 69 or 70 or 71 or 72 or 73

76. Diabetes Mellitus, Type 2/pc [Prevention & Control]
77. exp Exercise/
78. exp Diet/
79. 77 or 78
80. 76 and 79
81. 74 and 75
82. OBSERVATIONAL.ti,ab.
83. RCT.ti,ab.
84. (RANDOMI$4 adj CONTROL adj TRIAL$).ti,ab.
85. Experimental studies.ti,ab.
86. (QUASI adj EXPERIMENTAL).ti,ab.
87. TRIAL$.ti,ab.
88. Time-series.ti,ab.
89. Cross-sectional.ti,ab.
90. Cross-sectional studies.ti,ab.
91. longitudinal study.ti,ab.
92. Clinical trial.ti,ab.
93. randomized.ab.
94. placebo.ab.
95. dt.fs.
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96. randomly.ab.
97. trial.ab.
98. groups.ab.
99. (Before adj2 after).ab.

100. Cohort analy$.ab.
101. exp cohort studies/
102. (cohort adj (study or studies)).ab.
103. (follow up adj (study or studies)).ab.
104. Retrospective.ab.
105. 82 or 83 or 84 or 85 or 86 or 87 or 88 or 89 or 90 or 91 or 92 or 93 or 94 or 95 or 96 or 97 or 98

or 99 or 100 or 101 or 102 or 103 or 104
106. 80 or 81
107. 105 and 106
108. animal/ not (animal/ and human/)
109. 107 not 108
110. limit 109 to english language
111. limit 110 to yr=2012-current
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Appendix 2 Coding of intervention content

TABLE 40 Coding of intervention content

Component Coding

1. Aim to promote changes in both diet and
physical activity

Yes/no (1,0)

2. Use established, well-defined behaviour change
techniques (e.g. specific goal-setting, relapse
prevention, self-monitoring, motivational interviewing,
prompting self-talk, prompting practice, individual
tailoring, time management)

Yes/no (1,0). Yes is scored if, as well as basic information
provision, it includes ≥ 3 techniques from table 14 in the
IMAGE guideline (which provides definitions used by NICE
and other reviewers), or from a recognised taxonomy of
behaviour change techniques (Michie et al.236)

3. Work with participants to engage social support for
the planned behaviour change (i.e. engage important
others such as family, friends and colleagues)

Yes/no (1,0). Yes is scored if participants are encouraged to
identify and seek social support outside the group (i.e. in
their day-to-day lives). Encouraging social support within the
group in a group-based intervention is not sufficient to code
yes

4. Maximise the frequency or number of contacts with
participants (within the resources available)

High/medium/low (2,1,0), based on median split of total
number of contacts

Structured physical activity (e.g. gym-based exercise) sessions
that were offered have not been counted, as they are
assumed not to involve a substantial interactive component.
Written contacts (newsletters, etc.) were not counted

5. Use a coherent set of ‘self-regulatory’ intervention
techniques (specific goal-setting, ideally with coping
planning, also known as ‘relapse prevention’);
prompting self-monitoring; providing feedback on
performance; problem-solving; review of behavioural
goals)

Yes/no (1,0). Yes is scored if the intervention includes goal
setting, self-monitoring (of outcomes or behaviours) and at
least one other self-regulation technique [providing feedback
on performance, problem-solving (relapse prevention),
revising action plans in the light of performance]

6. Use a group size of 10–15. This recommendation is
designed to balance cost and effectiveness, rather than
to be an exact specified range, so we coded for ‘a
group size of no more than 15’ (the point at which
effectiveness is expected to be diminished)

Yes/no (1,0). If a range was reported for group size
(e.g. groups of 15–20), the mid-point of the range was used
for coding purposes

If individual (one-to-one) intervention was used, then a yes is
coded (1 case)

7. Provide at least 16 hours of contact time over the first
18 months

Yes/no (1,0). Contact time is assumed to be 1 hour per group
session if session length is not stated (one case) or 10
minutes for a telephone contact (two cases), 30 minutes for
an individual counselling session (one case) and 15 minutes
for a GP visit (one case)

8. Ensure programmes adopt a person-centred,
empathy-building approach

Yes/no (1,0). Coded as yes if it is explicitly stated that a
person-centred, empathy-building or empowerment
theory-based approach was used throughout, or if
motivational interviewing or other empathy-building
techniques are specified

9. Allow time between sessions, spreading them over a
period of 9–18 months

Yes/no (1,0)

10. Information provision: to raise awareness of the
benefits of and types of lifestyle changes needed

Yes/no (1,0)

11. Exploration and reinforcement of participants’ reasons
for wanting to change and their confidence about
making changes

Yes/no (1,0)

12. Gradual building of confidence (self-efficacy) by
starting with achievable and sustainable short-term
goals and setting of graded tasks

Yes/no (1,0)
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TABLE 40 Coding of intervention content (continued )

Component Coding

13. Use a logical sequence of intervention methods
(e.g. motivation, action-planning, maintenance)

Yes/no (1,0)

Total IMAGE guidance score Possible maximum score of 6 points:

1 point for each yes for items 1, 2, 3 and 5. For item 4,
score 2 points for a high amount of contact, 1 point for a
medium amount

Total NICE guidance score Possible maximum score of 12 points:

IMAGE score (as above but without item 4, which overlaps
with item 7) plus 1 point for each yes for items 6–13

14. Intervention fidelity checking We also coded whether or not the developers used specific
methods to check intervention fidelity (e.g. monitoring the
first four sessions and giving formative feedback)
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Appendix 3 Coding scores for study interventions
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TABLE 41 Coding scores for study interventions

Coding details

Main reference (first author, year)

Absetz,
2009

96
Ackermann,
2008

75
Almeida,
2010

76
Boltri,
2008

77
Costa,
2012

78

Davis-
Smith,
2007

79
Faridi,
2010

62

Gilis-
Januszewska,
2011

69
Janus,
2012

93
Kanaya,
2012

94
Katula,
2011

80
Kramer,
2009

70
Kramer,
2012

81
Kramer,
2012

81

Study name GOAL
trial

DEPLOY KPCO DPP in
faith-based
setting

DEPLAN
Spain

PREDICT DEPLAN
Poland

pMDPS Live Well,
Be Well

HELP-PD GLB
2005–8

GLB
2009
CPC

GLB
2009
TPC

Criteria for coding intervention content

1. Diet and
physical
activity

1 1 1 1 1 1 1 1 1 1 1 1 1 1

2. Established
techniques

1 1 1 1 1 1 1 1 1 1 1 1 1 1

3. Engage social
support

0 1 0 1 1 ✗ 1 1 0 0 1 1 1 1

4. Maximised the
frequency or
number of
contacts

0 2 0 2 1 0 ✗ 2 0 2 2 1 2 2

Number of
contacts
in 1 year (total
number if
different)

6 23 1 16 10 6 ✗ 16 6 19 41 (65) 12 21 21

Number of
physical activity
sessions in
1 year

0 0 0 0 0 0 0 78 0 0 0 0 0 0

5. Self-regulatory
intervention
techniques

1 1 0 1 1 ✗ 0 1 1 1 1 1 1 1

6. Group size
≤ 15

1 1 0 1 1 1 ✗ 1 ✗ ✗ 1 1 1 1

7. Contact time
≥ 16 hours

0 1 0 1 0 0 ✗ 0 0 0 1 0 1 1

8. Person
centred,
empathy-
building
approach

1 0 0 0 1 ✗ 0 1 0 1 0 0 0 0

9. Sessions
spread

0 1 0 0 1 0 ✗ 1 0 1 1 0 1 1

10. Information
provision

1 1 1 1 1 ✗ 1 1 1 1 1 1 1 1

11. Exploration
and
reinforcement
of motivation

1 1 1 1 1 ✗ 0 1 ✗ 0 1 1 1 1

12. Building of
confidence
(self-efficacy)

1 1 0 1 0 ✗ 0 1 ✗ 1 1 1 1 1

13. Logical
sequence of
intervention
methods

1 1 0 1 1 ✗ 0 1 0 1 1 1 1 1

Total NICE score 9 11 4 10 10 3 4 11 4 8 11 9 11 11

NICE score
without
imputation

9 11 4 10 10 ✗ ✗ 11 ✗ ✗ 11 9 11 11

Total IMAGE
score

3 6 2 6 5 2 3 6 3 5 6 5 6 6

IMAGE score
without
imputation

3 6 2 6 5 ✗ ✗ 6 3 5 6 5 6 6

14. Intervention
fidelity
checking

0 1 0 0 0 0 0 0 0 0 1 0 0 0

CPC, carbohydrate reduction and hunger focus post core; DEPLOY, diabetes education and prevention with a lifestyle
intervention offered at the YMCA; FIN-D2D, Programme for the Prevention of Type 2 Diabetes in Finland; GGT, Greater
Green Triangle; GLB, Group Lifestyle Balance; GOAL, Good Ageing in Lahti region; HEED, Help Educate to Eliminate
Diabetes; HELP-PD, Healthy-Living Partnerships to Prevent Diabetes; KPCO, Kaiser Permanente Colorado; pMDPS, Preliminary
Melbourne Diabetes Prevention Study; PREDIAS, Prevention of Diabetes Self-Management Program; PREDICT, Partners
Reducing Effects of Diabetes; SLIM, Study on Lifestyle Intervention and Impaired Glucose Tolerance Maastricht;
TPC, traditional post core.
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Kulzer,
2009

71
Laatikainen,
2012

98
Makrilakis,
2010

73
Mensink,
2003

82
Ockene,
2012

84
Parikh,
2010

85
Payne,
2008

86
Penn,
2009

87
Penn,
2013

95
Ruggerio,
2011

88
Saaristo,
2010

89
Sakane,
2011

90
Yates,
2009

50
Yates,
2009

50

PREDIAS GGT study DEPLAN
Greece

SLIM
study

Lawrence
Latino DPP

Project
HEED

Payne
et al.

86
Penn
et al.

87
Penn
et al.

95
Ruggerio
et al.

88
FIN-D2D Sakane

et al.
90

PREPARE PREPARE +
pedometer

1 1 1 1 1 1 1 1 1 1 1 1 0 0

1 1 ✗ ✗ 1 1 1 1 1 1 1 1 1 1

1 0 ✗ ✗ ✗ 0 0 0 1 1 0 ✗ 0 0

1 0 0 0 2 1 2 1 0 2 1 0 0 0

12 6 6 5 (13) 16 8 13 8 (24) 3 22 8 6 (10) 3 3

0 0 0 52 0 0 24 1 17 0 0 0 0 0

1 1 ✗ ✗ 1 1 1 1 1 1 0 1 1 1

1 1 1 1 ✗ 1 0 1 0 1 1 ✗ 1 1

1 0 0 0 0 0 1 0 1 1 0 0 0 0

1 1 ✗ ✗ 1 1 1 1 0 0 1 ✗ 1 1

1 0 1 1 ✗ 0 1 1 0 1 0 1 0 0

1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 1 ✗ ✗ 1 0 1 1 0 ✗ 1 ✗ 0 0

0 1 ✗ ✗ 1 0 1 1 1 ✗ 1 ✗ 1 1

1 1 ✗ ✗ ✗ 1 1 1 1 1 0 0 1 1

11 9 4 4 7 7 10 10 8 9 7 5 7 7

11 9 ✗ ✗ ✗ 7 10 10 8 ✗ 7 ✗ 7 7

5 3 1 1 5 4 5 4 4 6 3 3 2 2

5 3 ✗ ✗ ✗ 4 5 4 4 6 3 ✗ 2 2

0 0 0 0 0 1 0 0 1 1 0 0 1 1
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Appendix 4 Mean change (baseline to
12 months) in outcomes for body composition
and glycaemic control
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Appendix 5 Mean change (baseline to
12 months) in outcomes for lipids, blood pressure
and incident diabetes
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Appendix 6 Study quality
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TABLE 44 Study quality

Checklist criteria

Main reference (first author, year)

Absetz,
2009

96
Ackermann,
2008

75
Almeida,
2010

76
Boltri,
2008

77
Costa,
2012

78

Davis-
Smith,
2007

79
Faridi,
2010

62

Gilis-
Januszewska,
2011

69
Janus,
2012

93
Kanaya,
2012

94
Katula,
2011

80
Kramer,
2009

70
Kramer,
2012

81

1.1 Source
population
or area well
described

+ ++ + ++ + ++ ++ ++ + ++ + ++ ++

1.2 Eligible
population
or area
representative

++ ++ + + ++ + + + ++ ++ ++ + +

1.3 Selected
participants or
areas
representative

++ ++ ++ + ++ ++ + + ++ + ++ + +

2.1 Allocation:
selection bias
minimised

NA + NR NA + NA + NA ++ ++ ++ NA +

2.2 Interventions
(and
comparisons)
well described
and
appropriate

++ ++ + ++ ++ + + ++ + + ++ ++ ++

2.3 Allocation
concealed

NA NA NA NA − NA NA NA ++ ++ NA NA +

2.4 Participants
and/or
investigators
blinded

NA NA NA NA NA NA NA NA NA NA NA NA NA

2.5 Exposure to
intervention
and
comparison
adequate

NA ++ NR NA NR NA + NA ++ ++ ++ NA ++

2.6 Contamination
acceptably low

NA ++ NR NA ++ NA ++ NA ++ ++ ++ NA ++

2.7 Other
interventions
similar in
groups

NA ++ NR NA ++ NA ++ NA ++ + ++ NA ++

2.8 All participants
accounted
for at study
conclusion

++ + ++ ++ + ++ + ++ + ++ ++ + ++

2.9 Setting reflects
usual UK
practice

++ ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

2.10 Intervention or
control reflects
usual UK
practice

++ ++ ++ ++ ++ ++ ++ ++ + + ++ ++ +

3.1 Outcome
measures
reliable

++ + + + ++ + ++ ++ ++ ++ ++ ++ ++

3.2 Outcome
measures
complete

++ ++ ++ ++ ++ ++ + ++ + + ++ ++ ++

3.3 All important
outcomes
assessed

++ ++ + ++ + ++ + ++ ++ + ++ ++ ++

3.4 Outcomes
relevant

++ ++ NA ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

3.5 Similar follow-
up times in
groups

NA ++ ++ NA ++ NA ++ NA ++ ++ ++ NA ++

3.6 Follow-up time
meaningful

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
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Kulzer,
2009

71
Laatikainen,
2012

98
Ma,
2013

92
Makrilakis,
2010

73
Mensink,
2003

82
Nilsen,
2011

83
Ockene,
2012

84
Parikh,
2010

85
Payne,
2008

86
Penn,
2009

87
Penn,
2013

95
Ruggerio,
2011

88
Saaristo,
2010

89
Sakane,
2011

90
Vermunt,
2011

104
Yates,
2009

50

+ + + ++ ++ + ++ ++ ++ + + ++ + + ++ +

+ + + + + ++ ++ ++ ++ + + ++ ++ + ++ +

+ ++ + + ++ + + ++ + ++ + + + ++ ++ +

++ NA + NA ++ ++ ++ ++ NA ++ NA NA NA + + ++

++ ++ ++ + + + ++ ++ ++ ++ ++ + ++ + + ++

++ NA ++ NA ++ ++ NR NA NA ++ NA NA NA + NA ++

NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

+ NA + NA ++ ++ + ++ NA ++ NA NA NA ++ ++ ++

++ NA ++ NA ++ ++ ++ ++ NA ++ NA NA NA ++ ++ ++

+ NA + NA ++ ++ ++ ++ NA ++ NA NA NA ++ ++ ++

+ + ++ + + ++ ++ + ++ + + ++ NA ++ ++ ++

+ ++ ++ ++ + + ++ ++ + + ++ ++ ++ ++ ++ +

+ ++ + ++ + ++ ++ ++ + + + ++ ++ ++ ++ ++

++ ++ + ++ ++ ++ ++ + ++ ++ + ++ ++ ++ ++ ++

++ ++ ++ + ++ ++ + ++ ++ + + ++ ++ ++ ++ ++

++ ++ ++ ++ ++ ++ ++ ++ ++ + + ++ ++ ++ ++ ++

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

++ NA ++ NA ++ ++ ++ ++ NA ++ NA NA NA ++ ++ ++

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

continued
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TABLE 44 Study quality (continued )

Checklist criteria

Main reference (first author, year)

Absetz,
2009

96
Ackermann,
2008

75
Almeida,
2010

76
Boltri,
2008

77
Costa,
2012

78

Davis-
Smith,
2007

79
Faridi,
2010

62

Gilis-
Januszewska,
2011

69
Janus,
2012

93
Kanaya,
2012

94
Katula,
2011

80
Kramer,
2009

70
Kramer,
2012

81

4.1 Groups similar
at baseline

NA ++ NR NA ++ NA + NA + ++ ++ NA ++

4.2 ITT analysis
conducted

NR + NR ++ ++ ++ + ++ + ++ + ++ ++

4.3 Study
sufficiently
powered

NR NR NR NR ++ NR ++ NR NR ++ ++ ++ ++

4.4 Estimates of
effect size
given or
calculable

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

4.5 Analytical
methods
appropriate

++ ++ ++ + ++ + ++ ++ + + ++ ++ +

4.6 Precision of
intervention
effects given
or calculable

++ ++ ++ + ++ + ++ ++ + ++ + ++ ++

5.1 Study results
internally valid
(i.e. unbiased)

++ ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

5.2 Findings
generalisable
to source
population (i.e.
externally
valid)

++ ++ + + ++ ++ + + ++ ++ ++ + +

+, not clear or not all sources of potential bias addressed; ++, bias minimised; NA, not applicable; NR, not reported.
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Kulzer,
2009

71
Laatikainen,
2012

98
Ma,
2013

92
Makrilakis,
2010

73
Mensink,
2003

82
Nilsen,
2011

83
Ockene,
2012

84
Parikh,
2010

85
Payne,
2008

86
Penn,
2009

87
Penn,
2013

95
Ruggerio,
2011

88
Saaristo,
2010

89
Sakane,
2011

90
Vermunt,
2011

104
Yates,
2009

50

++ NA ++ NA ++ ++ ++ ++ NA ++ NA NA NA ++ ++ ++

++ + ++ + ++ + + ++ ++ ++ + + NR ++ + +

++ + ++ NR + ++ NR NR ++ NR NR NR NR ++ ++ ++

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

+ + ++ ++ ++ + ++ + + + ++ ++ ++ + ++ ++

++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ ++ ++ + ++ ++

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++

+ + + + ++ + ++ ++ ++ + + ++ + + ++ +
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Appendix 7 Invitation letter

<<Name>> 

<<Address>> 

<<Address>> 

<<Postcode>> 

 

Date 

 

Dear 

 

Invitation to screening for prevention of diabetes study 

 

The number of people with diabetes is increasing nationally. Some 

people are at higher risk than others of developing diabetes because of 

certain risk factors such as your age, BMI, family history of diabetes, 

smoking and high blood pressure.  Even if you have no risk factors or 

symptoms you may be at risk of diabetes. 

 

Early detection of diabetes is beneficial because many of the 

complications of diabetes can be prevented or delayed. 

 

Based on your information on our system you have been identified as 

being suitable for participation in a research study looking at prevention 

in people at high risk of diabetes.  This study is being conducted across 

Leicestershire, Rutland and Northamptonshire with GP Practices and the 

Leicestershire Diabetes Research Team.  This study is called Lets 

Prevent. 

 

I am enclosing an Information Sheet giving details of the Let’s Prevent 

Study.  If you would like to participate in the study, please complete and 

sign the enclosed form and return it to the Leicestershire Diabetes 

Research Team in the reply-paid envelope provided.   

 

If you feel that you would like any further information before completing 

the documentation, require the information about the study in another 

DOI: 10.3310/pgfar05020 PROGRAMME GRANTS FOR APPLIED RESEARCH 2017 VOL. 5 NO. 2

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Davies et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

165



language or the use of an interpreter, please call the Let’s Prevent Team 

direct on 0116 258 6439. However, if you do not wish to receive any 

further invitations to participate in this research please let us know by 

completing and detaching the slip at the bottom of this letter. 

 

Yours sincerely 

 

 

[GP] 

 …………………………………………………………………………………

… 

Detach here and send back in freepost envelope 

 

<<Name>>> Contact Number:    

<<EMIS Number>>

<<GP Name>> 

 

I would like to take part in the Let’s Prevent study     
 

I would NOT like to take part in the Let’s Prevent study   
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Appendix 8 Topic guide for telephone interviews

Topic guide for Melton patients attending pre-diabetes mellitus
DESMOND sessions (brief version for telephone interviews)

Pre-course

1. Before you came on the course, did you receive the following information:

l Preparing for pre-diabetes DESMOND?
l A pedometer?

In this booklet did you find the instructions for using the pedometer?

Were you able to read it before the course started?

2. How helpful did you find the booklet?

Probe reasons: in what ways

3. How helpful were the instructions for the use of the pedometer and log book?
4. Did you use the pedometer as instructed in the booklet or not?

Probe: reasons for either response.

5. When you were told that you were at a pre-diabetes stage, how did you feel about that?
6. Did you understand what that meant or not?

After attending the course

7. After attending the course do you feel as if you know more about pre-diabetes than you did before?
8. Do you remember the educators talking about insulin resistance?
9. What do you remember about that? (Ask fluidly and say this is not a test.) Did you know about

that before?
10. I would just like to ask what key message/s you have taken away from these education sessions.
11. After coming on a course like this, people like to make changes to their diet and lifestyle but can find

it difficult.

If you were being very honest with yourself, are you likely to make changes after attending these?

Probe:

l Did you find it helpful with making changes? In what ways?
l Did you find it unhelpful with making changes? In what ways?

12. Can you remember any of the games?

13. Do you remember the following physical activity games?

l Health benefits [e.g. reducing cholesterol and the number of minutes of activity
(30 minutes = improves cholesterol and BP)]
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What was the key message from that game to you?

l Activity continuum (showed activity cards with low and moderate intensity exercises)

What was the key message from that game to you?

l The 45-minute game (showed e.g. minutes of walking, vacuuming for 10 minutes and mowing the
lawn for 10 minutes = 30 minutes)

What was the key message from that game to you?

l Pedometer game (walking at moderate intensity for 10 minutes is equivalent to 1000 steps)

What was the key message from that game to you?

l Are you likely or unlikely to use the pedometer after attending the course? Explore reasons given
see if he/she likely/unlikely to follow guidance.

l Are you likely to make an activity action plan after attending the course? Explore reasons given see
if he/she likely/unlikely to follow guidance.

14. Some people have said that going on a course like this, has helped their confidence in making
changes with their diet and lifestyle.

Do you feel the same way?

If so, what helped you feel this way about your diet?

If so, what helped you feel this way about your lifestyle?

15. If you had a choice, when you were booked onto the course, which of the following would you
have preferred?

l Course delivered with interpreters.
l Course delivered in English only with South Asian food resources.
l Course delivered in English without South Asian food resources.

16. If you had a choice of which of the following would you prefer?

l Two half days.
l Four sessions like these you have attended.

17. How did you find the interpretation, useful or not useful? Why?

18. Did you find having the stickers/images useful or not useful?

19. How useful were the food resources in helping you understand South Asian diets?
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Appendix 9 Topic guides for black and minority
ethnic focus groups

Topic guide for Wesley Hall patients attending pre-diabetes
Diabetes Education and Self-Management for Ongoing and
Newly Diagnosed sessions (focus groups)

Pre-course

1. Before you came onto to the course, what information did you receive?

Prompt:

l Preparing for pre-diabetes DESMOND leaflets.
l A pedometer.
l In this booklet did you find the instructions for using the pedometer?

Probe: Were you able to read it before the course started?

How helpful did you find the information in the leaflets?

2. How helpful were the instructions for the use of the pedometer and log book?
3. Did you use the pedometer as instructed in the booklet or not?

Probe: reasons for either response.

4. Did you understand what being at pre-diabetes meant or not?

After attending the course

5. After attending the course what do you understand about pre-diabetes?

Probe: Anything else?

6. Do you remember the educators talking about insulin resistance?
7. What do you remember about that, (ask fluidly and say this is not a test). Probe: Did you know

about that before?

How helpful was that you?

Food activities

8. Can you remember any of the food activities?

Probe: Which ones?

Why?

Key message you took away for yourself?
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Prompt if not remembered:

l 100 calorie game.
l Oily fats.
l Food continuum.

9. How useful were the food activities in helping you understand South Asian diets?

Probe: Was there anything else that you would have liked to know about that was not covered or was
it covered?

Physical activities

10. Can you remember any of the physical activities that were discussed?

Probe: Which ones can you remember?

11. I am going to take you through each of the physical activity sections that were discussed. With each of
them I would like you tell me what the key messages/learning you have taken away?

l Health benefits [e.g. reducing cholesterol and the number of minutes of activity
(30 minutes = improves cholesterol and BP)].

What was the key message from that game to you?

l Activity continuum (showed activity cards with low- and moderate- intensity exercises).

What was the key message from that game to you?

l The 45-minute game (showed e.g. minutes of walking, vacuuming for 10 minutes and mowing the
lawn for 10 minutes = 30 minutes).

What was the key message from that game to you?

l Pedometer game (walking at moderate intensity for 10 minutes is equivalent to 1000 steps).

What was the key message from that game to you?

l Are you likely or unlikely to use the pedometer after attending the course? Explore reasons given
see if he/she likely/unlikely to follow guidance.

l Are you likely to make an activity action plan after attending the course? Explore reasons given see
if he/she likely/unlikely to follow guidance.

12. If you were being very honest with yourself, are you likely make changes in your diet and lifestyle

after attending these education sessions?

Probe:

l What do you think some of the challenges/barriers will be in making changes?
l Where do you think some of the opportunities are in your lives to make changes?
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13. When you were booked onto the course, would you have liked the choice of going to education

sessions in English without Gujarati interpretation or preferred to have one with Gujarati

interpretation? Probe: Why?
14. How did you find the interpretation, useful or not useful? Why?

Probe: Accuracy and level?

15. Did you find having the stickers/images useful or not useful?

Probe: In what ways, with examples, if they can remember any particular ones?

16. How did you find the educators style of delivery during the education sessions?

Probe: Did you feel that they were open to having questions asked or not?

17. Before you came onto the course, did you know that you were coming to group education sessions?

Probe: How did you feel about that before coming?

How do you feel about it now that you been?

18. DESMOND group education is very different from many other health education courses because
patients are asked for what they think and are involved in the way it’s delivered. In some courses,
patients are simply told about their condition and what they should do.

Which type group education do you prefer and why?

19. Finally, what would you prefer out the following and why?

l Two half days such as 9.30 until 1.30.
l Four half day sessions.

20. Anything else you would like to say?

THANKS SO MUCH FOR YOUR TIME.
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Appendix 10 Black and minority ethnic
topic guides

Topic guide for patients attending the pre-diabetes black and
minority ethnic Diabetes Education and Self-Management for
Ongoing and Newly Diagnosed sessions

1. How did you find the timing of the education sessions?

Probe:

l Were they convenient or inconvenient for you?

2. How did you find the venue for the education sessions?

Probe:

l Was it easy or difficult for you to get to?

3. How did you find the length of sessions?

4. Before you came onto the course, what did you think caused diabetes?

Probe:

l What did you think caused pre-diabetes?

5. When you were told that you were at a pre-diabetes stage, how did you feel about that?

6. Did you understand what that meant or not?

7. What were your reasons for attending the education sessions?

Overall views

8. After attending the course, do you feel as if you know more about pre-diabetes than you did before?

Probe:

l If so, what kind of things?
l If no, is there a reason why?

9. I would just like to ask what key message/s you have taken away from these education sessions.

10. After coming onto a course like this, some people like to make changes to their diet and lifestyle but

can find it difficult.

If you were being very honest with yourself, are you likely to make changes after attending these?
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Probe:

l Did you find it helpful with making changes? In what ways?
l Did you find it unhelpful with making changes? In what ways?

11. How did you find the content of the course, was it difficult or easy to understand?

Probe:

l Any particular aspects?

12. How did you find the speed at which the course was delivered?

Probe:

l Was it too fast or slow for you?
l Why did you feel it was fast/slow/just right?

13. Did you feel that there was too much patient participation or too little patient participation?

14. How did you feel when the educator asked the group for their ideas, experience and questions?

15. Did you feel like you were being tested or did not feel like that at all? (Ask fluidly)
16. After attending the course, do you think you are able to do something about your risk of developing

diabetes or not?

17. Did you feel uncomfortable about anything in the way the course was delivered or did not feel like

that all? (Ask fluidly)

Probe:

l What in particular if anything is mentioned.

18. Did you like being taught in a group or would have preferred one-to-one education sessions?

Probe:

l Was the group the right size?
l Why?

Specific aspects of the course

19. Can you remember the section of the course on how pre-diabetes happens? I am not testing you,
just seeing whether you remember it?

Explain if not remembered.

20. Do you feel it important or not important to have this explained?

Probe:

l Why?

21. Was this something that you wanted to know about or not?

22. Can you remember any of the games?
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I am not testing you, just seeing whether there are some that you remembered.

If no, remind:

l 100-calorie game.
l Physical activity games.
l Types of fat.
l Food continuum.

23. How did you find the 100-calorie game?

Probe:

l What did you learn from that game?

24. How did you find the physical activity games?

Probe:

l What did you learn from that game?

25. How did you find the types of fat game?

Probe:

l What did you learn from that game?

26. Overall how did you find the games?

27. Did you find it a good way to learn for adults to learn or not?

28. Again I am not testing you but can you remember any of the leaflets to help you with

self-management?

Prompt:

l Health profile (traffic lights)
l What am I going to do now?
l Physical exercise

29. Do you think you will look at them again?

Probe:

l Will you show them to anyone else?
l Are you likely to use them?

30. Are you likely or unlikely to use the pedometer?

Probe:

l Do you think you are likely or unlikely to follow the course guidance on recommended amount
of steps?

l Do you think you are likely or unlikely to follow the course guidance on recommended amount
of exercise?
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31. If you knew someone who was recently diagnosed with pre-diabetes, would you recommend them to

come to a pre-diabetes course?

Probe:

l If so, why?
l If not, why?

32. Some people have said that going on a course like this, has helped with their confidence in making

changes with their diet and lifestyle.

Do you feel the same way?

If so, what helped you to feel this way about your diet?

If so, what helped you to feel this way about your lifestyle?
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Appendix 11 Quality development self-reflection
and peer-reflection sheets
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Appendix 12 DESMOND observation sheet and
DESMOND observer tool sheets
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Appendix 13 Topic guide for experience of black
and minority ethnic educator training

Topic guide for educators for pilot training courses for black
and minority ethnic pre-diabetes course

General views about training: the before and after experience

1. When you were asked to take part in the training for the pre-diabetes course, what were your
expectations about how the course would differ from the newly diagnosed course?

Prompt: (e.g. learn about pre-diabetes, style, practice).

2. After completing the training do you feel these expectations were met?

Probe:

l In what ways?

Prompt: curriculum

3. Before you actually took part in the training, how confident were you about being able to deliver a
pre-diabetes course with a 1-day training course?

4. After completing the training day, do you feel there is a need for further training or not?
5. Prior to the training, how confident were you about your knowledge of pre-diabetes?
6. Having attended the training has this increased or stayed the same?

Probe:

l Why and how? (E.g. what part of the training helped, if at all?)

Specific aspects of training

7. Do you feel there is a need for opportunities to practise beyond the days that have decided in
November and December 2007 or not?

8. How did you find the timing of the course?
9. How did you find the level of training? Prompt: easy, difficult or appropriate/just right.

Probe: Why?

10. Do you think the pre-diabetes training differed in any way to the standard DESMOND training course
you have attended?

Probe: In what ways?

l Pleased or unhappy with any aspects, discuss these.

11. What do you think the key messages of a pre-diabetes course for patients?

12. Do you think the content of the curriculum addresses these key messages or not?
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Probe:

l Explore reasons for the response (e.g. specific aspects or generally).

13. Do you feel that you will have enough time to familiarise yourself with the resources or not?

14. In a moment I will take you through specific parts of the training day, can you tell me what you found

useful or not useful and why?

Probe:

l Informative.
l Helpful/unhelpful for delivery.

(a) Development of the pre-diabetes module.
(b) Philosophy and educator behaviour.
(c) Individual and group work exercise to go through the curriculum to make it suitable for patients

with pre-diabetes.
(d) Guided tour through curriculum and key messages.
(e) Preparation for ‘doing it’ for pre-diabetes.
(f) ‘Doing it’- Physical activity- E.

¢ Professional Story C1 V.
¢ Probe:

¢ Do you feel that you will be able to deliver the physical activity game or not?
¢ How well do you feel the game contributes to patient learning objectives?
¢ Why? In what ways?

(g) Reflection, confidence and action planning.

15. This course is going to be delivered to South Asian communities using interpreters, are there any
particular issues that you feel that you would like some help/support/training on or not?

16. Do you think it will be difficult or easy to remember that you will be delivering to pre-diabetes patients
rather than newly diagnosed patients?
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Appendix 14 Topic guide for trainers’ feedback

Topic guide for trainers for pilot training courses for black and
minority ethnic pre-diabetes course

1. Overall, how did you feel the training went?

Probe:

2. Too short or too long?
3. What do you think went worked well, in terms of the individual sessions?
4. Upon reflection which aspects do you think could be improved or revised?
5. Do you think that there is any section/s of the curriculum that educators may need additional

training on?
6. How well do you think the section on physical activity went?
7. How confident do you feel after the training in the educators abilities to deliver this part of the

course effectively?
8. How effective do you think the training was in helping educators to achieve their learning objectives for

each new section of the curriculum?
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Appendix 15 Observation notes and topic guides
after retraining

Observation notes for training

1. Note down timings of each session within training.
2. Narrative of what is going –brief descriptive accounts of each activity.
3. Followed by observation of educators, trainers, interpreters:

i. problems
ii. worked well
iii. as per curriculum.

Topic guide for educators after retraining

1. Overall views.
2. Specific parts of the training:

i. do they address concerns after the first training?

3. Using a summary of the key findings from the last training, for example:

i. more modelling
ii. aims and objectives
iii. more dietary knowledge and information about South Asian foods
iv. more practice with interpreters
v. more working together rather than being split up from interpreters.

4. Different going to training after having run some courses (i.e. is retraining useful?).

Observation notes of pilot courses

1. Times of each session.
2. Numbers attending each course including partners/relatives.
3. Times of BME sessions with/out interpreters differences.
4. Note of some of the questions raised by patients.
5. Briefing and reflection interaction between educators and interpreters.
6. New resources and their inclusion.
7. Response of patients to changes in the physical activity sessions.

Was there any difference/improvement since first set of
training? This underpins all the courses

Topic guide for educators after pilot sessions

1. Overall key differences between last pilot and this one.
2. Specific bits of the curriculum (after establishing which bits with JT) how did they view the changes?
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3. Patient interaction: any issues.
4. Those that did the BME without interpretation – how did they find that?

i. Getting used to working with interpreters.
ii. Getting used to working with specific interpreters.
iii. Are there still any problems/issues?

Overall aim is to find out whether changes have worked or are there any problems?

Suggestions for questions from educators for black and
minority ethnic sessions – received during the formal
feedback sessions

Particularly about changed sessions?

1. Fewer than four sessions?
2. How did they about being a group with mixed language needs?
3. Any particular activities liked?
4. For those who default why? Or those who attend only some?
5. Any changes – things that could be done better?
6. Did the course meet expectations?
7. Did stickers help or not?
8. How do you feel about parking questions?
9. Link between PDM and diabetes – could you detect change?

10. Was it culturally relevant?

i. Food?
ii. Activities?

11. How did you feel attending a course with an interpreter?
12. How was action planning for you? Did it work/successful?

Suggestions for questions from educators for standard
sessions – received during the formal feedback sessions

Particularly about changed sessions?

1. Have you been in a group learning situation before?
2. Did you want to come to a group education session and what are your thoughts after?
3. How are you using the resources – do they need changing? Practical issues?
4. In information easily found?
5. Feedback on educators:

i. Able to be open?
ii. Style?

6. What follow-up would you like?
7. Who rang you and gave you information about the course? Did it influence you?
8. Would you recommend the course to friends?
9. Have patients made any changes?

10. Did they make a plan? Did they stick to it or fall by the wayside? Is plan reviewed and altered?
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11. Have you talked to anyone about your plan?
12. What did you get out it?
13. What did you learn in relation to PDM?
14. What key messages?
15. Were the diet messages clear?
16. Would they prefer 2 half days or 1 full day?

Topic guide for interpreters

1. Dictionary:

i. useful
ii. appropriate translations
iii. how used (e.g. prepared before the session or used as you along)?

2. Pace of interpreting:

i. working in a group education session.
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Appendix 16 Topic guides for telephone
interviews with educators after retraining

1. How did you find the training, overall?
2. Did the training address any concerns that you may have from the first training session?

Probe each of following individually:

l More modelling?
l Aims and objectives of each section clear to you?
l More dietary knowledge and information about South Asian foods?
l More practice with interpreters?
l Working together rather than being split into different group from interpreters?
l Specific parts of the curriculum such as the activity section?

3. How helpful do you think the training was to help you deliver some of the revisions to the curriculum?

Specific parts of the training

1. How helpful were the following in relation to helping you deliver the revised curriculum?

l Reviewing the pre-course materials
l Exploring the changes to the curriculum
l Preparing to model
l Modelling the ‘activity’ section
l Modelling and reflection, professional story and self management plan
l Food continuum
l Planning, what’s next?

Anything else that you would like to discuss?
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Appendix 17 Invitation letter and reply slip

<<Name>> 

<<Address>> 

<<Address>> 

<<Postcode>> 

 

Date 

 

Dear 

 

Invitation to screening for prevention of diabetes study 

 

The number of people with diabetes is increasing nationally. Some 

people are at higher risk than others of developing diabetes because of 

certain risk factors such as your age, BMI, family history of diabetes, 

smoking and high blood pressure.  Even if you have no risk factors or 

symptoms you may be at risk of diabetes. 

 

Early detection of diabetes is beneficial because many of the 

complications of diabetes can be prevented or delayed. 

 

Based on your information on our system you have been identified as 

being suitable for participation in a research study looking at prevention 

in people at high risk of diabetes.  This study is being conducted across 

Leicestershire, Rutland and Northamptonshire with GP Practices and the 

Leicestershire Diabetes Research Team.  This study is called Lets 

Prevent. 

 

I am enclosing an Information Sheet giving details of the Let’s Prevent 

Study.  If you would like to participate in the study, please complete and 

sign the enclosed form and return it to the Leicestershire Diabetes 

Research Team in the reply-paid envelope provided.   

 

If you feel that you would like any further information before completing 

the documentation, require the information about the study in another 
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language or the use of an interpreter, please call the Let’s Prevent Team 

direct on  However, if you do not wish to receive any 

further invitations to participate in this research please let us know by 

completing and detaching the slip at the bottom of this letter. 

 

Yours sincerely 

 

 

[GP] 

 …………………………………………………………………………………

… 

Detach here and send back in freepost envelope 

 

<<Name>>>  Contact Number: 

<<EMIS Number>> 

<<GP Name>> 

 

I would like to take part in the Let’s Prevent study     
 

I would NOT like to take part in the Let’s Prevent study   
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Appendix 18 Patient information sheet

PATIENT INFORMATION SHEET 

 

“Let’s Prevent” - A Diabetes Prevention Study 

 

A randomised Controlled Study for the Prevention of Diabetes using 
Structured Education and Continuous Support Programme for those 
with Pre-diabetes in a multi-ethnic population 
 

Principal Investigators:  Professor Melanie Davies 

     Professor Kamlesh Khunti 

 

 

Can a 6 hour group session that is interactive and enjoyable help 

prevent people at high risk from developing Type 2 diabetes? 

 

This is the question our study is looking to answer.  But we can’t do this alone.  

We need the support of GPs and practice nurses, and even more, we need 

people at risk of developing diabetes who are also interested in finding the 

answer to this question to join us.  In fact, we need over 800 people  - just like 

you ! 

 

If your GP or practice nurse has given you a copy of this leaflet, it means you 

are eligible to join the study, and this is our invitation to you.  

 

Because joining any research study is an important decision, we have put 

together some information to explain why the research is being done and 

what being involved will mean.  Feel free to take your time to read this leaflet.  

You can talk it over with your family or friends, and if anything is not clear, or 

you would like to know more, we have put a name and contact number at the 

end of the leaflet so you can talk directly to us.  

 

So, why is it important to look at ways of preventing Type 2 diabetes? 

Even a few years ago, you might not have been aware of diabetes at all, 

unless you knew someone with this serious condition.  But, now, it’s hard for a 
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week to go by without some mention of diabetes on the news or in 

newspapers and magazines.  This is because so many people currently have 

the condition or are at risk of developing it in the future.  There are about 2.3 

million people in the UK with diabetes, and it’s predicted to rise over the next 

few years.   

 

But what is Type 2 diabetes? 

In a healthy person without diabetes, a part of our body called the pancreas 

produces insulin. This substance enables the glucose energy in the food we 

eat to be used by our body for energy.  In people with Type 2 diabetes, the 

pancreas does not work as well and cannot produce enough insulin to do this.  

As a result, no energy gets into the muscles, and sugar levels in the blood 

become high. People with Type 2 diabetes may have unpleasant symptoms, 

no symptoms at all, or just feel a bit under the weather.  But whatever the 

symptoms, the most important thing to know is that this situation puts people 

at much higher risk of heart disease, stroke, kidney failure, and major 

problems with nerve damage in the eyes and feet.  Because diabetes is 

what’s called a ‘progressive’ disease, once you have it, it doesn’t go away, 

and becomes more serious over time.   

 

Does everyone have the same risk of getting diabetes? 

The fact is that some people are more at risk than others. This is because 

certain factors such as being overweight, having a family history of diabetes 

or heart disease, having a previous history of raised blood sugar 

measurement or diabetes during pregnancy increase the risk of developing 

diabetes later in life. People who eat a high fat diet or have high blood 

pressure or who smoke are also at high risk.  

 

That sounds like bad news!  Is there something we can do to stop 

people developing diabetes?  
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Yes there is!  The good news is that everyone at risk of diabetes can do 

things to keep healthy and slow down or even stop the development of this 

serious disease.  Even better, recent studies have shown that lifestyle 

changes, such as being more active and changing your diet, could be more 

effective than medicines in helping to stop people developing Type 2 

diabetes. But because we don’t yet know which of these ways of treating 

people is best, we need to compare them. 

Why have you invited me? 

Some of the information held by your GP shows that you are one of many 

people in the practice who may be at high risk of developing diabetes, or a 

related condition we call ‘pre-diabetes.  

 

What is Pre-diabetes – I’ve never heard of that before? 

When someone’s blood glucose levels are higher than normal but NOT high 

enough for a diagnosis of diabetes, we say they have Pre-diabetes. You may 

also hear it called Impaired Glucose Tolerance or Impaired Fasting Glucose 

(IGT/IFG), depending on which test was used to detect it. Pre-diabetes is a 

better way of explaining what it means to have higher than normal blood 

glucose levels. It means you are more likely to develop diabetes and may 

already be experiencing some health problems because of it. Just like 

someone with diabetes, if you have Pre-diabetes, you are at higher risk of 

heart disease and/or stroke. And if you are overweight, eating a high fat diet 

or are not very active, you could be increasing your risks. Some people who 

have diabetes in their family have an added risk factor. But, as we said earlier, 

the good news is that there are things you can do to help yourself, and our 

study is about helping us find out which of these are best. 

 

Do I have to take part? 

No! Taking part is entirely up to you, although of course we hope that enough 

people will come forward to help us run the study.  Even if you decide to take 

part now, and change your mind later, you can stop whenever you wish.  And 

whatever decision you make, either now or during the trial (if you decide to 

take part), will not affect the quality of the health care you receive. 
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If I decide to take part, what happens then? 
Firstly, you will be invited to visit the diabetes research team at a local venue 

and this visit will take around 3 hours.  We will ask you to come to this visit 

fasting, however this does not mean than when you arrive you are obliged to 

take part.  When you arrive for this first appointment you will have the chance 

to meet our team and to ask any questions you might have before signing our 

consent form. This means you are now able to have an oral glucose tolerance 

test (OGTT) and participate in the study. 

 

What is an Oral Glucose Tolerance Test (OGTT)? 

An Oral Glucose Tolerance Test (OGTT) involves drinking a sugary drink 

(Lucozade).  You will need to fast from midnight before your test and then 

have your blood sugar levels measured to see how well your body is dealing 

with the sugar intake.  Before you drink the Lucozade we will take blood 

samples from you to check the levels of sugar in your blood. Two hours after 

you have had the Lucozade we will take another blood sample.   Whilst we 

are taking blood samples for your glucose levels we will also take some blood 

to check the amount of fat (cholesterol) in your blood and the health of your 

kidneys and liver. We would also like to take some extra blood samples to 

look at genes and molecules in your blood that may show whether you are at 

higher risk of diabetes.   

 

What are the extra blood tests for? 

In the last few years research has shown that certain molecules in the blood 

are linked to lifestyle and the risk of developing diabetes.  We will measure 

this before, during and after the study to see how amounts of these molecules 

change during the course of the study. We would also like to look at some 

important genes in your blood; however we understand this is a sensitive 

issue and we need to stress that these tests are optional and we have to ask 

for your consent separately for this. We will store the samples in our secure 

freezers for up to 10 years, after which time the samples will be sent to a 

national officially recognised ‘tissue bank’ for future research if they have not 
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already been used. Before we undertake any genetic testing we will 

anonymise the sample which means that the results will not be linked to you 

nor will you be able to receive the results of any such tests. This will not affect 

anything personal to you in the future, such as life assurance. You will not 

own the samples and, when you donate the samples, you are ‘gifting’ them to 

us.  However, at any time you can request for them to be destroyed if they 

have not been used.  If you are happy for us to take and store these extra 

samples then you will have to tick a box on the consent form. 

 

We will ask you to provide a sample of urine so that we can look at the levels 

of molecules (called free radicals) which are linked to diabetes and fruit and 

vegetable intake. We will take a sample of urine at each appointment and 

monitor these levels throughout the study.  

 

Other tests 

In between the two blood tests one of our team will ask you to complete a 

questionnaire about your health, physical activity, eating habits and overall 

well-being. It should take about 30 minutes to complete.  We will also 

measure your height, weight, hips, waist and take your blood pressure.  At 

this visit we will also give you a step counter (pedometer or accelerometer) to 

record how much walking activity you are doing.  We will ask you to wear this 

during waking hours for 7 days and then return the device to us in a pre paid 

envelope.  

 

Depending on which clinic you attend you may also be offered the option of 

having a non-invasive investigation to measure your risk of diabetes. 

 

eZscan: This device involves placing six electrodes on different parts of the 

body to assess changes to your metabolic health.  You will need to stand 

barefoot on two electrodes and place your hands palms down on two 

electrodes. By applying a very small electric charge to the electrodes (less 

than 4 volts), the system is able to measure changes in the sweat glands 

under your skin, which are related to your metabolic health. The test takes 

about 3 minutes and is completely painless, although you may feel a slight 
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tingling sensation. This device has got a CE mark, which means it has been 

cleared for routine use within the UK. The results from the eZscan test will be 

used in conjunction with other tests to monitor your general health during the 

trial.   

 

If this investigation is offered to you, it is important to realise that you are 

under no obligation to undergo either investigation with the eZscan device.  

This decision will not effect your participation in the study or any future patient 

care 

 

What will my results show? 

After this first visit your results will be analysed.  Your results will show one of 

the following: 

 

Your results are normal and you do not have diabetes or pre-diabetes 

Your results show you have diabetes 

Your results show that you have pre-diabetes 

 

What if my results are normal? 

If your results are normal then you and your GP will receive a copy of the 

results of all your tests within 2 weeks of your appointment.  At this point your 

participation in the study comes to an end. 

 

What if my results show I have diabetes? 

To diagnose diabetes we need two results on two separate occasions so this 

means that if your blood glucose levels are in the diabetes range we will call 

you back to have a second oral glucose tolerance test (OGTT).  If this second 

OGTT shows a diabetes results then you will be referred to your GP for 

appropriate treatment.  Because you have diabetes you will not be able to 

participate in this study from this point onwards. 

 

What if my results show I have pre-diabetes? 
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Depending on which GP surgery you attend, you will be entered into one of 

our two study groups. The groups have been randomly selected by computer 

(a bit like tossing a coin), so you cannot choose which group you are in.  

 

Group 1 is what we call the ‘control’ group.  If you are in this group, you will 

receive the usual excellent care for pre-diabetes provided by your GP practice 

and some useful leaflets from us.  

 

Group 2 is the ‘intensive’ group and will receive education sessions and 

continuous support to help you address your risks of developing diabetes. 

During your first visit we will arrange an appointment for a diabetes risk 

education session. At the next visit you and several others like you will be 

seen by two diabetes educators who will deliver an education programme to 

inform you about pre-diabetes and changes you could make to your lifestyle 

to help stop you getting diabetes in the future, such as setting objectives for 

increasing physical activity and varying the food you eat. These will consist of 

either a full day of 6 hours or 2 sessions of 3 hours over two days. You will 

also be informed about the continuous support structure that the research 

team is providing to help you meet these targets. This will include a dedicated 

phone line to speak to a diabetes healthcare professional, the study website, 

a regular newsletter full of supportive information.  During the next 3 years 

you will be in regular contact with a diabetes healthcare professional with a 

wide range of resources to help you.  

 

During the study you may be asked to attend a semi-structured interview with 

a trained researcher to find out your feelings of being at risk of diabetes and 

how you felt during the study. The interviews would take place as a group or 

as a one to one for about an hour, in a private location and would be recorded 

onto audiotape for further analysis.  

 

Regardless of which group you are in, once a year for the next 3 years, we 

will ask you to visit us for an Oral Glucose Tolerance Test (OGTT). This will 

help us keep an eye on your pre-diabetes and your general well-being.  

During these visits we will also take a blood sample from your arm for testing 
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glucose and cholesterol levels in your blood and to monitor your progress In 

total we would like to collect 49ml of blood at each visit, this is the same as 10  

teaspoons. We will also measure your:  

Height 

Weight 

Hip and Waist Measurements 

Blood Pressure 

and ask you to complete a questionnaire at each visit, just as you did when 

you joined the study, and to provide a sample of urine. 

 

What are the side effects of any treatment received when taking part? 

You will not be given any medication for this study. You may suffer slight 

discomfort while the blood samples are being taken from your arm and some 

people do experience bruising after blood samples have been taken.   

 

Will my GP be informed of my results? 

Yes, your family doctor will be informed of all the results of the tests taken at 

the hospitals. 

 

What do I have to do if I want to take part in this study? 

If you decide to take part in the study you will be asked to sign a consent form 

when you come for your first visit to the hospital.  You will be given a copy of 

the patient information sheet and a copy of the signed consent form to keep 

for your own records.  If you need an interpreter to help you when you attend 

for visits at the hospital we can arrange this for you. 

 

What are the possible benefits of taking part? 

We hope that all people in the study will avoid progressing to diabetes.  The 

information we get from this study may help us to prevent future people with 

pre-diabetes or at a high risk from developing the diabetes.    

 
Will I get travelling expenses? 

Parking charges and travelling expenses up to £10 can be reimbursed.   
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What if something goes wrong? 

If you are harmed by taking part in this research project, there are no special 

compensation arrangements.  If you are harmed due to someone’s 

negligence, then you may have grounds for legal action but you may have to 

pay for it.  Regardless of this, if you wish to complain, or have any concerns 

about any aspect of the way you have been approached or treated during the 

course of this study, the normal National Health Service complaints 

mechanisms are available to you. 

 

 

 

 

Will my taking part in this study be kept confidential? 

Absolutely! All information that is collected about you during the course of the 

research will be kept strictly confidential.  All your research data will be sent to  

the co-ordinating centre at the University Hospitals of Leicester NHS Trust 

and any information which leaves the co-ordinating centre will have your 

name and address removed so that you cannot be recognised from it. 

 

What will happen to the results of the research study? 

The results of the study may be published in a professional journal, but you 

will not be identified by name in any publications.  You will be informed about 

the results of the study when it has finished. 

 

Who is organising and funding the research? 

The funding is coming directly from the National Institute for Health Research 

(NIHR). This is part of the governments funding for health research. The study 

is coordinated by the University Hospitals of Leicester and it is being in run in 

several other counties.  

 

Who has reviewed the study? 

All research that involves NHS patients or staff, information from NHS medical 

records or uses NHS premises or facilities must be approved by an NHS 
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Research Ethics Committee before it goes ahead. Approval does not 

guarantee that you will not come to any harm if you take part. However, 

approval means that the committee is satisfied that your rights will be 

respected, that any risks have been reduced to a minimum and balanced 

against possible benefits and that you have been given sufficient information 

on which to make an informed decision 

 

If you would like more information about the study, you can contact the Let’s 

Prevent Team on                         or you can contact us by e mail on 

 

Thank you for taking the time to read this patient information sheet. 
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Appendix 19 Patient invitation letter and oral
glucose tolerance test instructions

<<Title>><<Firstname>><<Surname>> 

<<Address 1st line>> 

<<Address 2nd line>> 

<<Address 3rd line>>  

<<Postcode>> 

 

<<Date>> 

 

Dear Volunteer 

 

Re:   Let’s Prevent Study 

 

I would like to thank you for your interest in the Let’s Prevent study.  An  

appointment has been made for you on the following date.   If for any 

reason you cannot keep the appointment (or if you would like to 

change the date or time) please contact us on                           . 

 

Appointment Date:  

Time:  

Location:  

 

Your appointment will take around 3 hours.  You will need to fast 

overnight for at least 8 hours, so we would ask that no food (including 

chewing gum and mints) be eaten after midnight and only water should 

be drank before your visit.  Although we are asking you to fast this 

does not mean that you are obliged to take part in the study once you 

arrive.     

 

Hot drinks and biscuits will be provided, but could we please ask you to  

bring along your own food and also any medication that you would 

normally take after your breakfast.  We would also like you to bring 

along your NHS number which can be found on your medical card. 
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Due to lack of space within our treatment rooms, could we please ask 

that you do not bring any relatives/friends to your appointment unless 
absolutely necessary. 

 

If you no longer wish to take part in this study or you are unable to 

make this appointment please do not hesitate to contact the Let’s 

Prevent Study Team on  

 

With kind regards 

 

 

 

Diabetes Research Administrator 

 

Please help us to help you by arriving for your appointment on time. 
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Appendix 20 Consent form
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Appendix 21 Patient result letter prediabetes
mellitus: intervention group

«Pat_Title» «Pat_FirstName» «Pat_LastName» 

«Pat_AddressLine1» 

«Pat_AddressLine2» 

«Pat_Town» 

«Pat_County» 

«Pat_Postcode» 

 

Date 

 

Dear «Pat_Title» «Pat_LastName», 

  

Patient ID: «ID_Number» 

Appointment Date: 
«Date_of_Attendance» 

Height. «Height»m 

Weight:  «Weight»kg 

Body Mass Index:  «BMI»kg/m
2 

Waist Circumference: «Pat_Height»cm      

Blood pressure: 

«Systolic»/«Diastolic»mmHg 

Cholesterol (body fats): «TC»mmol/L 

Fasting Glucose: «M_0_Glu»mmol/L 

120 Minute Glucose: «M_120_Glu»mmol/L 

 Normal Values 

 

 

 

Body Mass Index:       Below 25kg/m2 

                                     Below 23kg/m2 if South Asian

Blood Pressure:           Below 140/85mm/Hg 

Cholesterol:                 Below 4mmol/L* 

Fasting Glucose:         Below 6mmol/L 

120 Minute Glucose:   Below 7.8mmol/L 

 

I would like to thank you for taking part in the Lets Prevent study. 

 

I would like to advise you that your glucose tolerance test is out of the normal 

value range (as indicated above).  You do not have diabetes, but you have 

pre-diabetes. This can develop into diabetes in the future.  However, using 

the information from your education programme and personal action plan 

should help you to make the relevant changes to your lifestyle. We will be in 

contact shortly to talk to you about your results and to arrange suitable dates 

for you to come to the education session 
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You will be invited back for a clinical review in 6 months time and then a 

further Glucose Tolerance Test in one year to check your pre-diabetes status.  

If you require any more information please contact the Lets Prevent study 

team on . 

 

Yours sincerely 

 

 

 

Dr  

Research Registrar, Diabetes & Endocrinology 

 

 
*‘the optimal cholesterol level is below 4mmol/L, NICE guidelines indicate below 

<5mmol/L. 
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Appendix 22 Patient results letter prediabetes
mellitus: control group

«Pat_Title» «Pat_FirstName» «Pat_LastName» 

«Pat_AddressLine1» 

«Pat_AddressLine2» 

«Pat_Town» 

«Pat_County» 

«Pat_Postcode» 

 

 

Date 

 

Dear «Pat_Title» «Pat_LastName», 

  

Patient ID: «ID_Number» 

Appointment Date: 
«Date_of_Attendance» 

Height. «Height»m 

Weight:  «Weight»kg 

Body Mass Index:  «BMI»kg/m
2 

Waist Circumference: «Pat_Height»cm      

Blood pressure: 

«Systolic»/«Diastolic»mmHg 

Cholesterol (body fats): «TC»mmol/L 

Fasting Glucose: «M_0_Glu»mmol/L 

120 Minute Glucose: «M_120_Glu»mmol/L 

 Normal Values 

 

 

 

Body Mass Index:       Below 25kg/m2 

                                     Below 23kg/m2 if South Asian

Blood Pressure:          Below 140/85mm/Hg 

Cholesterol:                 Below 4mmol/L* 

Fasting Glucose:         Below 6mmol/L 

120 Minute Glucose:   Below 7.8mmol/L 

 

I would like to thank you for taking part in the Lets Prevent study. 

 

I would like to advise you that your glucose tolerance test is out of the normal 

value range (as indicated above). You do not have diabetes, but you do have 

pre-diabetes.  This can develop into diabetes in the future.  However, this is 

less likely to occur if you can make changes to your lifestyle.  We have 

included an information booklet about Pre-Diabetes.    
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You will be invited back for a clinical review in 6 months time and then a 

further Glucose Tolerance Test in one year to check your pre-diabetes status.  

If you require any more information please contact the Let’s Prevent study 

team on . 

 

Yours sincerely 

 

 

 

 

Dr  

Research Registrar, Diabetes & Endocrinology 

 

 
*‘the optimal cholesterol level is below 4mmol/L, NICE guidelines indicate below 

<5mmol/L. 
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Appendix 23 Results letter to general
practitioner: control group

«GP_Name» 

«PracAddress1» 

«Town1» 

«Postcode1»  
 

Date 

 

Dear «GP_Name», 

 

The following patient attended a voluntary Oral Glucose Tolerance Test for the Let’s 

Prevent Study on «Date_of_Attendance».  The results of the OGTT and general 

health screen are listed below: 

 

Patient ID: «ID_Number» 

 

Patient: «Title» «Forename» «Surname», «Address», «Town», «Postcode». 

   

Date of Birth: «Date_of_Birth» 

 

Height: «Height»m        Weight: «Weight_»kg      BMI: «BMI»kg/m
2 

 

Waist Circumference: «Waist»cm Blood Pressure: 

«AvSystolic»/«AvDiastolic»mmHg 

 

Current smoking status: «Current_smoking_status» If yes, number of cigarettes per 

day «If_current_how_many» 

             

Blood Results: 

Total Cholesterol  Result «TC»mmol/L  

LDL Cholesterol   Result «LDL»mmol/L 

HDL Cholesterol  Result «HDL»mmol/L 

Triglycerides    Result «TG»mmol/L 

Sodium    Result «NA»mmol/L 

Potassium   Result «K»mmol/L  

Urea    Result «Urea»mmol/L 

Creatinine   Result «CR»umol/L 

eGFR     Result «eGFR»mL/min 

HbA1c    Result «HbA1c»% 

Fasting Glucose  Result «M_0_Glu»mmol/L 

120 Minute Glucose  Result «M_120_Glu»mmol/L 
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Liver Function Tests: 

Alanine Transaminase  Result «ALT»iu/L 

Alkaline Phosphatase  Result «ALKP»iu/L 

Total Bilirubin   Result «BIL»umol/L 

Gamma-GT   Result «GGT»iu/L 

 

 

This patient was shown to have pre-diabetes. As your practice has been 

randomised to the control arm of the study, they have been given some routine 

advice and should be followed up according to normal practice guidelines. 

They will be recalled for a further follow up in 6 months. 

 

Yours sincerely 

 

 
 

Dr  

Research Registrar, Diabetes & Endocrinology 
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Appendix 24 Results letter to general
practitioner: intervention arm

«GP_Name» 

«PracAddress1» 

«Town1» 

«Postcode1»  

Date 

 

Dear «GP_Name», 

 

The following patient attended a voluntary Oral Glucose Tolerance Test for the Let’s 

Prevent Study on «Date_of_Attendance».  The results of the OGTT and general 

health screen are listed below: 

 

Patient ID: «ID_Number» 

 

Patient: «Title» «Forename» «Surname», «Address», «Town», «Postcode». 

   

Date of Birth: «Date_of_Birth» 

 

Height: «Height»m        Weight: «Weight_»kg      BMI: «BMI»kg/m
2 

 

Waist Circumference: «Waist»cm  Blood Pressure: 

«AvSystolic»/«AvDiastolic»mmHg 

 

Current smoking status: «Current_smoking_status» If yes, number of cigarettes per 

day «If_current_how_many» 

             

Blood Results: 

Total Cholesterol  Result «TC»mmol/L  

LDL Cholesterol   Result «LDL»mmol/L 

HDL Cholesterol  Result «HDL»mmol/L 

Triglycerides    Result «TG»mmol/L 

Sodium    Result «NA»mmol/L 

Potassium   Result «K»mmol/L  

Urea    Result «Urea»mmol/L 

Creatinine   Result «CR»umol/L 

eGFR     Result «eGFR»mL/min 

HbA1c    Result «HbA1c»% 

Fasting Glucose  Result «M_0_Glu»mmol/L 

120 Minute Glucose  Result «M_120_Glu»mmol/L 

DOI: 10.3310/pgfar05020 PROGRAMME GRANTS FOR APPLIED RESEARCH 2017 VOL. 5 NO. 2

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Davies et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

223



Liver Function Tests: 

Alanine Transaminase  Result «ALT»iu/L 

Alkaline Phosphatase  Result «ALKP»iu/L 

Total Bilirubin   Result «BIL»umol/L 

Gamma-GT   Result «GGT»iu/L 

 

 

This patient was shown to have pre-diabetes.  As your practice has been 

randomised to the Intervention arm of the study, your patient has been invited 

to attend an educational session on lifestyle, diet and exercise. They will be 

recalled for a further follow up in 6 months. 

 

Yours sincerely 

 

Dr  

Research Registrar, Diabetes & Endocrinology 
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Appendix 25 Patient result letter: rescreen

«Pat_Title» «Pat_FirstName» «Pat_LastName» 

«Pat_AddressLine1» 

«Pat_AddressLine2» 

«Pat_Town» 

«Pat_County» 

«Pat_Postcode» 

 

 

Date 

 

Dear «Pat_Title» «Pat_LastName», 

  

Patient ID: «ID_Number» 

Appointment Date: 
«Date_of_Attendance» 

Height. «Height»m 

Weight:  «Weight»kg 

Body Mass Index:  «BMI»kg/m
2 

Waist Circumference: «Pat_Height»cm      

Blood pressure: 

«Systolic»/«Diastolic»mmHg 

Cholesterol (body fats): «TC»mmol/L 

Fasting Glucose: «M_0_Glu»mmol/L 

120 Minute Glucose: «M_120_Glu»mmol/L 

 Normal Values 

 

 

 

Body Mass Index:       Below 25kg/m2 

                                     Below 23kg/m2 if South Asian 

Blood Pressure:          Below 140/85mm/Hg 

Cholesterol:                 Below 4mmol/L* 

Fasting Glucose:         Below 6mmol/L 

120 Minute Glucose:   Below 7.8mmol/L 

 

I would like to thank you for taking part in the Lets Prevent study. 

 

I would like to advise you that your glucose tolerance test out of the normal 

value range (as indicated above) and suggests that you may have diabetes.  

In order that we can confirm this diagnosis we need to repeat the glucose 

tolerance test. 

 

Therefore please can you telephone the Let’s Prevent team on 

         and make a further appointment for a re-screen.   
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Yours sincerely 

 

 

 

 

Dr  

Research Registrar, Diabetes & Endocrinology 

 

 

 
*‘the optimal cholesterol level is below 4mmol/L, NICE guidelines indicate below 

<5mmol/L. 
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Appendix 26 Letter to patient: confirmation of
diabetes mellitus

«Pat_Title» «Pat_FirstName» «Pat_LastName» 

«Pat_AddressLine1» 

«Pat_AddressLine2» 

«Pat_Town» 

«Pat_County» 

«Pat_Postcode» 

 

 

Date 

 

Dear «Pat_Title» «Pat_LastName», 

 

Thank you for attending the Lets Prevent Study to have your repeat glucose 

tolerance test on «ApptDate» .  This test confirms that you do have diabetes (fasting 

glucose of «Fasting_Glucose»mmol/L and 120 minute glucose of 

«M_120M_Glucose»mmol/L).  

 

Results from initial screening session on «ApptDate»: 

Patient ID: «ID_Number» 

Appointment Date: «Date_of_Attendance» 

Height. «Height»m 

Weight:  «Weight»kg 

Body Mass Index:  «BMI»kg/m
2 

Waist Circumference: «Pat_Height»cm      

Blood pressure: «Systolic»/«Diastolic»mmHg 

Cholesterol (body fats): «TC»mmol/L 

Fasting Glucose: «M_0_Glu»mmol/L 

120 Minute Glucose: «M_120_Glu»mmol/L 

 Normal Values 

 

 

 

Body Mass Index:       Below 25kg/m2 

                                     Below 23kg/m2 if South Asian 

Blood Pressure:           Below 140/85mm/Hg 

Cholesterol:                 Below 4mmol/L* 

Fasting Glucose:         Below 6mmol/L 

120 Minute Glucose:   Below 7.8mmol/L 

 

The results of this test have been forwarded to your GP.  Please make an 

appointment to see your GP in the next 2 weeks to discuss your condition in more 

detail. 

 

Yours sincerely 
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Dr  

Research Registrar, Diabetes & Endocrinology 

 

 

 
*‘the optimal cholesterol level is below 4mmol/L, NICE guidelines indicate below 

<5mmol/L. 
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Appendix 27 Results letter to general
practitioner, patient with type 2 diabetes mellitus

«GP_Name» 

«PracAddress1» 

«Town1» 

 
 

Date 

 

Dear «GP_Name», 

 

The following patient attended a voluntary Oral Glucose Tolerance Test for the Let’s 

Prevent Study on «Date_of_Attendance».  The results of the OGTT and general 

health screen are listed below: 

 

Patient ID: «ID_Number» 

 

Patient: «Title» «Forename» «Surname», «Address», «Town», «Postcode». 

   

Date of Birth: «Date_of_Birth» 

 

Height: «Height»m        Weight: «Weight_»kg      BMI: «BMI»kg/m
2 

 

Waist Circumference: «Waist»cm Blood Pressure: 

«AvSystolic»/«AvDiastolic»mmHg 

 

Current smoking status: «Current_smoking_status» If yes, number of cigarettes per 

day «If_current_how_many» 

             

Blood Results: 

Total Cholesterol  Result «TC»mmol/L  

LDL Cholesterol   Result «LDL»mmol/L 

HDL Cholesterol  Result «HDL»mmol/L 

Triglycerides    Result «TG»mmol/L 

Sodium    Result «NA»mmol/L 

Potassium   Result «K»mmol/L  

Urea    Result «Urea»mmol/L 

Creatinine   Result «CR»umol/L 

eGFR     Result «eGFR»mL/min 

HbA1c    Result «HbA1c»% 

Fasting Glucose  Result «M_0_Glu»mmol/L 

120 Minute Glucose  Result «M_120_Glu»mmol/L 
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Liver Function Tests: 

Alanine Transaminase  Result «ALT»iu/L 

Alkaline Phosphatase  Result «ALKP»iu/L 

Total Bilirubin   Result «BIL»umol/L 

Gamma-GT   Result «GGT»iu/L 

Repeat oral glucose tolerance results on «Repeat_Date_of_Attendance»: 

Fasting Glucose  Result «Repeat_0_min_Glu»mmol/L 

120 Minute Glucose   Result «Repeat_120min_Glu»mmol/L 

 
This patient was shown to have diabetes and is therefore not able to participate 

in the Let’s Prevent Study and has been discharged to your care. They have 

advised to book an appointment with you within then next two weeks.  If you 
feel that you need any further information from us at this stage please do not 

hesitate to contact me on                         . 

 
Yours sincerely 

Dr  

Research Registrar, Diabetes & Endocrinology 
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Appendix 28 Baseline case report form

The Let’s Prevent Diabetes Study: 
A study about preventing diabetes

 
 

You will need to have the following things done throughout the morning 

   

Fasting Blood Samples        Blood Pressure                        

 

Health Questionnaire           Weight                                    

 

Hip/Waist Measurements    2-Hour Blood Samples           

 

Height                                        Pedometer Given                    

 

Last Blood Samples Due At: 
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Personal Details 
 
Name: 
 
 
 
Home Address: 
 
  
 
 
 
Postcode:                  
 

Gender:              Male            Female        
 
 
Date of Birth:        / /  
 
 
Contact Telephone Number:    
 
 
GP Name: 
    
 
Practice Number:    
 
 
NHS Number: 

 
 
Screening Venue:            
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Patients must not have any of the following: 
 
Diabetes Yes No 
Housebound Yes No 
Terminal Illness Yes No 
Pregnant or lactating Yes No 
Active Psychotic illness which means patient cannot give informed 
consent 

Yes No 

Be taking part in any other clinical trials: If answered yes, please 
provide name of trial and any prescribed medication below 

Yes No 

 

Blood Tests (venous whole blood) (fasting):  
 
Yellow 2.7ml  (x1)     Yes  No 
 
Brown 4.7ml (x1)      Yes  No 
 
Purple 2.5ml EDTA (x1)    Yes  No  
 
Orange 9ml (for freezer) (x1)   Yes  No 
 (Do not take if not consented for stored samples)  
 

Brown 9ml (for freezer) (x1)   Yes   No   
(Do not take if not consented for stored samples) 
 
 
Red 10ml EDTA (x1)    Yes  No 
 
 
Urine sample collected (x1)    Yes  No 
     
 

OGTT 
 
410mls lucozade: Yes  Time started: _____:_____
 
 
Sample Spinning 
Blood samples spun     Stored in box number/month: _____________ 
      

Hospital location:     _____________ 

Patient ID Number: 
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     2 x Orange Numbers:   
      
     2 x Brown  Numbers: 

 

 
INSTRUCTIONS FOR FREEZER SAMPLES: 
 
Orange samples should be spun and pipetted into 2 x 2ml vials within 30 minutes and then 

transferred to –20°C freezer. Yellow lids 
 
Brown samples should be left to clot for 30 minutes and then spun and pipetted into 2 x 2ml vials and 
then transferred to –20°C freezer. Brown lids 
 
Should be taken to the -80°C freezer at end of screening session. 
 
If patient has not consented for genetics but has consented for stored samples please use a white label on 
top of the coloured lid 
 

 

 
Blood Pressure 
 
Blood pressure 1:  /  mmHg                Heart Rate  

 bpm 
                                    Systolic                Diastolic                                                                 
 
 
Blood pressure 2:  /  mmHg                Heart Rate  

 bpm 
                                   Systolic                Diastolic 
                                                                   
 
Blood pressure 3: / mmHg Heart Rate  

 bpm 
                                    Systolic                Diastolic 
        
Average of  
last two:  /  mmHg 
                                    Systolic                 Diastolic 
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Health Questionnaire 
 
 
Please tick the box that best describes your ethnic origin: 
 
 
WHITE:      CHINESE: 
 
White British     Chinese    
White Irish Any other
Any other white background  
 
MIXED:      BLACK OR BLACK BRITISH: 
 
White and Black Caribbean   Caribbean     
White and Black African    African     
White and Asian     Any other black background  
Any other mixed race   
 
ASIAN OR ASIAN BRITISH: 
 
Indian      
Pakistani     
Bangladeshi     
Any other Asian background  
 

 
 
Which language does the patient most often use?  (Please enter, in order, the 
language the patient most frequently uses)
 
1st language 
_______________________________________________________ 
 
2nd language 
______________________________________________________ 
 
3rd language 
_______________________________________________________ 

Patient ID Number: 
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Smoking Status 
 
 
Non-smoker   Yes     No   
Ex-smoker   Yes    No 
Current smoker  Yes          No 
 
 
 
If Ex-smoker: Year stopped smoking    
 
 
How Many Used to smoke Per Day?   ___________ 
 
 
If Current smoker        
 

How many per day?     ___________ 
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Medical History:  Does the patient have a history of:  
 Date 

(yyyy) 
MI          Yes  No      Unknown     
Heart Valve Disease       Yes  No      Unknown     
Heart Failure        Yes  No      Unknown     
Atrial Fibrillation        Yes  No      Unknown     
Angina         Yes  No      Unknown     
Stroke         Yes  No      Unknown     
Angioplasty/CABG Yes No Unknown 
Leg Angioplasty/bypass        Yes    No      Unknown     
Peripheral Vascular Disease  Yes  No      Unknown     
High Blood Pressure       Yes  No      Unknown     
High Cholesterol        Yes  No      Unknown     
IGT/IFG         Yes  No      Unknown     
Gestational Diabetes       Yes  No      Unknown     
Polycystic Ovary Syndrome  Yes  No      Unknown     
Thyroid Disorder        Yes  No      Unknown     
 
 

 
 

 

 

 

 

 

Any other significant illness/event? 

Patient ID Number: 
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Does the patient currently take any medication? 
 
 

Medication Type 
 

Yes No Unknown Name of 
Medication 

Unknown 

ACE-Inhibitor      
Alpha-Blocker      
ARB       
Beta-Blockers      
Calcium Channel Blockers      
Diuretics/Thiazides      
Aspirin      
Lipid Lowering – Statin      
Lipid Lowering – Fibrate
Steroids      
Please indicate whether steroids are:           Oral         Injected       or Inhaled  
Thyroid/Anti-Thyroid      
Multi-Vitamins       
Vitamin C      
Vitamin D      
 

 

 

 

 

 

 

Family History 
 

 
Number of 1st degree relatives with diabetes (mother, father, brother or sister):                  

 
 
Parent or sibling with diabetes:   Yes  No  Unknown
  
Parent and sibling with diabetes  Yes  No  Unknown 

Any other medication? 
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Do the patient’s 1st degree relatives have a history of: 
 
 
                                                                                                              Age 
Cardiovascular Disease Yes     No      Unknown            
Stroke   Yes     No      Unknown            
High Blood Pressure Yes     No      Unknown            
High Cholesterol  Yes     No      Unknown            
 
 
Blood Tests (120 mins)   
 
Time taken:      :  
 
 
Yellow 1 x 2.7 mls:   Yes No 
 
Red 10 ml EDTA (genetic)  Yes No  
(Do not take if patient has not consented for genetic analysis) 
 
 
Anthropometric Measurements 
 
Height:              :    
 
Weight:         :              
 
Hip Measurement:   
 
Hip Measurement:   
 
 
 
 
 
 
 
 
 
CRF Checked By (Name/Date) ____________________ / /

Additional Comments: 

Patient ID Number: 
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Appendix 29 36-month questionnaire

      Study ID:  

 

       Name:_________________________________ 

 

       Date:       / /  

 

Questionnaire Booklet 
 
Please fill out all the questions contained in this booklet. 

The answers you give are important to us and will be 
treated with the utmost confidentiality 
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Appendix 30 Pedometer log

Pedometer log 
 

Please keep a record of the time you put your pedometer on in the morning 
and the time you take it off at night by filling out this log on a daily basis 

 

Name: 
 
ID: 
 

Day Date Time when the 
pedometer was put on 

in the morning 

Time when 
the 

pedometer 
was taken off 

in the evening 

Example: Friday   15/08/09 7.30 am 10 pm 
    
 

   
 

   
 

   
 

   
 

   
 

   

Day eight 
*Important*: after 7 days please send your 
pedometer and this log sheet back to the research 
team using the prepaid envelope provided 
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Appendix 31 Results tables

Tables adapted from Preventive Medicine, vol. 84, Melanie J Davis, Laura J Gray, Jacqui Troughton,
Alastair Gray, Jaakko Tuomilehto, Azhar Farooqi, Kamlesh Khunti, Thomas Yates, A community based

primary prevention programme for type 2 diabetes integrating identification and lifestyle intervention for
prevention: the Let’s Prevent Diabetes cluster randomized controlled trial, pp. 48–56, 2016, table 3, with
permission from Elsevier.210

Biomedical outcomes

TABLE 45 Coefficient adjusted for baseline value and clustering

Variable

Number of participants Mean change from baseline (SD)

Adjusted coefficient
(95% CI) p-value

Standard
care Intervention

Standard
care Intervention

Fasting glucose (mmol/l)

12 months 385 371 –0.02 (0.59) –0.02 (0.62) 0.001 (–0.10 to 0.10) 0.98

24 months 348 350 0.09 (0.65) 0.02 (0.72) –0.06 (–0.16 to 0.04) 0.27

36 months 327 329 0.16 (0.64) 0.10 (0.76) –0.05 (–0.18 to 0.07) 0.38

Overall 390 381 – – 0.0004 (–0.10 to 0.10) 0.99

2-hour glucose (mmol/l)

12 months 382 367 –1.31 (2.06) –1.27 (2.20) 0.08 (–0.23 to 0.39) 0.61

24 months 337 333 –1.02 (2.35) –1.06 (2.39) –0.07 (–0.37 to 0.22) 0.62

36 months 317 315 –0.71 (2.45) –0.82 (2.41) –0.14 (–0.46 to 0.18) 0.39

Overall 390 374 – – –0.03 (–0.28 to 0.22) 0.83

HbA1c (%)

6 months 396 366 0.01 (0.30) –0.06 (0.25) –0.07 (–0.12 to –0.01) 0.02

12 months 379 361 0.01 (0.32) –0.03 (0.26) –0.04 (–0.10 to 0.02) 0.21

24 months 342 344 0.15 (0.37) 0.04 (0.38) –0.10 (–0.20 to –0.004) 0.04

36 months 328 322 0.01 (0.44) –0.07 (0.39) –0.07 (–0.18 to 0.04) 0.19

Overall 415 393 – – –0.06 (–0.11 to –0.01) 0.03

Total cholesterol (mmol/l)

6 months 396 367 –0.31 (0.81) –0.34 (0.66) –0.06 (–0.18 to 0.05) 0.30

12 months 381 367 –0.23 (0.74) –0.28 (0.73) –0.07 (–0.16 to 0.02) 0.13

24 months 351 352 –0.20 (0.82) –0.20 (0.70) –0.02 (–0.12 to 0.08) 0.69

36 months 330 331 –0.18 (0.90) –0.27 (0.84) –0.11 (–0.23 to 0.02) 0.09

Overall 416 398 – – –0.06 (–0.14 to 0.01) 0.10

HDL cholesterol (mmol/l)

6 months 392 365 –0.06 (0.33) –0.05 (0.40) 0.003 (–0.05 to 0.06) 0.92

12 months 380 364 –0.01 (0.38) –0.01 (0.39) –0.01 (–0.07 to 0.05) 0.86

24 months 345 348 0.01 (0.46) 0.03 (0.46) 0.004 (–0.06 to 0.07) 0.91

36 months 327 328 0.02 (0.46) 0.02 (0.39) –0.02 (–0.08 to 0.05) 0.60

Overall 415 397 – – 0.01 (–0.04 to 0.05) 0.76

continued
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TABLE 45 Coefficient adjusted for baseline value and clustering (continued )

Variable

Number of participants Mean change from baseline (SD)

Adjusted coefficient
(95% CI) p-value

Standard
care Intervention

Standard
care Intervention

LDL cholesterol (mmol/l)

6 months 384 354 –0.36 (0.61) –0.40 (0.61) –0.06 (–0.15 to 0.04) 0.23

12 months 372 349 –0.22 (0.65) –0.29 (0.67) –0.10 (–0.018 to –0.02) 0.02

24 months 336 336 –0.24 (0.73) –0.25 (0.63) –0.02 (–0.09 to 0.05) 0.57

36 months 320 319 –0.24 (0.78) –0.33 (0.70) –0.09 (–0.19 to 0.005) 0.06

Overall 414 397 – – –0.08 (–0.15 to –0.01) 0.03

Triglyceride (mmol/l)

6 months 394 367 0.27 (0.82) 0.24 (0.78) –0.01 (–0.16 to 0.14) 0.89

12 months 381 367 –0.04 (0.67) 0.01 (0.81) 0.05 (–0.05 to 0.15) 0.32

24 months 349 352 0.03 (0.73) –0.02 (0.70) –0.05 (–0.15 to 0.05) 0.31

36 months 328 330 0.02 (0.80) –0.05 (0.76) –0.06 (–0.17 to 0.06) 0.32

Overall 416 397 – – –0.001 (–0.08 to 0.08) 0.99

Body weight (kg)

6 months 400 373 –0.30 (3.67) –0.38 (3.71) –0.10 (–0.72 to 0.51) 0.74

12 months 382 368 0.02 (4.22) –0.19 (4.57) –0.27 (–1.17 to 0.63) 0.56

24 months 335 341 0.33 (4.45) –0.14 (4.77) –0.49 (–1.48 to 0.50) 0.34

36 months 321 321 –0.46 (5.02) –0.59 (4.59) –0.26 (–1.17 to 0.65) 0.58

Overall 413 391 – – –0.10 (–0.85 to 0.66) 0.80

BMI (kg/m2)

6 months 400 373 –0.11 (1.30) –0.13 (1.32) –0.03 (–0.24 to 0.19) 0.81

12 months 381 368 0.01 (1.52) –0.08 (1.72) –0.11 (–0.42 to 0.21) 0.51

24 months 335 341 0.12 (1.57) –0.04 (1.71) –0.14 (–0.50 to 0.21) 0.42

36 months 321 321 –0.17 (1.77) –0.17 (1.66) –0.05 (–0.38 to 0.27) 0.75

Overall 413 391 – – –0.02 (–0.28 to 0.25) 0.91

Waist circumference (cm)

6 months 399 373 –2.15 (5.63) –2.73 (5.93) –0.91 (–2.03 to 0.20) 0.11

12 months 381 369 –2.73 (5.40) –2.53 (5.79) –0.11 (–1.37 to 1.15) 0.87

24 months 332 341 –2.14 (6.03) –2.67 (5.89) –0.82 (–2.03 to 0.40) 0.19

36 months 320 320 –3.13 (6.32) –3.63 (5.80) –0.79 (–1.73 to 0.14) 0.10

Overall 414 391 – – –0.45 (–1.32 to 0.42) 0.31

Systolic BP (mmHg)

6 months 401 373 –9.85 (17.10) –8.64 (17.51) 1.17 (–1.45 to 3.79) 0.38

12 months 382 370 –8.33 (15.65) –7.54 (17.00) 1.22 (–0.85 to 3.30) 0.25

24 months 336 343 –7.11 (15.40) –9.06 (16.10) –1.26 (–3.79 to 1.28) 0.33

36 months 322 325 –8.00 (17.36) –7.57 (16.76) 0.55 (–2.09 to 3.19) 0.68

Overall 414 391 – – 0.81 (–0.97 to 2.60) 0.37

Diastolic BP (mmHg)

6 months 401 373 –3.55 (10.36) –3.65 (10.00) –0.22 (–1.90 to 1.46) 0.80

12 months 382 370 –4.82 (9.64) 4.15 (9.99) 0.80 (–0.66 to 2.26) 0.28
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TABLE 45 Coefficient adjusted for baseline value and clustering (continued )

Variable

Number of participants Mean change from baseline (SD)

Adjusted coefficient
(95% CI) p-value

Standard
care Intervention

Standard
care Intervention

24 months 336 343 –3.69 (9.78) –4.57 (9.21) –0.37 (–1.92 to 1.19) 0.64

36 months 322 325 –2.50 (10.92) –3.52 (9.87) –0.49 (–2.15 to 1.17) 0.56

Overall 414 391 – – 0.24 (–0.82 to 1.30) 0.66

Heart rate (b.p.m.)

6 months 396 372 2.33 (9.84) 1.59 (10.12) –1.31 (–2.90 to 0.28) 0.11

12 months 379 368 0.03 (8.52) –0.12 (9.31) –0.61 (–1.84 to 0.61) 0.33

24 months 335 338 0.53 (9.49) 0.35 (9.79) –0.68 (–2.00 to 0.65) 0.32

36 months 319 323 –0.63 (10.12) –0.70 (9.82) –0.52 (–1.83 to 0.78) 0.43

Overall 413 391 – – –0.66 (–1.58 to 0.27) 0.16

b.p.m., beats per minute.

Ethrisk/Framingham outcomes

TABLE 46 Coefficient and OR adjusted for baseline value and clustering. Calculated only for those of white
European or South Asian ethnicity between the ages of 35 and 75 years

Variable

Number of participants Mean change from baseline (SD)
Adjusted coefficient
(95% CI) p-valueStandard care Intervention Standard care Intervention

CHD 10-year risk

6 months 163 148 –0.01 (0.05) –0.01 (0.04) –0.0002 (–0.01 to 0.01) 0.97

12 months 168 180 –0.01 (0.05) –0.01 (0.04) –0.001 (–0.01 to 0.01) 0.87

24 months 136 153 –0.001 (0.05) –0.01 (0.04) –0.01 (–0.02 to 0.002) 0.12

36 months 119 144 –0.004 (0.05) –0.004 (0.05) 0.004 (–0.007 to 0.01) 0.49

Overall 215 218 – – –0.004 (–0.01 to 0.002) 0.19

CVD-10 year risk

6 months 163 149 –0.03 (0.08) –0.02 (0.08) 0.01 (–0.01 to 0.02) 0.38

12 months 168 180 –0.02 (0.07) –0.02 (0.06) 0.003 (–0.01 to 0.01) 0.64

24 months 136 153 –0.005 (0.08) –0.02 (0.06) –0.01 (–0.03 to 0.001) 0.07

36 months 119 144 –0.01 (0.08) –0.01 (0.07) 0.01 (–0.004 to 0.02) 0.16

Overall 215 218 – – 0.002 (–0.02 to 0.03)a 0.88

Number of participants Number with CVD > 20%

Adjusted OR (95% CI) p-valueStandard care Intervention Standard care Intervention

CVD 10-year risk > 20%

6 months 163 148 56 58 1.22 (0.68 to 2.18) 0.50

12 months 168 180 60 68 0.94 (0.61 to 1.46) 0.78

24 months 136 153 49 59 0.82 (0.45 to 1.52) 0.54

36 months 119 144 44 67 1.34 (0.70 to 2.53) 0.38

a Not adjusted for baseline as unable to converge.

DOI: 10.3310/pgfar05020 PROGRAMME GRANTS FOR APPLIED RESEARCH 2017 VOL. 5 NO. 2

© Queen’s Printer and Controller of HMSO 2017. This work was produced by Davies et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science
Park, Southampton SO16 7NS, UK.

267



Metabolic syndrome outcome

TABLE 47 Odds ratio adjusted for baseline value and clustering

Variable

Number (%) with metabolic syndrome

Adjusted OR (95% CI) p-valueStandard care Intervention

NCEP ATP III Criteria

12 months 263 (60.7) 275 (61.5) 1.05 (0.78 to 1.43) 0.74

24 months 296 (68.4) 286 (64.0) 0.81 (0.60 to 1.09) 0.16

36 months 278 (64.2) 295 (66.0) 1.10 (0.83 to 1.46) 0.52

NCEP ATP III, National Cholesterol Education Program-Adult Treatment Panel III.

Lifestyle outcomes

TABLE 48 Coefficient adjusted for baseline value and clustering

Variable

Number of participants Median (IQR)

Adjusted coefficient
(95% CI) p-value

Standard
care Intervention Standard care Intervention

Illness perception score

6 months 334 300 30 (25–37) 28 (21–36) –1.46 (–3.13 to 0.20) 0.09

12 months 314 311 30 (23–37) 29 (22–35) –2.06 (–4.03 to –0.09) 0.04

24 months 305 299 30 (23–37) 28 (20–36) –2.47 (–4.16 to –0.78) 0.004

36 months 285 275 30 (24–38) 30 (22–37) –1.16 (–2.69 to 0.37) 0.14

Overall 394 373 – – –1.61 (–2.92 to –0.30) 0.02

Quality of life

6 months 316 283 0.92 (0.85–0.96) 0.91 (0.83–0.96) 0.01 (–0.002 to 0.01) 0.15

12 months 313 301 0.91 (0.85–0.96) 0.91 (0.84–0.96) 0.01 (–0.002 to 0.02) 0.13

24 months 266 269 0.91 (0.83–0.96) 0.90 (0.83–0.95) 0.01 (–0.002 to 0.02) 0.12

36 months 250 245 0.89 (0.82–0.95) 0.91 (0.84–0.96) 0.02 (0.01 to 0.03) 0.01

Overall 367 354 – – 0.01 (0.001 to 0.02) 0.03

Anxiety score

6 months 387 360 4 (2–7) 4 (2–7) –0.21 (–0.57 to 0.15) 0.25

12 months 378 368 4 (2–7) 4 (2–7) –0.40 (–0.77 to –0.03) 0.03

24 months 331 340 4 (2–6) 4 (2–6) –0.09 (–0.40 to 0.21) 0.55

36 months 322 322 4 (2–7) 4.5 (2–7) –0.11 (–0.44 to 0.23) 0.53

Overall 407 390 – – –0.28 (–0.54 to –0.02) 0.03

Depression score

6 months 387 360 2 (1–5) 2 (1–5) –0.08 (–0.42 to 0.26) 0.64

12 months 378 368 3 (1–6) 2 (1–5) –0.34 (–0.81 to 0.14) 0.16

24 months 331 340 3 (1–6) 3 (1–5) –0.09 (–0.45 to 0.27) 0.62

36 months 322 322 3 (1–5) 3 (1–5) –0.05 (–0.44 to 0.35) 0.82

Overall 407 390 – – –0.21 (–0.57 to 0.16) 0.27
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TABLE 48 Coefficient adjusted for baseline value and clustering (continued )

Variable

Number of participants Median (IQR)

Adjusted coefficient
(95% CI) p-value

Standard
care Intervention Standard care Intervention

Fibre intake

6 months 171 140 33 (25–40) 33 (24–42.5) –1.69 (–4.68 to 1.29) 0.27

12 months 194 178 31 (25–40) 33 (26–42) 0.97 (–1.27 to 3.21) 0.40

24 months 153 156 34 (26–42) 33 (26–42) –1.64 (–4.68 to 1.39) 0.29

36 months 153 157 33 (24–42) 33 (25–43) 1.53 (–0.94 to 4.00) 0.23

Overall 297 286 – – –1.01 (–3.11 to 1.08) 0.34

Fat intake

6 months 122 111 24 (17–32) 22 (15–29) –1.41 (–4.60 to 1.77) 0.38

12 months 155 129 24 (15–31) 24 (16–31) 0.45 (–2.62 to 3.51) 0.78

24 months 117 107 23 (15–33) 23 (16–33) –0.55 (–4.04 to 2.95) 0.76

36 months 139 105 24 (15–35) 23 (17–30) –3.60 (–7.52 to 0.31) 0.07

Overall 257 228 – – –0.72 (–2.92 to 1.48) 0.52

Unsaturated fat intake

6 months 299 276 10 (9–11) 10 (9–11) 0.18 (–0.11 to 0.48) 0.23

12 months 297 300 10 (8–11) 10 (9–11) 0.32 (0.05 to 0.58) 0.02

24 months 268 270 10 (8–11) 10 (9–11) 0.50 (0.24 to 0.76) < 0.0001

36 months 253 271 9 (8–11) 10 (9–11) 0.38 (0.12 to 0.63)a 0.004

Overall 378 368 – – 0.33 (0.15 to 0.51) < 0.0001

Walking METs

6 months 311 311 693 (99–1584) 693 (132–1980) 87.68 (–254.26 to 429.63) 0.62

12 months 328 326 792 (396–1980) 1188 (396–2772) 200.54 (–90.68 to 491.76) 0.18

24 months 285 307 792 (396–1980) 1188 (495–2772) 143.18 (–133.40 to 419.75) 0.31

36 months 263 283 990 (396–2079) 1188 (462–2310) –20.03 (–287.00 to 246.93) 0.88

Overall 392 379 – – 159.60 (–72.89 to 392.10) 0.18

Moderate METs

6 months 302 303 0 (0–720) 0 (0–960) 123.90 (–189.44 to 437.24) 0.44

12 months 316 318 0 (0–960) 240 (0–1440) 102.18 (–64.53 to 268.88) 0.23

24 months 384 276 0 (0–960) 240 (0–1160) 128.16 (–67.06 to 323.37) 0.20

36 months 263 261 120 (0–1440) 360 (0–1200) 28.65 (–180.84 to 238.14) 0.79

Overall 393 376 – – 144.18 (–25.98 to 314.33) 0.10

Vigorous METs

6 months 313 309 0 (0–960) 0 (0–1440) 154.34 (–174.69 to 483.38) 0.36

12 months 327 335 0 (0–1080) 0 (0–1440) 173.82 (–116.09 to 463.73) 0.24

24 months 287 304 0 (0–960) 0 (0–1440) 214.85 (–95.50 to 525.21) 0.18

36 months 272 279 0 (0–960) 0 (0–1440) –7.14 (–279.77 to 265.49) 0.96

Overall 399 382 – – 160.05 (–52.07 to 372.17) 0.14
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TABLE 48 Coefficient adjusted for baseline value and clustering (continued )

Variable

Number of participants Median (IQR)

Adjusted coefficient
(95% CI) p-value

Standard
care Intervention Standard care Intervention

Total METs

6 months 266 273 1386 (132–3825) 1782 (330–4518) 352.71 (–570.24 to 1275.65) 0.45

12 months 265 280 2079 (693–4425) 2763 (1157.5–5185.5) 447.31 (–220.84 to 1115.46) 0.19

24 months 235 239 1980 (693–4158) 2439 (1039.5–4878) 415.06 (–235.47 to 1064.59) 0.21

36 months 206 220 2102.3 (792–4320) 2365.5 (1049.3–4638) –19.82 (–568.05 to 528.41) 0.94

Overall 368 363 – – 428.37 (–175.19 to 1031.93) 0.16

Sitting time

6 months 284 280 300 (240–420) 300 (180–360) –27.26 (–63.34 to 8.83) 0.14

12 months 293 314 300 (240–480) 300 (180–360) –25.94 (–49.95 to –1.92) 0.03

24 months 266 298 300 (240–420) 240 (180–360) –38.96 (–66.15 to –11.78) 0.01

36 months 258 274 300 (210–420) 300 (180–360) –20.15 (–43.91 to 3.60) 0.10

Overall 372 367 – – –26.29 (–45.26 to –7.32) 0.01

Average steps

6 months 331 313 5764 (4043–7624) 6076 (4321–8251) 591.38 (63.61 to 1119.16) 0.03

12 months 337 302 5579 (3992–7713) 6215 (4364–8414) 551.76 (117.27 to 986.25) 0.01

24 months 287 280 5523 (3800–7816) 5965 (4348–8364) 466.30 (–65.50 to 998.10) 0.09

36 months 252 235 4936 (3633–6659) 5714 (3815–8009) 535.76 (12.71 to 1058.81) 0.05

Hours slept last night

12 months 363 357 7 (6–7) 7 (6–7.5) 0.04 (–0.15 to 0.22) 0.68

24 months 324 325 7 (6–7.5) 7 (6–8) –0.05 (–0.18 to 0.09) 0.51

36 months 314 315 7 (6–7.5) 7 (6–7.5) –0.10 (–0.26 to 0.06) 0.23

Overall 383 372 – – –0.05 (–0.18 to 0.08) 0.47

Average hours asleep in 24 hours

12 months 361 355 7.5 (7–8) 8 (7–8) 0.10 (–0.16 to 0.35) 0.46

24 months 324 323 7.5 (7–8) 8 (7–8) –0.03 (–0.23 to 0.17) 0.77

36 months 312 311 7.5 (7–8) 8 (7–8) 0.11 (–0.06 to 0.27) 0.20

Overall 383 371 – – 0.01 (–0.16 to 0.18) 0.94

a Not adjusted for baseline as unable to converge.

APPENDIX 31

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

270



Appendix 32 Supplementary tables for health
economics calculations

TABLE 49 Costs estimates used by category

Category Cost (£) Note Source

Non-inpatient costs

GP (home) 114 Visit time of 23.4 minutes PSSRU 2012/13221

GP (practice) 45 Average patient contact 11.7 minutes PSSRU 2012/13221

Nurse (practice) 13.40 Hourly cost of £40 with average duration of patient contact
of 15.5 minutes

PSSRU 2012/13221

Nurse (home) 70 £70 per hour of home visiting, with 5.6 patient contacts per day
on average and 69% of an 8-hour day spent on home visits

PSSRU 2012/13221

Other HCW (practice) 13.40 Nurse cost used PSSRU 2012/13221

Other HCW (home) 70 Nurse cost used PSSRU 2012/13221

A&E attendance 114.86 Weighted mean of type 1 attendances not resulting in
admission

NHS reference
costs 2012/13222

Outpatient attendance 108 Weighted mean of all outpatient visits NHS reference
costs 2012/13222

Day hospital visit 692 Day procedure data used NHS reference
costs 2012/13222

Inpatient costs

Admission cost 1758 Elective and non-elective admissions NHS reference
costs 2012/13222

Per bed-day cost 586 NHS reference
costs 2012/13222

Medication costs All costs are weighted means (relative to frequency of national use) of the relevant category,
assuming one tablet/day unless otherwise specified

ACE inhibitor 18.43 PCA 2013223

Alpha blocker 27.42 PCA 2013223

ARB 49.35 PCA 2013223

Beta blocker 22.33 PCA 2013223

CCB 32.78 PCA 2013223

Diuretics 22.07 PCA 2013223

Aspirin 11.09 PCA 2013223

Statins 50.46 PCA 2013223

Fibrates 105.75 PCA 2013223

Thyroid medications 31.50 PCA 2013223

Steroids 240.57 Composite cost of oral and inhaled steroids in a 0.3 : 0.7
ratio (ratio based on within-trial steroid route data available).
For inhaled 1 unit/month assumed. High cost reflects
branded inhaled steroid combination inhalers

PCA 2013223

Other medications PCA 2013223

NSAIDs 28.04 PCA 2013223
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TABLE 49 Costs estimates used by category (continued )

Category Cost (£) Note Source

H1 blockers 17.32 PCA 2013223

H2 blockers 17.04 PCA 2013223

Bisphosphonates 14.01 1 per week use assumed; only alendronate and risedronate
included as no other medications reported

PCA 2013223

Antiplatelet 55.83 Aspirin not included PCA 2013223

Simple analgesics 13.71 Not including NSAIDs. Includes weak opiates [not tramadol
(Tramal, Grünenthal Ltd)]

PCA 2013223

Opiate analgesia 53.31 Includes tramadol PCA 2013223

Gout medications 27.79 PCA 2013223

Benzodiazepines 76.29 PCA 2013223

Calcium 34.13 Calcium supplements prescribed by NHS (e.g. Adcal-D3®

chewable tablets, Biokirch, Germany)
PCA 2013223

PPIs 25.72 PCA 2013223

Antibiotics 2.41 7-day course assumed PCA 2013223

Anticoagulants 26.16 PCA 2013223

Iron supplements 11.56 PCA 2013223

Laxatives 13.76 PCA 2013223

Non-steroid inhalers 12.33 1 unit/month assumed PCA 2013223

Eyedrops 6.60 1 unit/month assumed PCA 2013223

Antidepressants 49.33 PCA 2013223

Antiepileptics 92.38 PCA 2013223

Antipsychotics 150.42 PCA 2013223

Antiarrhythmics 51.49 PCA 2013223

Nasal sprays 22.44 1 unit/month assumed PCA 2013223

Oral contraceptives 30.80 PCA 2013223

Bladder agents 203.67 PCA 2013223

Parkinson’s disease drugs 129.68 PCA 2013223

Triptans 16.45 1 unit/month assumed PCA 2013223

Long-acting nitrates 78.75 PCA 2013223

Short-acting nitrates 12.41 1 unit/month assumed PCA 2013223

Oral hypoglycaemics 18.13 PCA 2013223

Sulfa drugs 107.04 PCA 2013223

Rheumatoid drugs 64.24 PCA 2013223

HRT 75.55 PCA 2013223

Antiemetics 28.26 PCA 2013223

Non-categorised 63.6 Average cost of all above medications excluding biologics.
Medications divided into multiple categories by system and
assigned this cost

PCA 2013223

Anti-TNF biologics 1679 No other biologics reported by patients PCA 2013223

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; H1, histamine
receptor blocker 1; H2, histamine receptor blocker 2; HCW, health-care worker; HRT, hormone-replacement therapy;
NSAID, non-steroidal anti-inflammatory drug; PCA, Prescription Cost Analysis; PPI, proton pump inhibitor; TNF, tumour
necrosis factor.
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TABLE 50 Level of missing data in the within-trial analysis

Variable name

Missing values (%)

Total Intervention Control

Age at trial entry 0 0 0

Male or female 0 0 0

BMI at baseline 0 0 0

15D at baseline 21 20 22

Treatment allocation 0 0 0

Cluster 0 0 0

Smoking status at baseline 0.1 0.2 0

Cholesterol at baseline 0.8 1 0.5

LDL at baseline 3 3 2

HDL at baseline 1 1 1

Creatinine at baseline 0.8 1 0.5

Ethnicity 0 0 0

Atrial fibrillation baseline 1 0 2

PVD baseline 1 0 2

HbA1c at baseline 1 2 0.5

eGFR at baseline 1 1 1

Systolic BP at baseline 0 0 0

Medication at baseline 2 1 3

EQ-5D at 12 months 98 97 99

EQ-5D at 24 months 58 60 55

EQ-5D at 36 months 36 36 33

15D at 12 months 30 33 28

15D at 24 months 40 41 39

15D at 36 months 45 47 43

Non-hospital contacts at 12 months 98 96 99

Non-hospital contacts at 24 months 56 57 55

Non-hospital contacts at 36 months 32 34 30

Hospital admissions at 12 months 98 97 99

Hospital admissions at 24 months 62 62 62

Hospital admissions at 36 months 41 43 39

Medication at 12 months 19 19 19

Medication at 24 months 36 40 32

Medication at 36 months 41 42 40

eGFR, estimated glomerular filtration rate; PVD, peripheral vascular disease.
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Appendix 33 A report of the outcome of the
Walking Away course

Walking Away: Oadby and Wigston Report 

June 2014 
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Walking Away: Oadby and Wigston Report 

June 2014 

 

 

 
 
Executive summary: 

 
Walking Away from Diabetes is a 3.5 hour structured education programme aimed at people who are at risk of diabetes. 
Oadby / Wigston commissioned a pilot to be undertaken with patients being identified at practice level following NHS 
vascular checks. These patients were set a letter from the surgery inviting them to contact a central coordinator to 
book directly onto a course. Over 300 patients have completed the course thus far and this reports provides details of 
outcomes for the first cohort of patients (n=69). 

 
Patients were invited to attend a local course with provision of courses in Oadby and Wigston on a weekly basis. A focus 
group was conducted 4 months into the pilot to evaluate people’s responses to the course itself and to understand more 
readily if people had made changes as a result of taking up the course. 

 
At 6 months post course the first 69 participants were telephoned to self-report on step count following the course. 

 

 
There was a significant (p<0.001) increase in walking activity of 1250 steps /day from baseline to follow 

up when looking at average results across the 69 individuals. 
 
This difference translates to around a 5-6% reduction in the risk of a cardiovascular event 

 

 
53 individuals who increased their walking activity by 20 minutes per day have reduced their risk of 

developing type 2 diabetes by 50-60% 
 

This report contains the outcome data from the focus group conducted, as well as the evaluations following each course 
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Walking Away: Oadby and Wigston Report 

June 2014 

 

 

 
 
Walking Away from Diabetes 

 
• For those at risk of developing Type 2 diabetes 
• 3 hours of structured self management education 
• Delivered by 2 trained Educators 
• In groups of up to 10 participants who may wish to 

bring a partner/friend with them 
• Supported by specially designed resources 
• Deliverable in community venues 

 

 
Content includes: 

 

 
• Thoughts and feelings of the participants 
• Understanding more about diabetes and blood glucose 
• How being at risk can affect long-term health 
• Understanding what factors contribute to being at risk of 

diabetes and cardiovascular disease 
• Reducing risk: 

- Physical activity 
- Healthy eating 

• Planning for the future 

Referral Pathway for Patients: 
 
 
 

Patients identified as being at risk through Risk score / 
blood test/ NHS checks. 

 
 
 

Patient added to QoF register and coded accordingly. Pre- 
diabetes 14o8 or At risk of diabetes R102-1 

 
 
 

All patients on list sent letter and a copy of 
Start Walking Away from Diabetes leaflet 

 
 
 
 
 
 

Patients contact co-coordinator and arranges appointment 
 
 
 

Patient attends local course at either Age UK in Wigston and 
Church Venue in Oadby 

 
 

Baseline measurements recorded which include step count 
 
 
 

Patient send confirmation letter as well as pedometer 
 
 
 

Patients attends course 
 
 
 

6/12 month follow up with phone call to 
patient to record current step count 

 
 
 

REPORT 
 

Report formulated on outcomes to include: 
 

 
• Patient satisfaction 
• Step count improvements 
• Focus group on overall experience conducted and transcribed 
• Statistical analysis of available biomedical outcomes 
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Patient Experience of the Course 
Oadby Church of Immaculate 
Conception: June – Sept 2013 

 

(69 Evaluation forms complete) 
 
 
 
Q1. I was able to get to Walking 
Away Programme easily 
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Q3. I was clear about the key 
messages that were given. 
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Q 4.The Educators  seemed  warm  and friendly  to me.  
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Q8. The Walking Away course has 
relieved my worries about my risk. 
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Q9. I expect it will be easy to me to make the sort of 
changes I learnt about on the Walking Away course 
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Q10. Making the sort of changes I learnt 
about on the Walking Away course will 
be worth the trouble it will take. 
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Patient comments: Oadby 

 
 

“When I went I was not sure what I am going for, 
Walking Away course gave me encouragement, 
Confidence and motivation to be healthy, to 
keep fit and fight with Diabetes, and I definitely 
learnt lots, Thank you for the course” 

 
“An informative and worthwhile course which 
will act as a timely prompt to take suitable 
action and activity to maintain my health” 

 
“I enjoyed the course and found it beneficial 

 

 
Extremely friendly knowledgeable 
trainers - Excellent Thank you” 

 
“A very valuable opportunity to learn and 
share, I feel it is crucial and should be made 
available widely and also more information 
to prevent ever becoming at risk” 

 
“I learnt a lot about this and could be able to 
start making a change in my daily routine” 

 
“I realise it does not take to much 
extra effort to incorporate more activity 
into my life very informative” 

 
“Informative  Guidance, awareness of things to 
consider and to focus on ways to help yourself“ 

“Group session great idea, learn more from others” 

“I felt at ease and welcomed allayed lots 
of myths and replaced with fact” 

 

 
“Certainly made me aware of my 
inadequacies regarding personal activity” 
 
“It as given me more confidence to 
do exercise and other things” 
 
“Thank you for the course it eased a lot 
of my anxieties, hopefully I will be able 
to prevent the onset of diabetes” 
 
“I really enjoyed the session, very informative 
and practical. I recommend to my family 
and friends to attend these sessions” 
 

 
“Very useful information on fat content in foods 
and good and bad cholesterol learnt how body 
functions (affects onset of Diabetes). Good 
advise on how to reduce risk of Diabetes” 
 
“I was unaware of many of the matters raised 
and it should help me to prevent the move 
towards type 2 Diabetes. It is clear that diet 
and activity changes are the key to success 
and the message was clearly presented” 
 
“I thought the course was accessible to variety 
of levels of prior understanding. I found it helpful 
to talk to other people who were surprised 
by their blood sugar results, I was reassured 
that changes I am making should help” 
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Patient Experience of the Course 
Wigston - Age UK: 
June – Sept 2013 

 

(69 Evaluation forms completed) 
 
 
 
Q1. I was able to get to Walking 
Away Programme easily 
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Q2. I felt I was able to keep up with all 
the information that was given. 
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Q3. I was clear about the key 
messages that were given. 
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Q 4.The Educators  seemed  warm  and friendly  to me.  
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Q8. The Walking Away course has 
relieved my worries about my risk. 
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Q9. I expect it will be easy to me to make the sort of 
changes I learnt about on the Walking Away course 
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Q10. Making the sort of changes I learnt 
about on the Walking Away course will 
be worth the trouble it will take. 

 
60% 
 
 
50% 

 
 

40% 
 
 

30% 
 
 

20% 
 
 

10% 
 
 

0% 
Strongly 
Agree 

 
Agree  Uncertain      Disagree  Strongly 

Disagree 

 
Blank 

APPENDIX 33

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

284



Walking Away: Oadby and Wigston Report 

June 2014 

 

 

 
 
Patient comments: Wigston 

 
 

“The course was well prepared and presented. 
It covered any queries anyone my have had, 
I am going away better prepared and able to 
avoid developing this disease, I will be watching 
my diet and exercise more carefully” 

 
“It was thoroughly enjoyable and an eye 
opener, It made me realise that I need 
to spend more time and attention to my 
life style if I want to avoid Diabetes” 

 
“It certainly made me stop and think” 

 

 
“I have had all my questions answered and am 
pleased I was given the opportunity to attend” 

“Excellent course” 
 

 
“I didn’t know I was at risk before I came 
to this meeting but I will take what I have 
learnt on board, Thank you very much” 

“Informative in practical ways, Great” 

“Well presented in a clear manner, 
found it extremely useful and would 
recommend it to others” 
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Focus Group: 

 
 

A Focus Group was conducted with 16 participants 
who attended the Walking Away programme. They 
were asked a series of questions and the following is a 
summary responses to these: 

 
 
 

Can you tell me about how you found 
out that you were ‘at risk’? 

 
• I had a letter from my GP 
• Doctor gave me a test 
• I had a letter from the surgery and I was asked to 

see my nurse 
• I had a long time whilst they were doing tests 

because I was considered to be borderline diabetic 
 
 
 

When you were told you were ‘at 
risk’, what did it mean to you? 

 
• Surprise 
• Shock 
• Frightened 
• I actually didn’t discover I was at risk until I attended 

the Walking Away meeting 
• I now understand more 

 
 
 

When you found out you were ‘at 
risk’, how did you feel? 

 
• Frightened but I also knew that I had the opportunity 

of turning things round 
 
 
 

The Walking Away programme itself 
– tell me a little bit about it 

 

 
• It was really, really good 
• It gives you a balance of information 
• It gives you really clear advice 
• It’s also quite hard-hitting in that you have to do 

something about it 

What made you want to come to the course? 
 

 
• I wanted to gather some information 
• I wanted to really start making a difference in terms 

of my life 
• When you get to see a doctor, you don’t actually 

have much time but on this course it feels like you 
are given all the time in the world. 

• It’s nice to meet people in a similar situation so you 
are not alone with it 

• After the course, I went home and I shared 
this information. 

• There is very little information about diabetes, in fact 
a lot of people still carry myths about the disease 

 
 
 
What did you hope to get out of the programme? 
 

 
• I currently  have a gluten-free and a dairy-free diet 

so I didn’t really want diabetes too 
• I have subsequently lost over a stone in weight and 

feel so much better 
• I really wanted to make a different to my health 
• I wanted to go along and see, I was a little bit 

curious about the whole thing 
 
 
 
What did you like best about the course? 
 

 
• The information, how it was portrayed, how it was 

put across, how it affects you 
• The simple cartoons helped 
• The emphasis on exercise was very clear 
• I think that it needed more on diet, but that was just 

a personal interpretation 
• The more simple language they use, the better, 

because if people don’t understand, then they really 
start losing interest 

• There were hard-hitting  messages in there as well 
which seemed to help 

• The whole idea of the exercise tasks adding up in 
10 minute chunks made a really big difference 
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What didn’t work so well? 

 

 
• The pedometer – it only worked for a whole day 
• It’s very difficult to balance between providing 

pedometers at £15.00  per person versus a cheaper 
pedometer that potentially could go wrong, but 
you get to know in your heart as to what you can 
achieve and you aim then to improve beyond that 

 
 
 
What other things would you like to say about this 
to encourage other people coming on board? 

 
• Try and keep people more aware of the whole problem 
• I wish I’d known earlier, but I do know now which 

means I can turn my life around 
• If other people have managed to improve 

themselves,  then I know I can do it as well 
• It won’t be for me, I do not want diabetes, I do not 

want to store up problems for the future 
• People do need to hear these messages and it might 

be a bit of a shock tactic, but it really does work 
• I have lost a stone since starting Walking Away 
• It’s really been beneficial 
• The GP’s really do need to encourage their patients 

to attend 
• I think there needs to be investment in this.  We 

hear loads of things about stopping smoking etc. 
whereas something like this is quite practical and 
easy to do.  It’s very worthwhile 

• I have really enjoyed it and I am glad I’ve been to it 
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Walking Away Results: 
Oadby and Wigston 

 
 
 
 

• Baseline and follow-up data for the first 69 people through the course 
 

• The was a significant (p < 0.001) increase in walking activity of 1250 steps/day from 

baseline to follow-up when looking at average results for all 69 individuals 
 

• This equates to around an extra 12.5 minutes of walking activity per day 
 

• Difference translates to around a 5-6% reduction in the risk of having a cardiovascular event1 

 
• 53 individuals (77%) increased their activity over baseline. In these 53 individuals: 

 
>  The average increase in walking activity was 1780 steps/day, equivalent 

to around 20 extra minutes of walking activity per day. 
 

>  This level of difference has been associated with a 50-60% reduction in the risk of 
developing type 2 diabetes and a 7-9% reduction in the risk of having a CVD event1-3 

 
 
 
 
 

1. Yates T, Haffner  S, Schulte  P, Thomas  L, Huffman  K, Bales C, Califf  RM, Holman  RR, McMurray JJ, Bethel A, Tuomilehto J, Davies MJ, Kraus 
WE, 2013. Association between change in daily ambulatory activity and cardiovascular events in people with impaired glucose tolerance 
(NAVIGATOR trial): a cohort  analysis.  Lancet  online  first  doi:10.1016/S0140-6736(13)62061-9 

 

2. Yates T, Daves M, Sehmi S, Gorely T, Khunti K, 2011.  The Prediabetes Risk Education and Physical Activity Recommendation and 
Encouragement (PREPARE) programme study: Are improvements in glucose regulation sustained at two years? Diabetic Medicine, 28, 
1268–1271 

 

3. Yates T, Davies M, Gorely T, Bull F, Khunti K, 2009.  Effectiveness of a pragmatic education programme aimed at promoting walking activity 
in individuals with impaired glucose tolerance: a randomized controlled trial. Diabetes Care, 32, 1404-10 
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