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Abstract

Non-pharmacological interventions to reduce the risk of 
diabetes in people with impaired glucose regulation: a 
systematic review and economic evaluation

M Gillett,1 P Royle,2,3 A Snaith,2 G Scotland,4 A Poobalan,2 M Imamura,5 
C Black,2 M Boroujerdi,2 S Jick,6 L Wyness,2,7 P McNamee,4 A Brennan1 
and N Waugh2,3*

1School of Health and Related Research (ScHARR), University of Sheffield, Sheffield, UK
2Department of Public Health, University of Aberdeen, Aberdeen, UK
3Warwick Evidence, University of Warwick, Warwick, UK
4Health Economics Research Unit, University of Aberdeen, Aberdeen, UK
5Health Services Research Unit, University of Aberdeen, Aberdeen, UK
6Boston Collaborative Drug Surveillance Program, Lexington, MA, USA
7British Nutrition Foundation, London, UK

3*Corresponding author

Background: The prevalence of type 2 diabetes mellitus (T2DM) is increasing in the UK 
and worldwide. Before the onset of T2DM, there are two conditions characterised by blood 
glucose levels that are above normal but below the threshold for diabetes. If screening for 
T2DM in introduced, many people with impaired glucose tolerance (IGT) will be found and it 
is necessary to consider how they should be treated. The number would depend on what 
screening test was used and what cut-offs were chosen.
Objective: To review the clinical effectiveness and cost-effectiveness of non-
pharmacological interventions, including diet and physical activity, for the prevention of 
T2DM in people with intermediate hyperglycaemia.
Data sources: Electronic databases, MEDLINE (1996–2011), EMBASE (1980–2011) and all 
sections of The Cochrane Library, were searched for systematic reviews, randomised 
controlled trials (RCTs) and other relevant literature on the effectiveness of diet and/or 
physical activity in preventing, or delaying, progression to T2DM.The databases were also 
searched for studies on the cost-effectiveness of interventions.
Review methods: The review of clinical effectiveness was based mainly on RCTs, which 
were critically appraised. Subjects were people with intermediate hyperglycaemia, mainly 
with IGT. Interventions could be diet alone, physical activity alone, or the combination. For 
cost-effectiveness analysis, we updated the Sheffield economic model of T2DM. Modelling 
based on RCTs may not reflect what happens in routine care so we created a ‘real-life’ 
modelling scenario wherein people would try lifestyle change but switch to metformin after 
1 year if they failed.
Results: Nine RCTs compared lifestyle interventions (predominantly dietary and physical 
activity advice, with regular reinforcement and frequent follow-up) with standard care. The 
primary outcome was progression to diabetes. In most trials, progression was reduced, by 
over half in some trials. The best effects were seen in participants who adhered best to the 
lifestyle changes; a scenario of a trial of lifestyle change but a switch to metformin after 1 
year in those who did not adhere sufficiently appeared to be the most cost-effective option.
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Limitations: Participants in the RCTs were volunteers and their results may have been 
better than in general populations. Even among the volunteers, many did not adhere. Some 
studies were not long enough to show whether the interventions reduced cardiovascular 
mortality as well as diabetes. The main problem is that we know what people should do to 
reduce progression, but not how to persuade most to do it.
Conclusion: In people with IGT, dietary change to ensure weight loss, coupled with 
physical activity, is clinically effective and cost-effective in reducing progression 
to diabetes.
Funding: The National Institute for Health Research Health Technology 
Assessment programme.
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Glossary

Adherence The level of participation achieved in a behavioural regimen once the individual has 
agreed to undertake it.

Aerobic exercise Rhythmic, repeated and continuous movements of the same large muscle 
groups for at least 10 minutes at a time, for example walking, cycling, jogging, swimming.

Attrition The decline in numbers due to dropouts and other losses to follow-up as trials go on.

Intermediate hyperglycaemia A condition in which the level of blood glucose is above normal 
but below the levels at which diabetes is diagnosed.

Resistance exercise Activities that use muscular strength to move a weight against a resistive 
load, for example weightlifting and exercise using weight machines.
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Executive summary

Background

The prevalence of type 2 diabetes mellitus (T2DM) is increasing in the UK and worldwide. It 
is expected that the UK prevalence will increase by about 50% over the next decade. If not well 
managed it can have serious consequences. These include an increase in cardiovascular diseases 
(CVDs), such as heart disease, stroke and peripheral vascular disease, and in small vessel 
(microvascular) disease, which can cause blindness and renal failure. In addition to the human 
costs, such complications place a heavy burden on health-care resources.

Prior to the onset of T2DM, there are two conditions characterised by blood glucose levels that 
are above normal but below the threshold for diabetes. These are impaired fasting glucose (IFG) 
and impaired glucose tolerance (IGT), known collectively as ‘intermediate hyperglycaemia’, 
and identified by measuring blood glucose levels. They are sometimes called ‘pre-diabetes’ but 
this is an unsatisfactory term because not all people with these conditions go on to develop 
diabetes. However, people with pre-diabetes are at increased risk of CVD, especially ischaemic 
heart disease.

Screening for T2DM is currently being considered by the UK Departments of Health. The 
National Screening Committee has recommended that it be done as part of a broader approach 
to reduce CVD. Depending on which screening test was used, and what threshold levels were 
chosen, screening would detect not only those with diabetes, but also a larger group with IGT or 
IFG. Therefore, it is necessary to consider how such patients would be managed.

Objective
To review the clinical effectiveness and cost-effectiveness of non-pharmacological 
treatments, principally diet and physical activity, for the prevention of T2DM in people with 
intermediate hyperglycaemia.

Methods

Clinical effectiveness
Electronic databases were searched for systematic reviews, randomised controlled trials (RCTs) 
and other relevant literature on the effectiveness of diet and/or exercise for IGT or IFG. Searches 
were undertaken up to October 2007. Auto-alerts were kept running, and updating searches were 
carried out in February 2011, and selective ones in January 2012. Some more recent studies have 
been added to the final version.

The review of clinical effectiveness was based primarily on RCTs, which were critically appraised 
for internal and external validity. We also searched for recent systematic reviews and for longer-
term follow-up from the RCTs.



xii Executive summary

Cost-effectiveness
A recent review of screening for T2DM had included a review of five studies on the long-term 
costs and health outcomes associated with delaying or preventing diabetes in high-risk groups. 
Most of these studies concluded that screening and intervention would be cost-effective. We 
therefore searched for more recent studies in order to update the previous review.

Electronic databases were searched for relevant published literature on the cost-effectiveness of 
diet and/or exercise for IGT or IFG, and a critical review was undertaken.

We further developed the Sheffield economic model of T2DM. The model examined the 
cost-effectiveness of preventing or delaying T2DM in people with IGT, including the effects of 
interventions on CVD.

Modelling based on data from the trials may not reflect what would happen in routine care. 
Trials are protocol driven, and patients are supposed to stay on the treatments to which they 
are randomised. In normal care, if an intervention is not working then it should be stopped. We 
therefore created a ‘real-life’ scenario whereby people who did not benefit from lifestyle measures 
(usually because they did not adhere to diet and exercise, and, in particular, did not achieve 
sufficient weight loss) would be switched to alternative treatment, usually metformin.

The cost to the NHS of the implementation of any recommendations on screening and 
intervention would depend on the extent to which those are already provided. We therefore used 
data from the General Practice Research Database (GPRD) to assess the extent to which IGT 
and IFG were diagnosed at present, and how they were managed. We were interested not only in 
interventions to reduce progression to diabetes, but also those to reduce CVD, such as statins.

Results

Number and quality of studies
Nine published RCTs comparing lifestyle interventions (predominantly diet and physical 
activity advice, with regular reinforcement and frequent follow-up) with standard lifestyle 
advice or placebo were identified. They included 5875 people randomised to receive lifestyle 
advice, exercise programmes or combinations thereof. The trials varied in design and quality. 
The primary outcome for the trials was progression to T2DM. Five recent systematic reviews 
were identified.

Summary of benefits and risks
The RCTs compared the effect of non-pharmacological lifestyle interventions with a control 
intervention (usually standard lifestyle advice with non-intensive follow-up) in participants with 
IGT. People who already had diabetes were excluded. Results from separate studies were not 
combined for analysis because of the heterogeneous populations, intensity of intervention and 
duration of follow-up of each intervention. However, progression to diabetes was quantified as 
a risk ratio for each study. In most of the trials, lifestyle interventions reduced progression to 
diabetes (risk ratio range 0.33 to 0.96).

The Diabetes Prevention Program (DPP) from North America (which had higher risk recruits 
than most other trials) reported that the prevalence of diabetes at 3 years was 29% in the control 
group compared with 14% in the lifestyle intervention arm. The Finnish Diabetes Prevention 
Study (DPS) had the longest follow-up, to 7 years, which included the 4 years of intervention 
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and then 3 years of post-intervention follow-up. After 4 years, 4% of the lifestyle group and 7.4% 
of the control group had developed diabetes, roughly a halving of risk. At 7 years, the difference 
had diminished slightly, but the intervention group retained most of the benefit, suggesting that 
4 years of the lifestyle intervention had resulted in a sustained change in lifestyle habits.

The benefits of the lifestyle intervention were greatest in those with the highest compliance and 
who achieved more of the targets (such as weight loss and dietary change). For example, in the 
Finnish study, those who achieved four or five of the five targets had a risk of developing diabetes 
that was only 23% of the figure for those who achieved none.

However, even among the volunteers in the trials, many did not succeed, and others succeeded 
in the short term (such as the first 6 months) but not in the longer term. The key to success is 
sustained lifestyle change, especially weight loss.

Cost-effectiveness
Our aim was to update a previous review in the Health Technology Assessment (HTA) monograph 
[Waugh N, Scotland G, McNamee P, Gillett M, Brennan A, Goyder E, et al. Screening for type 
2 diabetes: literature review and economic modelling. Health Technol Assess 2007;11(17)] on 
screening for diabetes published in 2007. Several new studies were found. One was a further 
analysis by the authors of one of the studies in the screening review, and was set in a North 
American context of multiple providers and funders of care. The study was based on a Markov 
model, using data from the DPP, and concluded that intervention to delay or prevent diabetes 
would be cost-effective. Another was from the Indian DPS; although a good-quality trial, the 
economics of care are very different and not applicable to the UK. It also concluded, as did 
previous studies, that prevention by lifestyle means was cost-effective. Another new study from 
the USA used an entirely different type of model, the Archimedes Diabetes Model, which is based 
on the physiological mechanisms that underlie the development of diabetes and its complications. 
It also used data from the DPP. The authors concluded that the lifestyle intervention would not 
be cost-effective. This analysis assumed that over a 30-year period, the cumulative incidence of 
diabetes would fall by only 11%, from 72% to 61%. This was based on a linear model of diabetes 
incidence over 30 years.

However, our analysis of GPRD data suggested that most of those who were going to progress 
would do so in the first 10 years. That analysis also suggested that most practices were not 
seeking, recording, or intervening in IGT. This suggests that any programme of screening and 
intervention for people with that condition would be starting from a low baseline.

Our modelling assumed that people with IGT would initially be treated with a structured lifestyle 
intervention similar to that in the Finnish trial, but that those who did not comply would be 
switched to metformin after 12 months. Metformin is now a very cheap drug, and reduces the 
risk of progression to diabetes, although not by as much as adherence to lifestyle measures does. 
Applying an early switch to metformin in the non-adherers means that the adherers remaining 
on diet and physical activity will do better than seen in the lifestyle arms of the trials. We 
assumed that the non-adherers to lifestyle modifications will have better adherence to metformin, 
so that they will also do better than if left on the lifestyle interventions.

Using the switching assumption, intervention is highly cost-effective, and, in certain scenarios, 
cost-saving.



xiv Executive summary

Suggested research priorities

There is very good evidence that diet and physical activity changes can reduce the risk of diabetes. 
We know what people should do to reduce the risk of progression to diabetes. However, we do 
not know how best to persuade them to do it. The research most needed is how to persuade 
people at risk to adopt and persevere with lifestyle changes.

Conclusion

In people with IGT, lifestyle change (diet and physical activity) is clinically effective and cost-
effective in reducing progression to diabetes.
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Chapter 1  

Introduction

Introduction

Type 2 diabetes mellitus (T2DM) accounts for roughly 80–90% of all cases of diabetes. The 
prevalence of T2DM is rising both in the UK and worldwide as a result of an ageing population, 
an increasingly sedentary lifestyle across communities, and a rise in the prevalence of obesity.1 
Certain ethnic groups, foremost of which in the UK are South Asians, are at increased risk of 
developing T2DM. The disease is characterised by hyperglycaemia. It has a slow onset, with few 
or no symptoms initially, and is sometimes referred to, mistakenly, as ‘mild diabetes’. However, 
it can lead to complications such as angina, cardiac failure, myocardial infarction (MI), stroke, 
visual loss and renal failure. The TARDIS-2 report published in 2000 estimated that T2DM costs 
the NHS approximately £2B per annum, with an additional £36M spent on related social services 
and private health care. This equates to an annual expenditure of roughly £1738 per patient 
with T2DM.2

Prevalence of diabetes, impaired glucose tolerance and impaired fasting 
glucose in the UK

In 2009 there were estimated to be 2,213,138 people with diabetes in the adult population in 
England, a prevalence of 5.1%.3

The Health Profile of England 2009 reports a prevalence of 5.6% of men and 4.2% of women with 
diabetes in England in 2008.4 Diabetes was flagged as one of the ‘particular challenges’.

Type 2 diabetes mellitus was estimated to account for 92% of all (diagnosed and undiagnosed) 
diabetes. The Yorkshire & Humber Public Health Observatory (YHPHO) provides a very useful 
set of data on diabetes in England. Between 1994 and 2003 the incidence of diabetes doubled 
from 1.8 to 3.3 per 1000 (age standardised) and the diagnosed prevalence doubled.5 However, 
recent data from the Association of Public Health Observatories (APHO) model6 suggest that 
26% of men and 22% of women with diabetes are undiagnosed.

The prevalences of doctor-diagnosed T2DM in England in different age and ethnic groups were 
reported in the Health Survey for England 20047 and are shown in Figures 1 and 2.

A study by Bagust et al. (2002)8 predicts that by 2036 there will be approximately 20% more cases 
of T2DM in the UK than in 2000, as a result of the population ageing and increased levels of 
obesity.8 

The consequences and costs of diabetes
Some key consequences are:

 ■ Life expectancy is reduced. The National Service Framework9 summarised this as being, on 
average, a loss of up to 10 years of life, but it will vary by age and by gender, with females 
losing more than males.5
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 ■ Atherosclerosis – arterial disease, which increases the risk of heart attacks, strokes and 
amputation. The increase is more marked in women. The relative risk (RR) for fatal coronary 
heart disease (CHD) is 50% higher in women with diabetes than it is in men.10

 ■ Mortality rates from CHD are up to five times higher for people with diabetes, and the risk of 
stroke is three times higher.9
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 ■ Nephropathy – disease of the kidneys, which can lead to renal failure requiring dialysis or 
transplantation. Diabetes is a leading cause of renal failure, and the second commonest cause 
of lower-limb amputation.

 ■ Retinopathy – disease of the eye, which can lead to visual loss. Diabetes is the leading cause 
of blindness in people of working age.9

 ■ Neuropathy – damage to the nerves, which cause a range of problems, including loss of 
sensation, neuropathic pain, muscle wasting, and altered blood flow.

 ■ Diabetes is estimated to account for 5% of all NHS expenditure and 9% of hospital costs.5

 ■ The presence of diabetic complications increases the overall NHS spending per patient more 
than fivefold and increases by five the chance of a person needing hospital admission.9 Based 
on TARDIS-2 data, a person in the UK with T2DM incurs average direct costs of > £2000 per 
year, accounting for 4.7% of all NHS expenditure.2

 ■ One in 20 people with diabetes incurs social services costs, and for these people the average 
annual cost was £2450 in 1999.9

Maintenance of blood glucose levels as close to normal as possible slows or prevents the onset 
and progression of eye, kidney and nerve diseases caused by diabetes. The evidence for the link 
between glucose control and arterial disease is less strong, but good control reduces the risk.11–13

The development of type 2 diabetes mellitus

Glucose is the principal energy source for human cells and is derived from three sources: food, 
de novo synthesis in the body, and breakdown of glycogen (a stored form of glucose). Blood 
glucose levels are normally kept within a narrow band, with a maximum of 5.5 mmol/l. Insulin 
and glucagon, hormones secreted by the pancreas, regulate blood glucose levels. Insulin lowers 
the glucose concentration in the blood, and glucagon raises it, in order to maintain a constant 
concentration, despite activities such as eating and exercise.

Overweight and obesity are associated with the phenomenon known as insulin resistance, in 
which higher levels of insulin are required to have the same effects on its target cells. Initially, 
the beta cells in the pancreas produce more insulin, and the blood glucose level is maintained 
within the normal range. However, over time the beta cells cannot cope, some die and insulin 
production falls. By the time people develop T2DM, about half of the beta cell mass has been 
lost.14 Insulin resistance is also associated with an increase in cardiovascular disease (CVD).15

Epidemiology of type 2 diabetes mellitus

Global prevalence of type 2 diabetes mellitus
Based on current estimates, the global prevalence of T2DM will double from 171 million patients 
in 2000 to 334 million patients in 2025. The increase in the number of patients will be most 
pronounced in nations that are currently undergoing socioeconomic development, including 
increasing urbanisation. Global diabetes prevalence estimates from the International Diabetes 
Federation (IDF) suggest that the region with the highest prevalence of diabetes is North 
America at 7.9%, followed by Europe at 7.8%, and the Eastern Mediterranean and Middle East 
at 7%. When absolute numbers of people with diabetes are considered, it is South East Asia and 
the West Pacific that are expected to experience the highest increases in prevalence over the 
coming years.16
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Risk factors for developing diabetes
Age, weight and ethnic group are the three factors that most affect prevalence of T2DM in the 
UK. The Health Survey for England 20047 reported that the prevalence of T2DM increases 
sharply with age (see Figure 2). In the general population (2003 data), the prevalence of T2DM 
in men and women increased from 0.2% and 0.4%, respectively, at age 16–34 years, to 2.2% and 
1.7%, respectively, at age 35–54 years and to 9.3% and 6.9%, respectively, in those aged ≥ 55 years. 
The survey reported that in all but the youngest age groups, the prevalence of T2DM was higher 
in men than in women.

The risk of diabetes is much higher in people of South Asian ethnicity (i.e. from the Indian 
subcontinent: Pakistan, India, Bangladesh, Nepal) (see Figure 1). We deal with their situation in 
greater detail later in Chapter 3.

Lifestyle factors are the main determinants of T2DM but there are strong familial influences:

 ■ In families in which no member has T2DM, the lifetime risk of developing it is 
approximately 10%.

 ■ If one parent is affected then the risk increases threefold (i.e. 30% lifetime risk).
 ■ If a sibling is affected then the risk increases fourfold (i.e. 40% lifetime risk).
 ■ If both parents are affected then the risk increases sevenfold (i.e. 70% chance).
 ■ If an identical twin is affected then the risk increases ninefold (i.e. 90% chance).5

These risks are increased if the affected family member had early onset of T2DM. It is likely that 
the diabetes is preceded by impaired fasting glucose (IFG) and/or impaired glucose tolerance 
(IGT), and that family history could provide opportunities for targeted screening.

Obesity is a strong risk factor. It has been suggested that it is only obesity [body mass index 
(BMI of > 30 kg/m2)] that increases the risk and not overweight (BMI of > 26–29 kg/m2). Jarrett 
(1986),17 reviewing older studies, noted that there was little difference in the risk of diabetes at a 
range of BMIs of < 31 kg/m2. However, recent work shows the take-off to diabetes at lower BMIs18 
[Figure 3, based on data in the study of Ford et al. (1997)18]. It may be that physical activity is less 
now than in previous decades. Jarrett (1986)17 was reviewing studies from the early 1980s.

The National Audit Office suggests that 47% of T2DM cases in England can be attributed to 
obesity.19 The risk of T2DM is almost 13 times greater in obese women than in women of normal 
weight. For men the risk is five times greater.5

Physical activity reduces the risk of developing T2DM. Jeon et al. (2007),20 in a meta-analysis 
of cohort studies, found that the risk of T2DM was 30% lower in those undertaking regular 
moderate-intensity activity than in sedentary people. The reduction in risk associated with 
increased activity levels is independent of BMI. Sui et al. (2007),21 in a study of mortality in older 
American adults, found that fitness was a predictor of mortality, independent of adiposity; they 
also reported that when people were grouped into fitness quintiles (based on time tolerated on 
treadmills), the fittest quintile had a prevalence of diabetes of 12% compared with 25% in the 
least-fit quintile.

Physical activity is dealt with in greater detail later in Chapter 2.

The National Service Framework for Diabetes noted socioeconomic differences in the risks of 
developing T2DM.9 Those in the most deprived fifth of the population are 1.5 times more likely 
than average to have diabetes at any given age.
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Thomas et al. (2007)22 used data from the 1958 British birth cohort to provide an estimate of 
the national prevalence of diabetes risk in mid-life, using glycated haemoglobin (HbA1c) level of 
≥ 5.5% as an indicator for possible subclinical alterations in glucose metabolism, which would 
detect those with IGT as well. The study consisted of 7799 participants born in England, Scotland 
and Wales and currently living in the UK.

The majority of the population (79.3%) had an HbA1c level of < 5.5%; 16.7% had an HbA1c level 
of 5.5–5.9%; 2.0% had an HbA1c level of 6.0–6.9%; and 0.6% had an HbA1c level of ≥ 7.0%. More 
men than women were found in the higher-HbA1c level categories and a highly significant inverse 
socioeconomic gradient was apparent for HbA1c levels of ≥ 5.5%. When looking at regional 
variation in HbA1c levels of ≥ 5.5%, it was found that the east of England had a significantly 
higher prevalence than the rest of the UK (24.3% vs 19.3%) and Scotland had the second highest 
prevalence (22%).

On the basis of these data, the authors suggest that a proportion of people are likely to have 
subclinical elevations in HbA1c level in their mid-40s, and this proportion is greater in some 
socioeconomic groups and geographical regions than in others. These individuals are likely to 
represent the population that has IGT, and at risk of developing T2DM.

Children and adolescents with type 2 diabetes mellitus
A recent alarming development is the emergence of T2DM and glucose intolerance in children 
and adolescents.23 The year 1979 saw the first childhood cases of T2DM reported in Pima 
Indians; however, there are now worldwide reports of children with the disorder. This is thought 
to be associated with the growing problem of childhood obesity over the last 15 years. In 
particular, those ethnic groups at high risk of diabetes have reported a close association between 
the development of diabetes and childhood obesity.24 Other contributing factors should also 
be considered, including genetic susceptibility as a result of variations in, for example, insulin 
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sensitivity. In the UK, reports of children with T2DM have appeared only recently.25 Compared 
with type 1 diabetes mellitus (T1DM), children with T2DM presented later (12.8 years vs 
9.3 years) were usually female, overweight or obese (92% vs 28%) and a large proportion were 
from ethnic minority groups. In common with their adult counterparts, South Asian children 
have an increased risk of T2DM (RR = 13.7) compared with white UK children. It is therefore 
becoming apparent that preventative interventions may also need to be targeted at a younger age 
group than previously thought in order to prevent the progression to diabetes and heart disease 
at a later age.

Treatment of type 2 diabetes mellitus

Treatments for T2DM aim to lower blood glucose and reduce the development of diabetes-
associated secondary complications.26 However, there is usually a progressive deterioration in 
blood glucose control in T2DM, necessitating changes in treatment with time.27 People with 
T2DM are initially advised on lifestyle changes (weight loss, increased physical activity). If the 
lifestyle changes fail to control blood glucose, metformin (especially in overweight patients) 
or sulphonylureas (if metformin is contraindicated or not tolerated, or if the patient is not 
overweight) are considered. When monotherapy with these drugs no longer provides adequate 
glycaemic control, combination therapy is the next step (metformin plus sulphonylurea) but 
it may only be a matter of time before treatment must be intensified (e.g. insulin therapy or 
thiazolidinediones) to adequately control glucose levels. Other types of glucose-lowering drugs, 
such as the glucagon-like peptide analogues and the dipeptidyl peptidase 4 inhibitors, are 
now available.

A full review of the management of T2DM is not relevant here but can be found in the consensus 
statement from the American Diabetes Association (ADA) and the European Association for the 
Study of Diabetes,28 in the National Institute for Health and Clinical Excellence (NICE) Clinical 
Guideline 8729 and the technology assessment report that underpinned the guideline.30

For our purposes, the key points are that these treatments are far from perfect for controlling 
T2DM, and have side effects. Some, such as the sulphonylureas and insulins, cause weight gain, 
which can make glycaemic control more difficult. Others, such as the glitazones, can cause 
heart failure and fractures. Metformin may not be tolerated because of diarrhoea. Good control 
may not be achieved despite combination therapy, even with insulin, especially in overweight 
patients.31–33 The problems with treatment of T2DM reinforce the need to prevent it as far 
as possible.

Epidemiology of impaired glucose regulation

Definitions
Two conditions appear to precede T2DM. The first is IGT, in which fasting glucose is normal but 
there is post-prandial hyperglycaemia. The definition comes from the oral glucose tolerance test 
(OGTT). The second is IFG, when the fasting level is raised but the post-prandial level does not 
reach IGT levels. The normal FPG is currently defined as ≤ 5.5mmol/l.

The World Health Organization (WHO) defines diabetes (Table 1) on the basis of a fasting 
plasma glucose (FPG) level of ≥ 7 mmol/l or a 2-hour level (in an OGTT) of ≥ 11.1 mmol/l.34

Impaired glucose tolerance is defined as an FPG level of < 7 mmol/l and a 2-hour level of 
7.8–11.0 mmol/l.
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Impaired fasting glucose is defined as the range of 6.1–6.9 mmol/l and a 2-hour level of 
< 7.8 mmol/l.

So those with IFG should exclude IGT, but this is not possible if the 2-hour level has not been 
measured, whereas those with IGT can have IFG as well.

These criteria differ from those of the ADA, which defined IFG as starting at 5.6 mmol/l. One 
effect is that a much greater proportion of people with IGT also have IFG. The Danish Inter-99 
study35 found that using the WHO criteria, 25% of those with IGT have IFG compared with 60% 
using the ADA cut-off.

One problem with the WHO criteria is that there is a group of people with FPG levels of 
5.6–6.0 mmol/l – above normal but lower than IFG. The ADA definition tidies up this anomaly.36 
There is reluctance in the WHO to do this. First, the prevalence of IFG would greatly increase. 
In the D.E.S.I.R. study of French men and women aged 30–64 years,37 the prevalence of IFG was 
13% in men and 4% in women using the 6.1 mmol/l cut-off, but would rise to 40% and 16%, 
respectively, using the 5.6 mmol/l cut-off. Second, and more importantly, the risk of progression 
to diabetes is much higher in people with FPG levels of > 6.1 mmol/l (‘old IFG’) than in those 
with FPG levels of between 5.6 and 6.0 mmol/l (‘new IFG’).

Progression to type 2 diabetes mellitus from impaired glucose tolerance or 
impaired fasting glucose

Impaired glucose tolerance and IFG have been called ‘pre-diabetes’ but the term is unsatisfactory 
because not all people with the two conditions go on to develop diabetes. The proportions of 
people who progress to diabetes vary among different studies in different populations (Table 2).38 
The 2005 Agency for Healthcare Research and Quality (AHRQ) report on the diagnosis, 

TABLE 1 World Health Organization plasma glucose levels (mmol/l) and diagnostic categories

Category Fasting Two-hour OGTT

Normal ≤ 6.0 < 7.8

IFG 6.1–6.9 < 7.8

IGT < 7.0 7.8–11.0

Both IFG and IGT 6.1–6.9 7.8–11.0

Diabetes ≥ 7.0 ≥ 11.1

TABLE 2 Risks of progression to diabetes according to FPG levels

IFG status

Incidence of diabetes per 1000 person-years

Glucose level (mmol/l)

Age (years)

30–44 45–54 55–64

Men

Normal < 5.6 2.3 1.7 1.1

New IFG 5.6–6.0 4.9 8.5 11.5

Old IFG 6.1–6.9 24.7 38.9 63.9

Women

Normal < 5.6 0.4 1.4 0.7

New IFG 5.6–6.0 5.5 7.0 5.9

Old IFG 6.1–6.9 35.7 52.3 66.7
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prognosis and treatment of IGT and IFG concluded that with regard to prognosis of patients 
following evaluation of a number of trials that reported relevant outcomes:

There is consistent evidence that IFG and IGT are both risk factors for the development 
of diabetes mellitus. The pooled RR for new DM is 6.02 [95% confidence interval (CI) 
4.66 to 7.38] in people with IGT, 4.70 (95% CI 2.71 to 6.70) in people with IFG, and 
12.21 (95% CI 4.32 to 20.10) in people with both disorders.

The D.E.S.I.R. study37,39 examined the risks of progression to diabetes from different 
baseline levels.

Progression from impaired fasting glucose to diabetes
The effect of different cut-points for IFG on diabetes incidence was examined in the Ely study40 
from 1990–2000, a population-based longitudinal study. At baseline there were 1040 non-
diabetic adults (defined by OGTT criteria) aged 40–69 years. Baseline glucose status was defined 
as normoglycaemia < 5.6 mmol/l, IFG-lower 5.6–6.0 mmol/l and IFG-original 6.1–6.9 mmol/l. 
The all-IFG group included fasting glucose values of 5.6–6.9 mmol/l. Median follow-up time was 
10 years. The incidence rate was 7.3 (95% CI 5.7 to 9.4) per 1000 person-years of follow-up. The 
annual incidence of diabetes was 0.6%.

Forouhi et al. (2007)40 reported the progression rates in the Ely study by baseline FPG category as:

 ■ from normal glucose tolerance (NGT) (FPG < 5.6 mmol/l): 2.4 per 1000 person-years
 ■ for those in the 5.6–6.0mmol/l range (the ‘new IFG’ suggested by the ADA): 6.2 per 1000 

person-years
 ■ for original IFG (6.1–6.9 mmol/l): 17.5 per 1000 person-years.

Cumulative incidence also increased by age at baseline:

 ■ 40–49 years: 5.5 per 1000 person-years
 ■ 50–59 years: 7.6 per 1000 person-years
 ■ 60+ years: 9.5 per 1000 person-years.

However, rates by BMI were not reported. The three categories of baseline glucose tolerance had 
different BMIs: 24.8 kg/m2, 25.8 kg/m2 and 27.8 kg/m2, respectively.

Most people with IFG at baseline regressed to NGT – 83% of those with new IFG and 56% of 
those with original IFG. The rate of progression was lower in IFG than IGT. Those with both IFG 
and IGT had higher incidence.

In the Finnish MONICA study,41 the following risks of developing diabetes after 10 years’ 
follow-up were reported:

 ■ low NGT (FPG < 4.9 mmol/l): 2.4 per 1000 person-years
 ■ middle NGT (FPG 4.9–5.3 mmol/l): 2.5 per 1000 person-years
 ■ high NGT (FPG 5.4–6.0 mmol/l, equivalent to the ADA’s new IFG): 4.5 per 1000 

person-years
 ■ IFG (FPG 6.1–6.9 mmol/l): 15.5 per 1000 person-years.

In the Danish arm of the ADDITION study,42 the progression rate (after 1 year of follow-up) 
from IFG (FBG 5.6–6.0 mmol/l) was 17.6 per 100 person-years. So there seems to be consistency 
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among these three European studies of a low progression rate from isolated IFG to diabetes of 
about 17 per 1000 person-years, or about 2% a year.

In the USA, Nichols et al. (2007)43 compared rates of progression with diabetes in people with 
‘old IFG’ (FPG 6.1–6.9 mmol/l) and ‘new IFG’ (FPG 5.5–6.0 mmol/l), although they called these 
‘original IFG’ and ‘added IFG’. A total of 5.6% of original IFG subjects progressed to diabetes each 
year, compared with 1.3% of added IFG. During follow-up, ranging among subjects from 2 to 
11 years, 8% of those with added IFG and 24% of those with original IFG became diabetic.

Progression from impaired glucose tolerance to diabetes
In the Finnish MONICA study,41 at 10 years of follow-up the progression rate from isolated IGT 
was 14.7 per 1000 person-years, but for those with both IGT and IFG, it was 50 per 1000 person-
years. BMI for the IGT group was about 29 kg/m2 for both sexes, lower than in the Finnish 
Diabetes Prevention Study (DPS) (see Chapter 4).

In the UK, the Ely study40 of 170 people with IGT reported that after 4.5 years, 10% progressed 
to diabetes, 33% remained with IGT and 56.5% regressed to NGT, and in Bedford44 only 16% of 
those with IGT developed diabetes after 10 years.

In the Danish arm of the ADDITION study,42 the progression rate from IGT to diabetes in the 
first year was 18.9 per 100 person-years. It was 12 per 100 person-years for isolated IGT and 28 
per 100 person-years for those with IGT and IFG. Overall, 13% developed diabetes within 1 year. 
BMI was 29.5 kg/m2.42

In a study by Little et al. (1994)45 in Pima Indians, 39% progressed from IGT to diabetes after a 
mean follow-up of 3.3 years, but the proportion developing diabetes was much higher in those 
with a raised baseline HbA1c level (13 out of 19; 68%) than in those with a normal baseline HbA1c 
level (13 out of 47; 28%). The upper limit of normal HbA1c level was taken to be 6%.

Edelstein et al. (1997)46 reviewed progression rates from six studies: Baltimore, Rancho Bernardo, 
San Antonio, Nauru, San Luis Valley and Pima Indians. IGT was defined as FPG of < 7.8 and 
2-hour glucose levels of 7.8–11 mmol/l. The old fasting threshold of 7.8 was used for diagnosing 
diabetes. The overall progression rate to diabetes was 57 per 1000 person-years, but it varied 
considerably, from 36 per 1000 person-years in the Baltimore study to 87 per 1000 person-years 
among the Pima Indians. This variation reflected BMI of 26 kg/m2 in the Baltimore study and 
33 kg/m2 among the Pima Indians. Predictors of progression included higher baseline fasting 
(> 6.1 mmol/l) and 2-hour glucose levels, waist circumference (WC), waist–hip ratio and obesity. 
Family history was not a predictor of progression.

Older studies often state that patients had IGT, and may not give details on proportions that 
also have IFG. The AHRQ Evidence Report38 reviewed a large number of studies (including 
some mentioned above, such as Pima Indians and Naurans) and summarised progression rates 
as follows:

 ■ isolated IGT: 1.8–34 per 100 person-years
 ■ isolated IFG: 1.6–23
 ■ both IGT and IFG: 10–15.

The D.E.S.I.R. study47 also found that progression was commoner in those with both IGT 
and IFG. That study also found that, among those with IFG, progression correlated strongly 
with HbA1c level, as did the report from Yoshinaga and Kosaka (1996),48 which found that the 
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proportions of people with IGT progressing to diabetes ranged from 10% in those with HbA1c 
levels of < 6.4% to 23% in those with HbA1c levels of 6.4–6.7% and 53% in those with HbA1c levels 
of ≥ 6.8%.

So we have a wide range of progression rates from IGT to diabetes.

Among the studies, several factors increase the risk of progression: older age (although not 
consistently), IFG and higher baseline FPG, HbA1c level and BMI. Edelstein et al. (1997),46 in 
the pooled studies, found that every increase of 4 kg/m2 in BMI increased the risk of diabetes by 
1.13. So an increase from overweight at BMI 26 kg/m2 to obese at BMI 30 kg/m2 would increase 
the prevalence of diabetes by 13%. The presence of IFG (defined then as FPG 6.1 to 7.7 mmol/l) 
increased the progression rate to 55% compared with 35% in those with FPG levels of between 
5.6 and 6.0 mmol/l (calculated from figures in table 4 in Edelstein et al.).46

Supporting data on the impact of obesity on diabetes come from another source, the results after 
bariatric surgery. The Swedish Obesity Surgery Study49 reported that large amounts of weight loss 
were associated with resolution of diabetes. At 10 years, 7% of the surgical and 24% of the control 
groups had diabetes.

More recently, Dixon et al. (2008)50 from Australia reported that weight loss after gastric banding 
in people with T2DM led to almost 21% weight loss, with remission of diabetes in 73% of the 
banded group.

If impaired glucose regulation can be successfully treated and the risk of progression to diabetes 
prevented, it would also be of interest to know whether the increased cardiovascular risk in 
those with IGT and, to a lesser extent, IFG51 may also be improved by non-pharmacological 
intervention. Studies have reported that the prevalence of CVD,52,53 as well as CVD-related deaths 
and all-cause mortality,54,55 are higher in those with IGT than in those with NGT. Furthermore, 
an analysis of 6766 subjects from five Finnish cohorts reported that the incidence of CHD and 
CVD mortality in IGT was similar to that for newly diagnosed diabetes. Clearly, one of the goals 
of treating people with IGT would not only be to prevent progression to diabetes, but also to 
improve their cardiovascular risk profile. The 2005 AHRQ report38 on the diagnosis, prognosis 
and treatment of IGT and IFG concluded that:

They [IGT and IFG] are also both risk factors for fatal and non-fatal cardiovascular 
outcomes; however, the evidence is less consistent for these outcomes. The pooled RR 
ranged from 1.48 to 1.66 for CVD mortality and all-cause mortality in people with IGT, 
and from 1.19 to 1.28 for nonfatal MI, nonfatal CVD, CVD mortality and all-cause 
mortality in people with IFG.

The AusDiab (Australian Diabetes, Obesity and Lifestyle Study),56 a large national population 
based cohort, investigated the relationship between different categories of abnormal glucose 
metabolism and the risk of all-cause and CVD mortality. The glucose tolerance status was 
determined in 10,428 participants after a median follow-up of 5.2 years. Compared with those 
with NGT, the adjusted all-cause mortality hazard ratios (HRs) were 1.6 (95% CI 1.0 to 2.4) for 
those with IFG and 1.5 for those with IGT (95% CI 1.1 to 2.0). For those with known diabetes 
mellitus, the HR was 2.3 (95% CI 1.6 to 3.2).

When CVD mortality was measured it was found that the HRs were 2.5 (95% CI 1.2 to 5.1) for 
those with IFG and 2.6 (95% CI 1.4 to 4.7) for those with known diabetes mellitus. However, the 
risk for those with IGT was not increased.
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The authors concluded that there is a strong association between abnormal glucose metabolism 
and mortality, and suggested that this condition contributes to a large number of CVD deaths in 
the general population. Hence, in addition to people with known diabetes mellitus, those with 
milder forms of abnormal glucose metabolism need to be targeted in order to prevent premature 
mortality, particularly CVD death.

UK prevalence of impaired glucose tolerance and impaired fasting glucose
A number of factors influence the prevalence of IGT. As with T2DM, increasing age, obesity 
levels and ethnicity are risk factors for the development of IGT. As discussed previously, the use 
of different diagnostic criteria means prevalence rates may not be standardised across studies.57 
Two studies in London58,59 reported prevalences of IGT in over-40-year-olds of 3% and 4.1%, 
respectively, whereas a study conducted in a slightly older age group of 59- to 70-year-olds in 
Hertfordshire reported a dramatically increased prevalence of 18%.60 The UK prevalence of IFG 
was reported as being approximately 17% in men and women aged > 60 years from a sample of 
over 7000.61

In terms of variation among ethnic groups, a study in Coventry62 has reported higher prevalence 
of IGT in Asians than in the Caucasian population; they reported prevalences of 11.2% and 
8.9% in Asian men and women, respectively, compared with 2.8% and 4.3% in Caucasian men 
and women.

Global prevalence of impaired glucose tolerance and impaired 
fasting glucose

The Diabetes Atlas, 2nd edition, 2002, compiled by the IDF, collated global regional estimates of 
prevalence of IGT in the 20- to 79-year age group using data from 212 countries and territories.16 
In 2003, the South East Asian region had the highest prevalence rate of IGT (13.2%), compared 
with 10.2% in Europe, 7.3% in both Africa and South/Central America, 7.0% in North America, 
6.8% in the Eastern Mediterranean and Middle East and 5.7% in the Western Pacific region. 
These figures relate to single, broad age categories and did not divide prevalence according to age 
group and sex. This publication predicts that by 2025 an additional 7 million people in Europe 
will have IGT.

Studies in other developed countries, such as Australia, support the observation that the rate 
of IGT varies among studies. Dunstan et al. (2002)63 reported 9% and 12% in men and women, 
respectively; however, this was much higher than the 3.4% seen in two (smaller) previous 
Australian studies (Busselton and Victoria, in 1981 and 1992, respectively).64,65 In the USA, 15.4% 
of a cross-section sample of adults aged 40–74 years (tested from 1988 to 1994) had IGT. The 
potential effect of migration on prevalence of IGT may be illustrated by the results from studies 
on the Chinese population both in the UK and in China. In a population of 375 Chinese people 
in Newcastle aged between 25 and 64 years, the prevalence of IGT was 8.0% (4.0% to 12.0%) in 
men and 16.1% (11.0% to 21.2%) in women66 compared with a large study of 92,187 people in the 
Da Qing province of China,67 which reported prevalence of 0.9% in both sexes. This shows that 
prevalence rates in source populations may not always be relevant to migrants to the UK.

The prevalence of IFG is not as widely reported as IGT. Dunstan et al. (2002)63 reported that the 
prevalence of IFG in Australia was 8% in men and 3.4% in women. In the USA, 33.8% of a cross-
section sample of adults aged 40–74 years had IFG; however, more recent estimates from 1999 
to 2002 indicate that, among US adults aged ≥ 20 years, 26% had IFG, which was similar to the 
prevalence in 1988–94 (25%). In India, both IFG (8.7%) and IGT (8.1%) show high prevalence 
with an overlap in one-third.
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Quality of life

Compared with the normal population, people with T2DM have increased morbidity and 
mortality, resulting in reduced quality of life (QoL).27 The QoL may be reduced even before 
diabetes is diagnosed, i.e. in those with IGT. The relationship between impaired glucose 
metabolism and QoL was examined in Ausdiab,68 a population-based study of 11,247 people 
of whom 610 had IFG and 1264 had IGT. Compared with those with NGT, those with IGT had 
significantly adjusted odds ratios (ORs) for the physical functioning [1.44 (1.14 to 1.81)] and 
social functioning [1.46 (1.20 to 1.77)] dimensions on the Short Form questionnaire-36 items 
(SF-36). In particular, difficulties were reported in performing tasks such as walking, climbing 
stairs and bending. In contrast, those with IFG showed no evidence of reduced QoL.

Impairments in QoL in patients with IGT or diabetes relate to specific symptoms including 
psychological distress and well-being, vitality, sleep disturbance, cognitive activities and sexual 
functioning.69 A systematic search of the literature up to December 199770 yielded 58 studies 
examining QoL and T2DM. QoL as measured by SF-36 appeared to be unrelated to glycaemia 
control or to improvements or deterioration in glycaemic control within individuals; however, 
scales that measured feelings of distress associated with symptoms and functioning demonstrated 
responsiveness to changes in glycaemic control.

Current service provision for impaired glucose regulation

In the UK, specific guidelines for non-pharmacological interventions aimed at those with IGT 
or IFG do not exist; however, lifestyle advice (physical activity and diet) is the mainstay of 
current care pathways following diagnosis of impaired glucose regulation. Regular monitoring is 
recommended to assess whether the person’s glucose tolerance is progressing towards a diagnosis 
of diabetes or regressing towards normal. Not all trusts in England and Wales have specific 
protocols for management of impaired glucose regulation, partly because people with impaired 
glucose regulation are detected not through national screening programmes but opportunistically 
during investigation for other conditions, such as heart disease, or by practice-based screening or 
case-finding programmes.

A report by the Scottish Public Health Network71 also noted an absence of organised screening 
for diabetes.

In Chapter 6 we examine the use of data from the General Practice Research Database (GPRD) to 
indicate current management of intermediate hyperglycaemia.

There have been discussions in the UK National Screening Committee (NSC) and Department 
of Health (DH) about screening for T2DM. In its early stages, T2DM can display no symptoms 
but can be causing damage to small and large blood vessels. As reported in a previous technology 
assessment report,72 if there is screening for diabetes, we would expect, depending on method 
used and cut-offs chosen, to detect as many, or more, people with IGT and/or IFG, as with 
diabetes. If there are effective interventions to reduce diabetes, there would be a stronger case for 
applying them in IGT and IFG compared with the general population. Furthermore, intervention 
is more likely to be cost-effective than in lower-risk groups.
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The conclusions from the NSC and DH discussions are summarised on the NSC website:73

General population screening should not be offered. Whole population screening has 
been assessed against the UK NSC criteria and does not meet a number of the criteria.

The UK National Screening Committee has identified the need for a Vascular Risk 
Management Programme, however, which includes diabetes.

The policy on screening for diabetes will be reviewed in 2012.

An integrated approach to cardiovascular risk reduction is advocated, and the health departments 
in the four nations will devise their own solutions.
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Chapter 2  

Modifiable risk factors for type 2 
diabetes mellitus

Obesity

Obesity is the main risk factor for T2DM,74 but the mechanisms for this association are poorly 
understood. Manson and Spelsberg (1994)75 reviewed the current epidemiological evidence for 
potentially modifiable determinants ofT2DM, including obesity, body fat distribution, physical 
activity, and dietary factors. Achievable reductions in the risk of T2DM were estimated to be 
50–75% by reducing obesity and 30–50% by increasing physical activity. Inconsistent results have 
been observed between specific dietary factors, including saturated fat, sugar and fibre intake.

We know that a number of risk factors are associated with development of T2DM. Being 
overweight or obese greatly increases the risk. Colditz et al. (1990)76 followed a cohort of 
113,861 women aged between 30 and 55 years and reported a positive correlation between 
BMI and risk of T2DM; over 90% of cases of T2DM could be attributed to BMIs of ≥ 22 kg/m2, 
with the risk rising progressively with increasing BMI. (Note that the threshold BMI is below 
that which is defined as overweight.) Meisinger et al. (2006)77 reported that both overall and 
abdominal obesity were also strongly related to increased risk of T2DM in a German population 
of 6012 men and women aged between 35 and 74 years, with the highest risk reported in those 
participants with a high BMI in combination with a high WC and high waist–hip ratio. Hence, 
a large number of cases of T2DM may theoretically be preventable. In the UK, the prevalence 
of obesity and overweight are rising. Zaninotto et al. (2007),78 in an obesity forecast for the DH, 
reported that nearly one-third of men in England will be obese by 2010, with figures increasing 
from 4.3 million in 2003 to 6.7 million in 2010. The number of overweight men was forecast to 
increase slightly, from 8.4 million in 2003 to 8.6 million in 2010. Compared with males, a smaller 
proportional increase in number of obese females was expected, 4.8 million in 2003 to 6.0 million 
in 2010, with the number of overweight females expected to decrease slightly from 6.7 million in 
2003 to 2.5 million in 2010.

A later study by Colditz et al. (1995)79 examined the relation between adult weight change and the 
risk of diabetes among middle-aged women. The participants were from the US Nurses Study: 
114,281 female registered nurses aged 30–55 years followed from 1976 to 1990.

After adjustment for age, BMI was the dominant predictor of risk for diabetes mellitus. The risk 
increased with greater BMI, and even women with average weight (BMI 24.0 kg/m2) had an 
elevated risk compared with those with BMIs of < 22 kg/m2 (Figure 4).79

Women of average weight (BMI 24–24.9 kg/m2) had a RR of 5.0 (95% CI 3.6 to 6.6) for T2DM, 
compared with those with BMIs of < 22 kg/m2. Women with a BMI of ≥ 31.0 kg/m2 had an age-
adjusted RR of ≥ 40.0.

Hart et al. (2007),80 from the Renfrew/Paisley study, investigated the relationship between BMI in 
middle age with development of diabetes mellitus using data from two large prospective studies 
with around 30 years of follow-up. The participants were 6927 men and 8227 women from the 
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general population study and 3993 men from the collaborative occupational study. Participants 
were aged 45–64 years and did not have reported diabetes mellitus at the beginning of the study.

Compared with the normal-weight group, the age-adjusted ORs for incident diabetes in the 
Renfrew/Paisley men were 2.73 (95% CI 2.05 to 3.64) in the overweight and 7.26 (95% CI 5.26 
to 10.04) in the obese. The comparable figures for Renfrew/Paisley women were 2.54 (95% CI 
1.95 to 3.31) and 5.82 (95% CI 4.41 to 7.68) and for collaborative men were 3.28 (95% CI 2.26 
to 4.77) and 9.96 (95% CI 6.29 to 15.77). When the normal, overweight and obese groups were 
further subdivided, age-adjusted ORs increased as BMI increased. Compared with the lower 
half of the normal-weight group (BMI 18.5 kg/m2 to < 22.5 kg/m2), even the higher normal-
weight group (BMI 22.5 kg/m2 to < 25.0 kg/m2) had between two and three times the risk of 
developing diabetes.

Assuming a causal relation, the authors estimated that around 60% of cases of diabetes mellitus 
could be attributed to being above normal weight in these populations.

Similar findings were reported from a large cross-sectional Canadian study by Jiang et al. 
(2008),81 who reported that in people aged 20–64 years (with an excellent 85% response rate in a 
national survey) the ORs for diabetes, compared with those with BMIs of < 25 kg/m2, was 2.1 for 
BMI 25–29 kg/m2 and 4.3 for BMIs of > 30 kg/m2 in men, and 2.6 and 7.7 for the same bands in 
women. They concluded that > 40% of diabetes in men and > 50% in women could be avoided by 
keeping to normal weight. The authors note that these proportions are smaller than in some other 
studies, possibly because of inclusion of people with T1DM, and because of self-reporting biases.

Central adiposity may carry particular risks, even in people with a normal BMI but a large 
waist.82 WC, an indicator of central adiposity, is a predictor of risk for developing T2DM.83

Does ethnicity affect the association between obesity and diabetes?
Diaz et al. (2007)84 used cross-sectional data for eight ethnic groups from the 2003–4 National 
Health and Nutrition Examination Survey and the 2003–4 Health Survey for England to examine 
the relationships of BMI, WC and waist–height ratio (WHR) with diabetes risk and across 
different ethnic groups.
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The presence of diabetes was ascertained in 11,624 adults ≥ 20 years old, self-reported as US 
white, US black, Mexican American, English white, English black, Bangladeshi, Pakistani, Indian 
or Chinese. Diabetes was defined as self-report of doctor diagnosis or HbA1c level of > 6.1%.The 
crude prevalence of total diabetes for individuals of < 40 years old did not differ between the 
ethnic groups, but for individuals ≥ 40 years old there were significant (p < 0.01) differences.

The percentage of individuals with normal BMIs (< 25 kg/m2) who had diabetes was lowest 
(3.4%) in English white people. Higher prevalences were seen in other ethnic groups (5.0–10.9%). 
Mexican Americans (10.9%) and Bangladeshis (10.8%) have the highest prevalence of total 
diabetes, followed by Indians (8.7%) and Pakistanis (8.0%). Receiver operating characteristic 
curves for the association of total diabetes with BMI, WC and WHR for adults ≥ 40 years old 
showed that overall, for both genders, WHR and WC have larger areas under the curve than 
BMI, reflecting a statistically significantly (p < 0.05) higher discriminating ability for these two 
measures than for BMI. When stratifying by ethnic group it was generally found that WC and 
WHR generally have larger areas under the curve than BMI. However, there were differences 
between ethnic groups and between genders. WC and WHR were both significantly better 
predictors of future diabetes for both men and women in US white people and in women in US 
black people. In English white people, WHR in men and both WC and WHR were significantly 
better than BMI. WC and WCR showed no significant difference to BMI in either gender in 
Bangladeshis and Chinese.

Therefore, it appears that the association of diabetes and BMI may differ among ethnic groups, 
and different thresholds may be necessary. Adding other anthropomorphic measures, such as 
WC, may improve risk assessment. An important finding was that diabetes was found in many 
individuals who were classed as being of normal weight by BMI.

Qualitative aspects of diet

In terms of diet, a high fat intake, rich in saturated fatty acid, and a low intake of dietary fibre, 
wholegrain cereals and low-glycaemic carbohydrates have been shown to increase the risk 
of T2DM.85

The ADA nutritional recommendations86 are shown in Box 1. The letters after each 
recommendation indicate the level of evidence, with ‘(A)’ the highest and ‘(E)’ the lowest.

In the technical report that underpinned the ADA recommendations, Franz et al. (2002)87 also 
considered qualitative aspects of diet. It had been suggested that dietary fat might have an effect 
independent of calorie intake, perhaps via insulin resistance, but Franz et al. (2002)87 concluded 
that the main effect was through energy balance, and that if there were any specific metabolic 
effects of dietary fat then these were minor.

Franz et al. (2002)87 also noted that recent studies have suggested that diets with increased intake 
of whole grains and fibre may reduce the risk of T2DM, although, again, this might be via an 
effect on total calorie intake.

Riccardi et al. (2008)88 also reviewed the evidence on low-glycaemic-index foods in a narrative 
review, and concluded that there had been no intervention studies to assess the value of low-
glycaemic-index, high-fibre foods in preventing progression from IGT to diabetes.88 They did 
note that some prevention studies included an increase in such foods as part of the intervention 
package. They also noted that studies of low- glycaemic-index foods suggested benefit in people 
who already have diabetes.
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Carter et al. (2010),89 in a high-quality review of fruit and vegetable intake and incidence 
of T2DM, found only six studies that were suitable for inclusion.89 There was considerable 
heterogeneity and, in meta-analyses of five studies, neither fruit nor vegetables reduced the risk of 
diabetes. In a further meta-analysis of four of the studies, consumption of green leafy vegetables 
did appear to reduce the risk, with an OR of 0.86 (0.77 to 0.96) for highest compared with lowest 
intakes. However, what was meant by green leafy vegetables varied among studies.

Hays et al. (2008),90 as part of a wider review of prevention and treatment of diabetes, provide a 
useful account of the evidence for 50 food supplements or food types, ranging from alcohol to 
xanthan gum.90 They note that, for most, there are insufficient data, with evidence of possible 
effects in 13 food supplements or food types.

Physical activity

Evidence suggests that people with a physically active lifestyle are less likely to develop insulin 
resistance, impaired glucose regulation or T2DM.91,92 Furthermore, physical exercise may 
prevent progression to T2DM in those with IGT, and reduce the risk of complications in those 
already diagnosed with T2DM.93 Potential determinants of exercise-associated prevention of 
T2DM are the location, frequency, intensity, duration and type (aerobic, resistance or combined) 
of exercise programme, age of person, dropout rate and the likely adherence to a particular 
exercise programme.

Description of the ‘FITT principle’:

 ■ Frequency The frequency refers to the number of times (usually measured per week) that a 
person exercises.

 ■ Intensity The intensity refers to the amount of effort required during exercise. Although the 
metabolic response is influenced by many factors (e.g. nutrition, age, type of exercise and 
physical condition), work intensity and duration are the most important.94

 ■ Time The time refers to how long is spent exercising.
 ■ Type Exercise is commonly categorised as aerobic or resistance. Aerobic exercise involves 

the muscular and cardiorespiratory systems (e.g. brisk walking, cycling, swimming, jogging). 
Resistance exercise involves using muscular strength to move a weight or work against a 
resistive load (e.g. free weights or weight machines).

 ■ Among individuals at high risk for developing T2DM, structured programmes that emphasise lifestyle 
changes that include moderate weight loss (7% body weight) and regular dietary strategies (such as reduced 
intake of fat) to reduce calories can reduce the risk for developing diabetes and are therefore recommended. 
(A)

 ■ Individuals at high risk for T2DM should be encouraged to achieve the US Department of Agriculture (USDA) 
recommendation for dietary fibre (14 g fibre/1000 kilocalories) and foods containing whole grains (one-half of 
grain intake). (B)

 ■ There is not sufficient, consistent information to conclude that low-glycaemic load diets reduce the risk for 
diabetes. Nevertheless, low-glycaemic index foods that are rich in fibre and other important nutrients are to 
be encouraged. (E)

 ■ Observational studies report that moderate alcohol intake may reduce the risk for diabetes, but the data do 
not support recommending alcohol consumption to individuals at risk of diabetes. (B)

 ■ Although there are insufficient data at present to warrant any specific recommendations for prevention of 
T2DM in youth, it is reasonable to apply approaches demonstrated to be effective in adults, as long as 
nutritional needs for normal growth and development are maintained. (E)

BOX 1 American Diabetes Association recommendations
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Frequency
Evidence suggests that exercise needs to be taken regularly for preventative effect.95 The effect on 
insulin sensitivity of a single bout of aerobic exercise lasts between 24 and 72 hours, depending 
on the duration and intensity.96 As the duration of increased insulin sensitivity is generally 
not more than 72 hours, the ADA recommends no more than two consecutive days without 
aerobic exercise.94

In men there is a clear dose–response relationship between total energy expenditure in physical 
activity and the prevention of T2DM. Burchfiel et al. (1995)97 reported that the findings of the 
Honolulu Heart Program, in a large cohort of over 6800 Japanese American men, indicated a 
lower risk of diabetes in men who were taking the most exercise. Similarly, in the Physicians’ 
Health Study, the age-adjusted RR for diabetes gradually fell from 0.77 (CI 0.55 to 1.07) in men 
who exercised only once a week, when compared with men who did not exercise at all, to 0.58 
(CI 0.40 to 0.84) in men who exercised five or more times per week (p = 0.0002 test for trend).98

The evidence on the frequency of exercise in relation to the risk of diabetes in women is less 
clear. The Nurses’ Health Study found that regular exercise (at least once a week) was associated 
with a reduced incidence of T2DM (RR = 0.67, 95% CI 0.6 to 0.75, p < 0.001) but it found no 
clear trend according to frequency of exercise.99 Compared with sedentary women (nurses who 
did not exercise weekly), RRs of T2DM are 0.74 (95% CI 0.6 to 0.91) for those who exercised 
once a week, 0.55 (95% CI 0.44 to 0.68) for those who exercised twice a week, 0.73 (95% CI 0.59 
to 0.90) for those who exercised three times a week, and 0.63 (95% CI 0.53 to 0.75) for those 
who exercised four or more times a week.99 In the Nurses’ Health Study, exercise was defined 
as ‘vigorous’ exercise, i.e. whether participants engaged in ‘any regular activity similar to brisk 
walking, jogging, bicycling, etc., long enough to work up a sweat’.

Intensity
A Cochrane review100 identified evidence for improvements in glycaemic control over a range 
of exercise intensities. Analyses conducted using the data from the Nurses’ Health Study cohort 
found that after controlling for intensity of exercise the RRs of T2DM were 0.67 (95% CI 0.55 to 
0.81) for < 1 hour/week and 0.56 (95% CI 0.46 to 0.69) for ≥ 1 hour/week (the test for trend being 
significant at p < 0.001).101 In a 14-year cohort of almost 6000 American men, it was found that 
for every 2.1-megajoule (MJ) (500 calories) increment in weekly energy expenditure, there was 
a 6% decrease in diabetes risk.91 The age-adjusted risk of diabetes in American men who played 
vigorous sport was lower than in men who played moderate sport only. In this study, the age-
adjusted risk of diabetes gradually fell from 1.00, 0.90, 0.69 to 0.65, as the levels of sports activity 
(self-reported at baseline) increased from no sports, moderate sports (energy expenditure 5 kcal/
minute), vigorous sports (10 kcal/minute) to a combination of moderate and vigorous sports 
(p = 0.02 for trend).

Although the majority of evidence suggests that the most vigorous activity is protective, some 
evidence suggests little additional benefit in exceeding moderate-intensity activity.95

Moderate- and high-intensity exercise may confer comparable benefits.102 The Insulin Resistance 
Atherosclerosis Study reported that increased participation in non-vigorous as well as overall 
and vigorous physical activity was associated with increased insulin sensitivity.103 Improvements 
in insulin sensitivity and glucose tolerance are seen in sedentary individuals who incorporate 
moderate levels of activity into their lifestyle but the change appears to occur far more slowly and 
less dramatically compared with higher-intensity activity.104

In a 10-year cohort study Finnish women who engaged in vigorous activity [a metabolic 
equivalent of task (MET) value of ≥ 6] less than once a week were found to have a greater 
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age-adjusted risk of diabetes of 2.23 (95% CI 0.95 to 5.23; p = 0.043) than women who engaged 
in vigorous activity at least once a week.105 A similar trend was found for men, although the 
association was weak (age-adjusted RR = 1.63, 95% CI 0.92 to 2.88; p = 0.082). However, the 
association between intensity of activity and subsequent incidence of diabetes was no longer 
statistically significant for both genders after adjusting for total amount of activity (total 
energy expenditure).

In a prospective study of 7577 British men, the risk of diabetes decreases progressively as the 
intensity of physical activity increased from light to moderate, but the risk was not decreased any 
further in men who regularly performed vigorous activity.106 Similar results were reported from 
a more recent prospective study of 7142 British men.107 The study reported the age-adjusted risk 
of developing diabetes was lower in men who engaged in moderate physical activity (RR = 0.53) 
than in those who engaged in light (RR = 0.66) physical activity. However, no further reduction in 
risk was seen in men who engaged in moderately vigorous activity (RR = 0.53).

Jeon et al. (2007)20 carried out a systematic review of moderately intense physical activity and the 
risk of diabetes. ‘Moderately intense’ was defined as requiring a MET task score of 3.0–6.0 but not 
as high as vigorous (defined as requiring more than six times resting metabolic rate), and studies 
that involved mixtures of moderate and vigorous were excluded. Using MEDLINE, EMBASE and 
checking reference lists of retrieved studies, they identified 10 cohort studies involving 310,221 
participants, of whom 9367 developed diabetes.

The risk of diabetes was reduced by 31% by moderate physical activity (RR = 0.69; 95% CI 0.58 to 
0.83) compared with being sedentary. However, adjusting for BMI reduced the reduction to 17% 
(RR = 0.83; 95% CI 0.76 to 0.90).

One concern in debates about the prevention of diabetes has been to distinguish between 
exercise (e.g. an activity taken in addition to activities of daily living) and physical activity (with 
a broader meaning including all forms of activity). Taking exercise may incur time and financial 
costs, whereas increasing physical activity could be done as part of daily living, such as simply 
walking more. Another concern is whether those who take fixed periods of exercise may do less 
at other times.

Five of the studies in the review by Jeon et al. (2007)20 examined the role of walking, usually 
defined as at least 2.5 hours a week of brisk walking [e.g. walking at 5.6 km/hour (3.5 miles/hour) 
on a flat surface requiring 3.8 MET].20

Those who walked regularly had a 30% reduction in diabetes (RR = 0.70; 95% CI 0.58 to 0.84), 
though, again, adjusting for BMI reduced the reduction to 17% (RR = 0.83; 95% CI 0.75 to 0.91). 
However, this implies that moderate-intensity physical activity can reduce progression to diabetes 
even in those who do not lose weight. Compared with the minimal amount of walking in the 
reference category, the highest category was at least 10 MET hours/week, which is equivalent to 
~2.5 hours/week of brisk walking.

Time
The review by Bassuk and Manson (2005)108 identified evidence that shows physical activity 
sessions lasting as little as 10 minutes can improve the metabolic and cardiovascular risk profile 
of otherwise sedentary individuals.102 The US Diabetes Prevention Program (DPP) reported 
a 58% decrease in the development of diabetes in high-risk individuals who exercised for a 
minimum of 150 minutes per week (approximately 20 minutes per day).

The same total amount of exercise taken in several instalments appeared to be more effective 
in a small study by Eriksen et al. (2007).109 Eighteen patients with T2DM were randomised to 
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either three 10-minute sessions or one 30-minute session daily, of home-based cycle training, 
for 5 weeks. Both groups got fitter, but the 3 × 10-minute group had lower fasting and post-load 
glucose levels. The authors speculate that more energy is expended in short bursts.

Type
It is evident that alternative forms of physical activity that produce similar metabolic 
improvements to aerobic exercise may also be beneficial in the management of T2DM. The 
review by Eves and Plotnikoff (2006)110 identified evidence to suggest that resistance training 
may be effective in improving glycaemic control. They reported that results of three randomised 
controlled trials (RCTs) showed the effectiveness of resistance exercise to improve insulin 
sensitivity was comparable with that reported for aerobic exercise. These three RCTs compared 
resistance training with control (either flexibility exercise or no exercise), but the review suggests 
that the reported effect was comparable with that reported for aerobic exercise in other studies. 
There is also some evidence that the duration of effect of resistance training on insulin sensitivity 
is somewhat longer, perhaps as some of its effects are mediated by increases in muscle mass.111 
One RCT randomised 43 individuals with T2DM to either resistance or aerobic training for 
4 months.112 The authors reported that HbA1c level was significantly reduced with resistance 
training (from 8.3% ± 1.7% to 7.1% ± 0.2%; p < 0.001), but not with aerobic training (from 
7.7% ± 0.3% to 7.4% ± 0.3%; p > 0.05). Fasting blood glucose and insulin resistance were also 
reduced and lipid profile improved with resistance but not aerobic training.

Although both aerobic and resistance exercise increase glucose disposal, resistance exercise tends 
to increase muscle mass and therefore glucose storage space.94 The review by Eves and Plotnikoff 
(2006)110 found that increases in skeletal muscle mass are related to decreases in HbA1c level.110 
This supports the hypothesis that resistance training improves glycaemic control by augmenting 
the skeletal muscle storage of glucose. In one of the studies cited in the Eves and Plotnikoff 
review (2006),110 Castaneda et al. (2002)113 reported that resistance training significantly 
improved glycaemic control, increased fat-free mass and reduced abdominal adiposity, whereas 
body weight, and total, arm and leg fat mass did not change between intervention and control 
groups. The review also found ‘no significant relationship between the improvements in insulin 
sensitivity and the losses in either visceral or subcutaneous fat’ with regard to resistance training. 
Improvements to functional status and body composition often occur more rapidly with 
resistance compared with aerobic training, and therefore might be more immediately rewarding. 
‘As there is substantial evidence that supports both aerobic and resistance training, it is possible 
that a combination of both may be the optimal intervention’.110

A recent meta-analysis of 27 studies to examine the effects of different modes of exercise training 
on measures of glucose control concluded that all forms of exercise training (aerobic, resistance 
and combined) produce reductions in HbA1c levels (reductions 0.8% ± 0.3%), a measure of 
glucose control, with combined training generally being more effective than aerobic or resistance 
training alone.114 (Note: These reductions are as great as seen with many glucose-lowering 
drugs.30) The authors emphasise that the effects of exercise are similar to those of dietary and 
drug interventions and the combined effects might be moderate or large. Furthermore, evidence 
also suggested small beneficial effects on related risk factors for complications of diabetes and 
those with more severe disease were found to benefit most.

Sigal et al. (2007)115 carried out a RCT in 251 people with T2DM, aged 39–70 years, with 
four arms:

 ■ aerobic training
 ■ resistance training
 ■ both the above
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 ■ a sedentary control group.

Exercise was carried out three times weekly for 22 weeks, in community facilities. The primary 
outcome was HbA1c level at 6 months. Other outcomes included plasma lipids and blood 
pressure. HbA1c level was reduced in the aerobic group by 0.51% (p = 0.007), in the resistance 
group by 0.38% (p = 0.038) and in the combined group by 0.9% compared with the control 
subjects. The bigger reductions in the combined group of 0.46% compared with aerobics alone, 
and 0.59% compared with resistance alone, were also statistically significant (p = 0.014 and 0.001, 
respectively). This may simply reflect the greater amount of exercise in the combined group. No 
significant differences were seen in blood pressure and lipids at 6 months.

Some of the conflicting results above may be related to baseline risk. Gill and Cooper (2008)116 
carried out a systematic review of both observational studies and prevention trials. In brief, 
they noted that the marked reduction in diabetes incidence was attenuated once adjusted for 
BMI but that even after such adjustment physical activity reduced the risk by 20–30%. They also 
examined the evidence for thresholds, finding that there was uncertainty about whether there 
was a minimum level to achieve benefit, especially in women, but also that there appeared to be a 
level above which additional activity conferred no additional benefit. However, perhaps the most 
useful aspect of their review was the examination of the benefit according to baseline risk. Thus, 
in lean individuals with very low risk of diabetes, physical activity made little difference, whereas 
in people at high risk (high BMI, family history), physical activity was clearly beneficial, although 
especially so if combined with weight loss. They suggest a BMI threshold of 27 kg/m2 (23 kg/m2 in 
those of Asian descent) for prescribing higher levels of physical activity than the current health 
guidelines recommend (150 minutes of moderate activity or 60–90 minutes of vigorous activity 
per week).

Adherence
It is often those who would benefit the most from aerobic exercise that have the greatest difficulty 
performing it. Adherence with an exercise programme is important for successful outcomes. 
However, there are considerable problems of adherence with formal exercise programmes.117 
Around 50% of participants commonly drop out of supervised exercise programmes, and as 
many as 90% of participants drop out after 1 year.118 Even though the importance of exercise 
is stressed more to diabetic people than non-diabetic individuals, diabetic individuals are no 
more likely to exercise than non-diabetic individuals.117 Those more likely to adhere to exercise 
programmes appear to be elderly individuals, females, self-referred patients and patients 
participating in programmes along with a spouse.117 The type of exercise programme also affects 
adherence, as described below.

Adherence and frequency
Lack of time is a common barrier to carrying out exercise and maintaining activity levels. As 
expected, King et al. (1995)119 found better adherence to a programme of exercise on 3–4 days 
per week compared with 5–7 days per week. However, a study by Perri et al. (2002)120 randomised 
379 sedentary, non-diabetic, men and women to walk 30 minutes per day at a frequency of 3–4 
or 5–7 days per week and an intensity of 45–55% or 65–75% of the maximum heart rate. The 
results showed that a prescription of higher frequency walking resulted in a greater amount of 
exercise (92 minutes per week) compared with moderate frequency (60 minutes per week) over a 
6-month period. Similar levels of adherence were observed for exercise prescribed at a moderate 
(61%) and higher frequency (63%).

Adherence and intensity
A meta-analysis of 127 intervention studies found better adherence to lower-intensity activities 
than higher-intensity activities.121 The effect size was found to be far greater for physical activities 
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carried out at a low intensity (r = 0.94; 95% CI 0.91 to 0.97) than with higher intensities (r = 0.24; 
95% CI 0.06 to 0.41). Results from a multiple linear regression analysis also showed that 
interventions emphasising physical activity of low intensity showed better adherence than those 
using higher-intensity activities.

The greater risk of injury occurrence in high-intensity activity might have a strong negative 
influence on adherence to high-intensity physical activity compared with lower-intensity activity. 
In some cases, the higher self-reported injuries during higher-intensity activity may represent 
‘excuses’ for not completing an activity that involved maximal effort.120

Perri et al. (2002)120 found that a prescription for walking at moderate intensity produced both 
better adherence to the exercise prescription (66% vs 58%) and a greater amount of exercise 
completed (85 minutes vs 72 minutes per week) compared with a prescription for walking at a 
higher intensity. McGinnis (2002)122 stressed the importance of incorporating physical activity 
into one’s lifestyle as it then has the potential to be maintained for years. A 3-year RCT of 
walking, with a 10-year follow-up, concluded that moderate-intensity activities such as walking 
are much more likely to be maintained over the years by people of many different ethnic and 
economic groups than high-intensity sport.123

Motivating people to exercise is usually a challenge. The Cochrane review by Thomas et al. 
(2006)100 found that a gradual increase in exercise, starting from low-intensity and increasing 
to moderate-intensity exercise, performed regularly, may be a more successful approach to 
incorporate exercise into daily lives on a long-term basis than introducing more intense levels of 
exercise from the outset, which will be difficult to maintain in the longer term.

Adherence and time
Many people find it easier to conduct fewer longer exercise sessions than five or more weekly 
sessions.94 The recommendations from the US Surgeon General’s report state that most people 
should accumulate > 30 minutes of moderate-intensity activity on most, ideally all, days of 
the week.124

A study by Jakicic et al. (1995)125 reported that exercising in multiple short bouts (i.e. 10 minutes) 
improved adherence compared with single longer daily bouts of exercise.

Adherence and type
The Cochrane review by Thomas et al. (2006)100 reported that varying the type of exercise and 
having a choice of exercise activity may be an important factor in ensuring adherence with 
exercise programmes after the intervention period. The easier the exercise is to maintain, the 
more likely it is that people will do it. As Avenell et al. (2006)126 suggest, the message should be to 
‘reduce inactivity’ rather than ‘do more exercise’. The Cochrane review concluded that dedicated 
exercise regimes should be prescribed in addition to lifestyle-based incidental types of activities 
for everyday life, such as cycling rather than using the car, using stairs instead of a lift and 
carrying groceries instead of pushing them in a trolley.100

The success of exercise programmes is also highly dependent on adherence to a particular 
regimen.120,127,128 For example, Perri et al. (2002)120 assessed 379 sedentary adults who were 
randomly assigned to walk 30 minutes per day at a frequency of either 3–4 or 5–7 days per 
week, at an intensity of either 45–55% or 65–75% of maximum heart rate reserve.120 The study 
reported that prescribing a higher frequency increased the accumulation of exercise without a 
decline in adherence, whereas prescribing a higher intensity decreased adherence and resulted 
in the completion of less exercise. Similarly, Sallis et al. (1986)127 reported that, compared with 
vigorous exercise, rates of exercise adoption were higher and 1-year dropout rates lower for 
moderate activities.
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Supportive evidence was also reported by Dishman and Buckworth (1996),121 who found that, 
compared with moderate- or high-intensity activities, greater increases in physical activity were 
seen for low-intensity activities. Surveys also indicate a preference for those activities that can be 
performed as an individual rather than in more structured settings.129

In conclusion, easily adoptable exercise regimens of moderate intensity are therefore probably 
more likely to be successful that those that are of high intensity.

One issue is whether improvement in physical fitness can improve health even if no weight loss 
occurs. The effects on mortality were examined in the US Nurses’ Health Study by Hu et al. 
(2004).130 They defined ‘lean’ as a BMI of < 25 kg/m2 and ‘obese’ as a BMI of ≥ 3 kg/m2, and ‘active’ 
as spending 3.5 or more hours on exercise each week. Taking lean active women as the reference 
case, with RR of 1.0, gave the following RRs;

 ■ lean and active: RR = 1
 ■ lean but inactive: RR = 1.55
 ■ obese and active: RR = 1.9
 ■ obese and inactive: RR = 2.4.

At all levels of BMI, physical activity was beneficial but it could not fully offset the higher risks 
imposed by obesity.

Summary

Physical activity protects against the development of diabetes. This applies to all forms of exercise. 
The benefit increases with frequency. However, the evidence on intensity is less clear and there 
may be an upper threshold above which increased intensity confers no extra benefit in terms of 
incidence of diabetes.

Adherence is important, and there may be trade-offs between amount and type, and adherence. 
Greater net benefits may come from a modestly effective form of activity with good compliance, 
compared with a more vigorous form of exercise with poorer compliance.

Current recommendations

The ADA made the following recommendations on physical activity for prevention of T2DM in 
June 2006:131

 ■ In people with IGT, a programme of weight control is recommended, including at least 
150 minutes/week of moderate to vigorous physical activity and a healthy diet with modest 
energy restriction (level of evidence A).

 ■ To improve glycaemic control, assist with weight maintenance and reduce risk of CVD, at 
least 150 minutes/week of moderate-intensity aerobic physical activity (40–60% of VO2max 
max or 50–70% of maximum heart rate) and/or at least 90 minutes/week of vigorous aerobic 
exercise (> 60% of VO2max or > 70% of maximum heart rate). Physical activity should be 
distributed over at least 3 days/week and with no more than two consecutive days without 
physical activity (A).

 ■ Performing ≥ 4 hours/week of moderate to vigorous aerobic and/or resistance exercise 
or physical activity is associated with greater CVD risk reduction than lower volumes of 
activity. (B)
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 ■ For long-term maintenance of major weight loss (> 13.6 kg/30 lb), larger volumes of exercise 
or (7 hours/week of moderate or vigorous aerobic physical activity may be helpful). (B)

 ■ In the absence of contraindications, people with T2DM should be encouraged to perform 
resistance exercise three times a week, targeting all major muscle groups, progressing to three 
sets of 8–10 repetitions at a weight that cannot be lifted more than 8–10 times. (A)

Physical activity and exercise patterns
It may be useful to distinguish between physical activity, which includes both activity as part of 
daily life (e.g. walking or cycling to work, occupational activity) and exercise, from the sorts of 
exercise that require participation in sports or other activities which are not part of everyday life 
(e.g. hillwalking, going to gyms).

If we try to categorise physical activity patterns over a lifetime, we would need quite a 
complicated classification, including:

1. always active – active at school and continuing throughout life, albeit with different sports at 
different ages

2. never active after school, and possibly not even at school
3. active in younger ages, but stopping – girls probably earlier than boys; boys may go on to 

play sports, such as football or rugby, into their late 20s or longer
4. active in younger age groups then stopping because of work or family commitments, but 

then starting again for social reasons or after retirement
5. as for (4) but starting again for health reasons
6. mixed stops and starts.

For our purposes, we could think a slow progress towards IGT over many years, with groups (2) 
and (3) being the most at risk.

Given that the average age at diagnosis of IGT may be in the fifties, we may be identifying a 
group of people who are not only inactive and overweight, but also have been so for decades. The 
implication of that is that unhealthy habits may be hard to change. It may be unrealistic to expect 
them to take up exercise, and the main thrust may have to be to try to encourage an increase in 
physical activity, such as walking.

This raises two issues. The first is about efficacy compared with effectiveness, with efficacy 
referring to results in trials (volunteers, perhaps high level of input) and effectiveness referring to 
results in real life. The second is whether modest increases in physical activity, such as walking, 
are sufficient to reduce diabetes. Is there a threshold level which must be exceeded to get an effect, 
or is there a continuum in which all activity has some effect? It may be that strenuous exercise is 
better metabolically, but modest will achieve greater uptake. A review by the Health Development 
Agency concluded that132 ‘Interventions that promote moderate-intensity physical activity, 
particularly walking, and are not facility dependent, are also associated with longer-term changes 
in behaviour.’

Di Loreto et al. (2003)133 addressed the issues of real-life applicability and achieving adherence in 
a randomised trial of a carefully designed intervention to promote physical activity in unselected 
people with T2DM. Having noted the benefits of exercise in diabetes, they go on to comment 
that133 ‘many physicians do not spend time making an effort to convince type 2 diabetic subjects 
to exercise, probably because older adults comply poorly with their recommendations.’

They then designed an intervention that was based on a number of factors, including motivation, 
self-efficacy, family support, removing impediments, enjoyment, and checking on understanding 
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of benefits. They took care not to suggest radical increase in exercise, but used a staged approach 
so that people were not discouraged. Nevertheless, these small steps achieved, over time, a 
considerable increase in physical activity. Patients might start with only a 20-minute walk daily 
but would increase this at weekly intervals. From a baseline activity level of about one MET 
hour/week, the intervention group increased to 27 METs. The control group were given standard 
advice, including on exercise, but increased to only four METs/week. The target level of over 10 
METs hours/week was achieved by 69% of the intervention group and 18% of the control group. 
One weakness in the report is that the method of randomisation was not given. Another is that 
results were given at 24 months, when it appeared that the intervention was continuing. It would 
be interesting to know if the increase continued after it was stopped.

The authors attribute success partly to their own enthusiasm for exercise – the counselling was 
given by physically active physicians. They also emphasise the importance of not deterring 
people: ‘This step-by-step approach intentionally avoided goals that the patient was unable to 
imagine attaining’.

Ogilvie et al. (2007)134 carried out a systematic review of interventions to promote walking but 
found a wide range of results, and many very short-term studies. It might have been better to 
exclude short-term studies. Ogilvy et al. (2007),134 noting the short durations, commented that 
the review might be showing proof of efficacy rather than effectiveness. But they did conclude 
that some interventions appeared to increase walking time by 30 to 60 minutes per week. The 
keys to success seemed to be targeting (usually of people motivated to try to increase activity) 
and tailoring. However, the authors comment that ‘Few studies in this review found unequivocal 
improvements in health, risk factors for disease, or even overall levels of physical activity’.
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Chapter 3  

Ethnicity

Type 2 diabetes mellitus in South Asians

Terminology is important in describing ethnic differences in diabetes. The term ‘South Asian’ is 
used nowadays to refer to people whose ancestry is in the countries of the Indian subcontinent, 
including India, Pakistan, Bangladesh and Sri Lanka.135 It distinguishes these people from those 
from other parts of Asia. However, South Asian therefore still covers a very wide range of ethnic 
and cultural groups, and we need to be careful in not extrapolating from, for example, Punjabis 
to Bangladeshis. Another complicating factor is that there may be considerable intergenerational 
differences in lifestyles from those born in the subcontinent to their grandchildren born in 
the UK.

Over 2 million South Asian people (India, Bangladesh and Pakistan) or their descendants 
have settled in the UK, representing 4% of the total population. Studies have shown a higher 
prevalence of T2DM in South Asians than in indigenous populations,84,136–138 in addition to higher 
levels of ischaemic and cardiovascular heart disease, and premature atherosclerosis leading to 
higher morbidity and mortality rates.138 Population projections on percentage change in the 
prevalence of diabetes between 1991 and 2011 among 45- to 74-year-olds from Greater London139 
estimated that there would be a slight decline in the numbers affected by diabetes (–5.3% in men 
and –11.1% in women) in the white European population. However, diabetes is projected to 
increase in the Indian population (83% in men and 136.8% in women) and in Afro-Caribbeans 
(33.5% in men and 79.4% in women).

Although it is well established that immigrant ethnic minority populations have higher 
prevalences of type 2 DM, it is important to identify the risk factors and if generational and 
regional differences (e.g. different regions within India) existed among them.

Prevalence of type 2 diabetes mellitus in South Asians
We found a number of studies on ethnic differences in prevalence. These are summarised in 
Appendix 1. Most studies reported higher prevalence of T2DM in South Asians and African 
immigrants than in Europeans, the exception being that of Davies et al. in 1999140 (30% in 
Asians and 34% in Caucasians, p < 0.001). The age-adjusted prevalence in South Asians ranged 
from 4.6% in 1985 [Mather and Keen (1985)141] to 25% in 1997 compared with 1.2% in 1985 
and 6.7% in 1997 among Caucasians.136 A more recent study by Riste et al. (2001)142 reported an 
age-adjusted prevalence of 33% in Pakistanis compared with 20% in Europeans. Seven times as 
many Asians as Europeans had been diagnosed between the ages of 30 and 54 years but similar 
numbers were diagnosed in those aged < 25 years. In a review, Chowdhury and Hitman (2007)143 
noted the fourfold risk of T2DM in South Asians compared with white people, and that South 
Asians had a 1 : 3 risk of developing diabetes in their lifetimes.

South Asians were significantly younger than Europeans at first recorded diagnosis of diabetes 
(average of 14 years) and had significantly lower BMIs.144 Median time to referral to hospital 
clinic is longer for South Asians.144–146 Differences in fasting glucose concentration, insulin levels 
and insulin resistance are well advanced by adolescence according to Whincup et al. (2005),147 
with a prevalence of IFG markedly higher in 13- to 16-year-old South Asians compared with 
European young adults (5.6 vs 1.5%; OR 3.9; 95% CI 1.4 to 10.9; p = 0.004).
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Diabetes is more common in men than in women in all of the ethnic minorities except Pakistani 
women.7,58,62,136,142,148,149 The Southhall study showed that males have high prevalence compared 
with females despite lower BMIs, which was not observed in the European population.141 
However, the prevalence of IGT seems to be higher in females than males. Simmons et al. 
(1991)62 reported a 9.8% prevalence of IGT in of males compared with 11.2% in females, and 
Cruickshank et al. (1991)149 reported a prevalence of IGT of 25% in Gujarati Indian males 
compared with 32% in Gujarati females.

Within South Asians there is great variation among different subgroups. In a study by Simmons 
et al. (1992),150 Punjabi Sikh males had a higher prevalence of diabetes than females (89/1000 in 
males vs 75/1000 in females), but among Hindus (Gujarati and Punjabi) and especially Muslims 
(Pakistani and Gujarati), prevalence was higher in women.150 However, these differences were 
statistically non-significant. Gujarati Muslims had the highest prevalence of diabetes mellitus in 
this study, despite having a similar diet to Gujarati Hindus and Pakistani Muslims. Simmons et 
al. (1992)150 wondered if that could be due to either previously diagnosed diabetes or frequent 
consanguineous marriages in this community.

The prevalence of diabetes may be underestimated, depending on the criteria used to diagnose 
diabetes in South Asians. A study by Harris et al. (2000)151 assessed the impact of new ADA 
and WHO diagnosis criteria for diabetes on subjects from three ethnic groups (South Asians, 
Caucasians and those of African descent) and showed that in South Asians, overall 31/340 (9.1%) 
qualified for newly diagnosed diabetes mellitus using WHO criteria compared with 17/340(5.0%) 
by ADA criteria.151 Overall, the proportion of individuals with impaired glucose homeostasis 
was 13.7% with WHO criteria (IGT + IFG) compared with 3.8% with ADA criteria (IFG). This 
difference was greatest for South Asians with 20.3% with impaired glucose regulation under full 
WHO criteria compared with 4.4% under ADA criteria. Thus, failure to identify people with IGT 
under the ADA criteria could underestimate the scale of the problem and be detrimental given 
the greater risk of CHD in people with IGT, especially South Asians.

Diabetes associated risk factors in South Asians

Waist–hip ratio
Waist–hip ratio, reflecting central obesity, is higher in South Asians than Europeans.58,142,145,149,152,153 
Logistic regression analysis of univariate association between glucose tolerance and various 
anthropometric variables showed a stronger association with waist–hip ratio than BMI. However, 
the waist–hip ratios were not different among any of the South Asian subgroups.137,152 Conversely, 
Yajnik et al. (2008)154 found that once adiposity had been taken into account, waist measurement 
did not contribute anything further. They studied insulin resistance and adiposity in groups 
of rural, poor urban and middle-class urban men in or near the city of Pune. The found that 
adiposity explained two-thirds of the differences in insulin resistance, which was commonest 
among the prosperous middle-class men. Half of the urban middle-class men were centrally 
obese. A third were overweight or obese if a BMI threshold of 25 kg/m2 was used. However, that 
threshold may be too high for South Asians. The mean BMI in the often adipose and centrally 
obese middle-class men was only 23.6 kg/m2.

Cholesterol
South Asians, in particular females, have lower levels of total cholesterol58,136,145,155 and high-
density lipoprotein cholesterol-C (HDL-C)58,153 than Europeans. Cappuccio et al. (1997)136 
reported 67% of South Asians having total cholesterol level of > 5.2 mmol/l compared with 78% of 
the Europeans. However, more recent studies have reported increasing levels of total cholesterol 
in South Asians and the difference narrowing, so that there was no significant difference in 
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cholesterol between South Asians and Europeans.144,152,156 Among the subgroups of Indians, 
McKeigue et al. (1991)58 reported high levels of total cholesterol in Sikhs (6.06 mmol/l) and the 
lowest levels in Gujarati Hindus (5.45 mmol/l; p < 0.001). However, the HDL-C is high among the 
Sikhs (1.22 mmol/l) and lowest in Muslim men (1.04 mmol/l; p < 0.001).

Diet
Cultural factors play a part in dietary habits. Grace et al. (2008)157 found that among the 
Bangladeshi population in Tower Hamlets, it was regarded wrong to serve healthier curries with 
reduced fat content to guests, because it might be seen as ‘inhospitable’. The same study noted 
that the community was well aware of diabetes and its risks.157

Effects of migration on risk factors
Studies have also compared the prevalence of diabetes and its risk factors in populations from 
the same community who have emigrated to westernised cultures, with those who still live in 
their own countries. Ramaiya et al. (1995)158 reported higher prevalence of IGT (in both sexes) 
newly diagnosed diabetes (in women) and hypercholesterolaemia (in men) in the Asian Indian 
Bhatia community from Gujarat living in Tanzania, and the same community, living in the UK. A 
more recent study by Patel et al. (2006)159 studied the cardiovascular risk factors among Gujaratis 
living in Britain and compared it with the non-migrant Gujaratis in India. Although there was 
no significant difference in prevalence of diabetes, the most striking factor between the migrants 
and indigenous population was on nutrition. There was increased dietary energy intake in the 
migrants with significant contribution by fat intake. Serum cholesterol, triglycerides, BMI, and 
waist–hip ratio were all higher in the Gujarati immigrants to the UK than those in India. This 
illustrates the risks imposed by migration and cultural adaptation among people from the same 
cultural, geographic and genetic background.

Physical activity
Physical inactivity is identified as an important risk factor for diabetes and CHD. Physical 
activity is much lower in South Asians than in Europeans.142,155,158,160 Fischbacher et al. (2004)160 
reviewed 12 studies of levels of physical activity and fitness in South Asians (Indians, Pakistanis 
and Bangladeshis). Results in adults consistently showed lower levels of physical activity in 
South Asians than in the general population or white groups (South Asians’ activity levels were 
~ 50–75% of those of Europeans), regardless of the diverse sampling methods, mode of physical 
activity assessment and criteria for activity levels.

However, there were differences among the Asian groups. Fischbacher et al. (2004)160 reported 
that Bangladeshis had the lowest physical activity level. Similarly, the Health Survey for England7 
reported that Indian, Pakistani and Bangladeshi men were 14%, 30% and 45% less likely than the 
general population to meet current guidelines for physical activity.

Greater differences were found in activity levels between South Asians groups and the general 
population in women than in men. Bangladeshi women had very low levels of physical activity 
compared with the general population, with only 21% achieving recommended levels of physical 
activity. A lower level of activity was also reported in older respondents in all ethnic groups. 
This difference was greater among Bangladeshi men and women and Indian women than among 
corresponding general population groups (13% and 18%, respectively, in Bangladeshi and Indian 
women aged 16–34 years compared with 1% and 2%, respectively, in the ≥ 55 years age group and 
26% and 11%, respectively, in the general population). Fast and brisk walking, and participation 
in sports and exercise, were less commonly reported in South Asian women.

This reduced level of physical activity is in part due to cultural norms. Grace et al. (2008),157 
in a qualitative study among Bangladeshi women in Tower Hamlets, found that exercise (as 
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opposed to physical activity, such as walking) was seen as alien to the culture, and inappropriate 
behaviour, especially among women and older people. This was less so in later generations. The 
reasons included views about appropriate dress.

Comparing immigrants from the same community (the Bhatia community in Gujarat) in 
Tanzania and the UK, diabetes mellitus and cardiovascular risk factors except hypertension 
were high in people living in Tanzania compared with immigrants to the UK. The most striking 
difference was the levels of physical activity in the communities despite similar BMIs. Sedentary 
lifestyle was observed in 63–84% of Gujaratis in Tanzania compared with 26–29% in the UK. 
High levels of physical activity were observed in 8% of Gujaratis in Tanzania compared with 36% 
in the UK (p < 0.001).158

An older study by Samanta et al. (1991)155 from Leicester noted a marked difference in activity 
between South Asians and white people: 8% active compared with 33% active.

Carroll et al. (2002)161 noted that the barriers to physical activity in South Asian Muslim women 
were culture, language, religion, age and socioeconomic status. However, a pilot scheme of 
‘exercise on prescription’ suggested that these barriers could be overcome.

Smoking and alcohol
Two studies have reported that smoking and alcohol consumption levels are lower in South 
Asians than in Europeans,58,146 although Bhopal et al. (2004)162 noted that Bangladeshi men have 
high smoking rates (57%) compared with 32% in Pakistani and 14% in Indian men. A study 
by Chowdhury et al. (2006)156 reported a non-significant difference in smoking between South 
Asians and European (23.6% vs 22%; p = 0.46). Among Indians, smoking is more prevalent 
among Muslims and lower in Hindus and Sikhs because of their religious beliefs.58,136

Insulin resistance
Many of the features noted above are related to insulin resistance. In his 2007 Bloom Lecture, 
Felix Burden (2007)163 summarises the effects of the increased insulin resistance in South 
Asians as:

 ■ early development of IGT (but not so much IFG)
 ■ more rapid transition from IGT to diabetes
 ■ earlier onset of diabetes
 ■ higher prevalence of diabetes.

Knight et al. (1992)164 compared male manual workers of Asian origin (64% Muslims from 
Pakistan and the Punjab, 31% mainly Gujarati Hindus) and non-Asian origin in two textile 
factories in Bradford. Diabetes was observed in 13% of Asian and 4.5% of non-Asians.164 Insulin 
resistance was much commoner in the Asians. The serum insulin level at 2 hours after glucose 
load in Asians was double that in white people. Asians had more central obesity, but lower BMIs 
(24 kg/m2 vs 25 kg/m2).

Glycaemic control in South Asians

The consequences of diabetes may be worse in South Asians. Mukhopadhya assessed glycaemic 
control in South Asian diabetic people and reported similar initial levels between South Asians 
and Europeans.144 However, after 5 years, HbA1c level deterioration was significantly greater in 
South Asians than in Europeans (0.23%/year vs 0.16%/year). HbA1c level was 60–113% higher 
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in South Asians, even after adjusting for age, sex, baseline HbA1c level, weight change, time to 
referral and duration of diabetes. Control of blood pressure and cholesterol levels were also 
poorer in South Asians.144,165

The reasons for poor glycaemic control could be problems with compliance and levels of 
education, language barriers and fatalistic attitudes towards disease status.166,167 A cross-sectional 
survey to assess the understanding of diabetes in the South Asian community reported that 28% 
of patients did not understand the term diabetes and 13% could not provide any description; 22% 
were unable to suggest any risk factor; and 20% could not give a preventative measure.168 Among 
the ethnic groups, the Bangladeshis had lower levels of knowledge and education than Indians 
and Pakistanis. However, this may be due to differences in educational attainment rather than 
ethnicity. Thirty per cent of Bangladeshi males had never attended school, compared with 0% of 
Indians and Pakistanis, and 18% of Bangladeshi females did not attend school compared with 5% 
of Indians and Pakistanis.

Complications of diabetes mellitus in South Asians

Diabetes-related complications are more common in South Asians than in 
Europeans.145,146,153,155,169,170 The age at diagnosis of diabetes is about 10 years lower in 
South Asians.143

Diabetic patients from the Southhall survey were followed up after 11 years to ascertain mortality 
and morbidity data.169 All-cause mortality rate was higher in South Asians than in Europeans 
among younger age groups. This study also reported that mortality from circulatory disease and 
ischaemic heart disease was significantly higher in South Asians than in Europeans in those aged 
30–64 years at baseline (risk ratios of 1.8 and 2.0, respectively; p < 0.05). CVD was the commonest 
cause of death in both groups, but accounted for 77% of all deaths in South Asians. Morbidity due 
to MI (20% vs 8%, p = 0.001) and retinopathy (36% vs 27%; p = 0.03) was higher in South Asians 
but no significant differences were found in stroke, hypertension and amputation.

At the time of diagnosis of early-onset T2DM, Chowdhury and Lasker (2002)153 reported that 
South Asians present with significantly higher prevalences than Europeans of macrovascular 
disease (15.7% vs 9.4%, p < 0.001), microvascular complications (27.3% vs 16.5%; p < 0.001) and 
higher absolute 10-year cardiovascular risk (16.9% vs 13.7%; p < 0.001).153 In contrast, the UKPDS 
found no significant differences in the prevalence of MI, CVA or retinopathy between South 
Asians and Europeans.145

Predictors of diabetes in South Asians

South Asians appear to have a more central distribution of fat than Europeans.58,142,145,149,152,153 
WHR is highly correlated with glucose intolerance in South Asians than any skinfold 
measurements.137,142

Diaz et al. (2007)84 compared the optimum cut-off for BMI for predicting diabetes in several 
ethnic groups, using data from the 2003–4 Health Survey for England.7 The crude prevalences 
of diabetes in those aged > 40 years were 9% in English white people, 23% in English Indians, 
38% in Pakistanis, 44% in Bangladeshis and 18% in Chinese. The optimum cut-points of BMI for 
predicting diabetes were 28 kg/m2 for English white people, 29 kg/m2 for English black people, 
26.5 kg/m2 for Indians, 25 kg/m2 for Pakistanis and 24 kg/m2 for Bangladeshis.
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Cruickshank et al. (1991)149 reported that mean fasting and 2-hour C-peptide concentration, and 
2-hour insulin concentration were significantly higher in Gujarati Indians than white people and 
Afro-Caribbean people (p < 0.001).149 No significant differences were found between the white 
and Afro-Caribbean groups.

Progression from impaired glucose tolerance to diabetes

The Newcastle Heart Project followed up South Asian (Indian, Pakistani and Bangladeshi) and 
European individuals with transient IGT (IGT on one OGTT with a normal repeat OGTT 
2–6 weeks later), persistent IGT (IGT on the initial and on the repeat OGTT) and NGT. The 
individuals were aged 25–76 years and median follow-up was 4.4 years in Europeans and 
2.8 years in South Asians.171,172

South Asians were significantly more likely than Europeans to have persistent IGT (77% vs 48%). 
Also, in South Asians with transient IGT, the number of new cases of diabetes per 1000 person-
years of follow-up was 146.8 (95% CI 40.0 to 375.9), whereas for Europeans it was 29.3 (95% 
CI 6.1 to 85.7). The equivalent figures for those with persistent IGT were 109.5 (95% CI 54.7 to 
195.9) for South Asians and 66.5 (95% CI 24.4 to 144.8) for Europeans.

Therefore, South Asians were more likely than Europeans to have persistent IGT and those with 
transient IGT also had a high risk of progression to diabetes.

In the Indian Diabetes Prevention study by Ramachandran et al. (2006),173 full details of which 
are given later, 55% of the control group had developed diabetes by 3 years of follow-up.

Prevalence of diabetes and other risk factors in populations with 
African origin

In the UK, people of African descent have the second-highest levels of T2DM after South 
Asians. The age at onset among Afro-Caribbeans is slightly higher than among Europeans (42 vs 
39 years), more so for women;174 in contrast, onset of T2DM among Asians typically occurs at a 
younger age.

The crude prevalence rate of people with West Indian origin but living in the UK is 2.2%, with 
higher rates of 7.93% in 45- to 65-year-olds.175 Studies have compared the glucose tolerance in 
descendants of African origin with those of the same origin living in African countries. Cooper 
et al. (1997)176 compared the prevalence of diabetes among the African diaspora living in six 
different countries and reported that among people of West African origin, 2% have diabetes 
mellitus in Nigeria; within the Caribbean, rates ranged from 3% in men in St Lucia to 11% 
in women in Jamaica compared with an average of ~11% in the UK and USA. Another study 
showed that, in people of West African origin, age-standardised prevalence was 0.8% in rural 
Cameroon, 2.0% in urban Cameroon, 8.5% in Jamaica and 14.6% in Manchester (UK), with no 
differences between sexes (p < 0.001).177

A study that compared Afro-Caribbeans with Europeans found no significant difference in 
BMI and blood pressure between them. Total cholesterol level was significantly lower in Afro-
Caribbean people. Levels of smoking were not different between Afro-Caribbeans and European 
men but Afro-Caribbean women smoke significantly less.174
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Afro-Caribbeans have a low risk of mortality in a study that followed T2DM Afro-Caribbean 
patients for 18 person-years.174 They have a third of the risk of dying from heart disease compared 
with Europeans [16 vs 59; HR of 0.41 (95% CI 0.23 to 0.75); p = 0.002]. This could be due to the 
lower levels of cholesterol and higher levels of HDL-C than in Caucasians and Asians.145,174

Prevalence of risk factors among people of Chinese origin

Groups of people of Chinese descent have been less studied, presumably because they are fewer 
in number, but several reports of a Newcastle study have included them. Unwin et al. (1997)66 
reported that BMIs in Chinese men and women were lower than in Europid men and women 
(24 vs 26 for men and 23.5 vs 26 for women) but that the prevalence of glucose intolerance was 
similar to, or higher than, in Europids.
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Chapter 4  

Systematic review of clinical effectiveness

Research question

Are there effective non-pharmacological interventions that will reduce the progression to 
diabetes in those with IGT and IFG?

The following interventions, either alone or in combination, are considered:

 ■ weight loss
 ■ exercise
 ■ qualitative changes in diet.

Methods

The review adopted the methodological approach published by the NHS Centre for Reviews 
and Dissemination.178

Inclusion and exclusion criteria
Inclusion criteria
Intervention

 ■ Weight loss.
 ■ Exercise.
 ■ Qualitative changes in diet.

Alone or in combination.

Comparators
 ■ Standard treatment.
 ■ Non-intensive lifestyle treatment.

Population
 ■ People with IGT or IFG.

Study design
 ■ RCTs of at least 2 years’ duration.
 ■ Systematic reviews of RCTs.

Outcomes
 ■ Progression to diabetes.
 ■ Weight loss.
 ■ Adverse events (AEs).
 ■ Changes in blood glucose.
 ■ Changes in diet and physical activity.
 ■ Changes in blood cholesterol.
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Exclusion criteria
Population

 ■ People with diabetes.

Study design
 ■ RCTs with < 2 years’ duration.
 ■ Study designs other than RCTs.

Search strategy
Electronic databases were searched for published systematic reviews, RCTs, economic evaluations 
and ongoing research up to September 2007. The databases searched were MEDLINE, EMBASE, 
The Cochrane Library, Science Citation Index, the National Research Register and the UKCRN. 
Appendix 2 shows the databases searched and the strategy in full. Updating searches were 
carried out in February 2011, mainly to identify more papers from the main studies. Auto-alerts 
on MEDLINE were run until September 2011. Selective updating searches in MEDLINE and 
EMBASE were carried out in January 2012, focusing on new cost-effectiveness analyses and 
recent reviews.

Abstracts returned by the search strategy were examined independently by two researchers (AS 
and NW) and screened for inclusion and exclusion. Disagreements were resolved by discussion 
and consultation with a third researcher (PR). Full texts of the identified studies were obtained. 
Two researchers (AS and MI) examined these independently.

Data extraction
Two reviewers (AS and MI) extracted data regarding study design and characteristics, details 
of the intervention, and patient characteristics and outcomes into a specially designed form. 
Differences in data extraction were resolved by discussion, referring back to the original paper 
and in consultation with PR and NW.

Quality assessment
To assess the quality of the RCTs, the following criteria were used:

1. method and description of randomisation
2. description of attrition/losses to follow-up
3. specification of eligibility criteria
4. blinding
5. power calculation
6. robustness of outcome measurements
7. similarity of group participants at baseline
8. data analysis.

Overall study quality was rated as follows: A (all quality criteria met), B (one or more of the 
quality criteria only partially met) or C (one or more criteria not met).

Internal validity:

 ■ sample size
 – power calculation at design

 ■ selection bias
 – explicit eligibility criteria
 – proper randomisation and allocation concealment
 – similarity of groups at baseline
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 ■ performance bias
 – similarity of treatment other than the intervention across groups

 ■ attrition bias and intention-to-treat (ITT) analysis
 – all patients accounted for
 – number of withdrawals specified and reasons described
 – analysis undertaken on an ITT basis

 ■ detection bias:
 – blinding
 – objective outcome measures
 – appropriate data analysis
 – any potential conflict of interest was noted.

Results

Systematic reviews
Five good-quality systematic reviews were identified. These were ones that scored highly using 
the five quality criteria as used for the NHS Centre for Reviews and Dissemination Database of 
Abstracts of Reviews of Effects (DARE). Four of these met five quality criteria,38,95,179–181 and the 
other met four and was uncertain on one.182 These reviews do not include all of the trials now 
available, nor do they include recent papers from some trials which were available.

The AHRQ published a review of the evidence on the diagnosis, prognosis and treatment of 
IGT and IFG in 2005, which included six trials of lifestyle interventions.38 The authors included 
studies of > 6 months’ duration. As will be reported later, that seems too short because changes 
are often achieved with lifestyle interventions in the short term which do not persist. We 
preferred a minimum follow-up of 2 years. However, five of the six trials had a duration of 
≥ 2 years. A meta-analysis of four trials of combined diet and exercise gave a RR of 0.54 (95% 
CI 0.42 to 0.70). The review concluded that there was good evidence that lifestyle interventions 
could reduce the risk of diabetes in people with IGT.

The Diabetes Australia Guideline covered a wider range of topics, but included consideration 
of the roles of physical activity and diet in reducing the risk of diabetes.95 The guideline review 
concluded that exercise can slow the progression from IGT to T2DM, and that reduction in 
dietary fat, especially saturated fat, also reduces the risk of diabetes. It also concluded that a 
combined diet and exercise programme was more effective than either alone.

A review by Gillies et al. (2007),179 published during the preparation of this review, examined the 
evidence for both pharmacological and lifestyle interventions.179 They noted that the trials were 
heterogeneous in the interventions, ethnicity, weight and age, but they carried out meta-analyses 
that gave the following HRs:

 ■ diet 0.67 (95% CI 0.49 to 0.92)
 ■ exercise 0.49 (95% CI 0.32 to 0.74)
 ■ combined diet and exercise 0.49 (95% CI 0.40 to 0.59)
 ■ all studies pooled 0.51.

The studies that carried most weight in their meta-analysis were the Finnish DPS183 and the US 
DPP,108 which will be described in detail later. The longer term results from the Finnish trial were 
not then available.
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The Cochrane review by Norris et al. (2005)180 focused on weight loss or control. In four studies 
of at least 1 year’s duration, mean weight loss was 2.8 kg, and in the two studies of 2 years’ 
duration, it was 2.7 kg. The weight loss results from the DPP were larger (4.9 kg at 2 years) but 
were not included in the meta-analysis because of lack of data on distribution.

Yamaoka et al. (2005)182 reviewed trials on ‘long-term’ (but included studies of ≥ 6 months) non-
pharmacological weight loss interventions in pre-diabetes. They concluded that the incidence of 
T2DM could be reduced by about 50%. They excluded the DPP study,108 but concluded that the 
meta-analysis of smaller studies matched the results from DPP.

Two Cochrane reviews have looked at separate elements of lifestyle change. Nield et al. (2008)184 
set out to assess the effects of dietary advice for preventing T2DM but included only two trials, 
one being the Da Qing trial described later in this chapter. The other trial did not appear to be 
restricted to people with IGT. Nield et al. (2008)184 concluded that there was a lack of good data 
on prevention of T2DM by diet alone.

Orozco et al. (2008)185 assessed the effects of exercise alone or exercise and diet compared with 
standard advice. They concluded that the combination was effective, but not exercise alone.

Randomised trials
Nine RCTs comparing lifestyle intervention with standard care of IGT were identified: DPP,108 
Kosaka et al. (2005),186 Liao et al. (2002),187 Mensink et al. (2003),188 Oldroyd et al. (2006),189 Da 
Qing,190 Indian DPP,173 Finnish DPS183 and Wein et al. (1999).191

Some trials gave rise to many papers, only some of which are cited below. Where there are 
multiple papers from a study, we cite the website from where, in most cases, details of the 
protocol, copies of the papers and slides can be downloaded.

The Diabetes Prevention Program
The DPP study repository website contains full details of the DPP, including a complete protocol, 
results, and list of publications.192

Description and quality of study
The DPP included 3234 participants with IGT, and compared intensive dietary and physical 
activity advice with standard advice.108 The sample size necessary to achieve 90% statistical 
power was estimated to be 2279 participants. This was based on two main assumptions, (1) an 
expected conversion rate to diabetes of 6.5 per 100 person-years among participants assigned to 
the standard lifestyle recommendations plus placebo, and (2) that for participants assigned to 
intensive lifestyle or metformin intervention groups, the diabetes development HR is reduced by 
≥ 33%, i.e. to < 4.33 per 100 person-years. The primary outcome was development of diabetes by 
ADA criteria, using an OGTT.

Participants were recruited using a variety of methods including volunteering in response to 
advertisements, open screening and referral by health-care providers with the aim of recruiting 
≥ 50% women, ≥ 50% ethnic minority and roughly 20% aged ≥ 65 years old. Participants were 
randomised (stratified by clinical centre) into three treatment groups:

 ■ intensive lifestyle intervention
 ■ standard advice plus metformin
 ■ standard advice plus placebo.
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A fourth arm with randomisation to troglitazone was discontinued in 1998 once the toxicity of 
that drug was realised.

The treatment groups were similar at baseline with respect to age, sex, race, weight and BMI. 
Baseline physical activity was reported; one of the inclusion criteria for the DPP was being able 
to walk one-quarter of a mile in 10 minutes. Baseline leisure physical activity levels of the DPP 
participants using the modifiable activity questionnaire (MAQ) showed that women reported 
being less active than men (p < 0.0001), and older individuals (> 60 years of age) reported more 
leisure physical activity (p < 0.0001) than younger age groups.

Baseline diet in terms of total energy intake and fat consumption was reported for only the 
intensive lifestyle intervention group.193 Treatment regimens were reported in detail. Staff were 
provided with ongoing training and provision of intervention materials. Drug administration was 
double blind; however, if a diagnosis of diabetes was made then participants, investigators and 
primary care providers were unblinded to the diagnosis and measurements. It was not reported 
whether any concurrent medication (apart from metformin) was taken; however, participants 
were excluded at screening if they were using medications known to impair glucose tolerance. 
Patients were assessed over a mean follow-up of 2.8 years (range 1.8 to 4.6 years) using self-
reporting of diet and physical activity and using objective methods for all other measurements. 
Study attrition was 8% by the end of the study (92.5% had attended a scheduled visit within 
5 months of the close of the study). AEs were reported according to treatment group.

Participants
The DPP trial recruited 3234 overweight participants with IGT of ≥ 7.8 to < 11.1 mmol/l (2-hour 
plasma glucose detected by a 75 g OGTT) and a FPG of between 5.3 and 6.9 mmol/l.

Participants came from a range of ethnic groups: 54.7% were white, 19.9% were African 
American, 15.7% were Hispanic, 5.3% were American Indian and 4.4% were Asian. In total, 
67.7% were female and 69.4% had a family history of diabetes. The minimum age was 25 years. 
The mean age (± SD) of the 3234 participants was 50.6 ± 10.7 years and the mean weight was 
94.2 ± 20.3kg. The minimum BMI was 24 kg/m2. The majority of participants had a BMI of 
< 40 kg/m2; however, the BMI was ≥ 40 kg/m2 in 8% of men and 21% of women. The overall mean 
BMI was 34 kg/m2: 30.8% had BMIs of 30 kg/m2 to < 35 kg/m2 and 36.9% had BMIs of ≥ 35 kg/
m2, so overall 67.7% had BMIs of ≥ 30 kg/m2. In men, 56.5% had BMIs of ≥ 30 kg/m2, and 73% of 
women had BMIs of ≥ 30 kg/m2.

A history of and/or treatment for hypertension was present in 27% of participants. More than 
37% of men and 33% of women reported a history of and/or treatment for high cholesterol. 
The authors noted: ‘the DPP cohort includes individuals who are more overweight and 
hyperinsulinaemic and less hypertensive than the subjects in other studies’. As such, ‘DPP 
participants may be less susceptible to hypertension-related morbid events that may confound 
the secondary CVD outcomes attributed to IGT or hyperglycaemia per se’.192

One issue in interpreting trials is the representativeness of the recruits. Figure 5, below, shows the 
stages of recruitment to the DPP.

About 80% of the 158,177 potential participants were eliminated between steps 1 and 2. About 
one-third gave no reason for exclusion, but for those for whom a reason was available it was 
found that the five primary reasons for stopping after step 1 included (1) choosing not to have an 
OGTT (18%); (2) being excluded because the finger-stick glucose reading was outwith the entry 
criteria (17%); (3) BMI (12%); (4) being excluded because taking medications, such as thiazide 
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diuretics, was likely to confound assessment for diabetes (7%); and (5) being given a diagnosis of 
diabetes (6%).

There was another large reduction (26,266 individuals) at step 2, which involved administration 
of an OGTT to determine glucose tolerance criteria for eligibility. About two-thirds of these were 
people whose fasting or 2-hour OGTT results were not in the eligible range. Many people were 
excluded at this stage for more than one reason. Step 3 was a 3-week run-in period; 81% (3819) 
who started the run-in were eventually randomised to one of the study arms.

Most of the exclusions of the initial volunteers, therefore, were based on plasma glucose results. 
However, many people selected themselves out, and this should be borne in mind when 
considering the generalisability of the results.

Intervention
In the DPP trial, the intensive lifestyle intervention group was assigned a goal of achieving and 
maintaining at least 7% weight loss through low-calorie, low-fat diet and moderate-intensity 
physical activity (at least 150 minutes/week). Participants were encouraged to achieve the 
weight loss (through reduction in dietary fat intake to < 25% of calories) and exercise goals 
within the first 24 weeks. Sixteen individual (one-to-one) sessions with a case manager (‘lifestyle 
coach’) within this time covered general information about diet and exercise and behaviour 
strategies, such as self-monitoring, goal-setting, stimulus control, problem-solving and relapse 
prevention training (i.e. resource intensive). During maintenance, group courses were offered 
every 3 months on topics related to exercise, weight loss or behaviour issues. Two comparator 
groups were randomised to standard lifestyle advice with either placebo (tablets twice daily) 
or metformin (850 mg twice daily). The standard lifestyle advice (given to all participants 
including the intensive lifestyle intervention group) consisted of written information and a 
20- to 30-minute individual advice session recommending 5–10% weight loss and 30 minutes 
of physical activity 5 days a week. In addition, participants were advised to avoid excessive 
alcohol intake and stop smoking. Participants were reviewed annually. The average duration of 
intervention and follow-up was 2.8 years (range 1.8 to 4.6 years).

Results
Primary outcomes
Progression to diabetes The DPP assessed the incidence of diabetes by annual OGTT testing or 
semi-annual FPG testing over 4 years. In addition, testing was prompted if symptoms arose that 

Step 1: Screening 158,177

30,985

4719

4080

3819

Step 2: OGTT

Step 3A: Start run-in

Step 3B: End run-in

Step 4: Randomisation

Exclusion reasons at Step 1
Participant interest
Finger-stick glucose
BMI
Medical conditions
Diabetes
Other
No reason given

28,653
27,692
19,387
10,960

9693
10,185
51,467

Exclusion reasons after Step 2
2-hr glucose
Fasting glucose
No consent
No run-in
Unwilling to randomise
Other

20,750
12,315

2021
1748
801

10,552

FIGURE 5 Screening and recruitment for the DPP. Reprinted from Controlled Clinical Trials, volume 23, Rubin et al., 
authors, The Diabetes Prevention Program: recruitment methods and numbers. pp. 157–171. Copyright (2002) with 
permission from Elsevier.
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were suggestive of diabetes. Results were expressed in four ways: (1) the number of cases per 100 
person-years; (2) per cent reduction in incidence; (3) estimated cumulative incidence at 3 years; 
and (4) number needed to treat (NNT) one patient with diabetes.

The number of cases per 100 person-years was significantly lower in the lifestyle intervention 
and metformin groups than in the placebo group (4.8, 7.8 and 11.0 in the lifestyle, metformin 
and placebo groups, respectively) equating to 58% (95% CI 48% to 66%) and 31% (95% CI 17% 
to 43%) lower incidence in the lifestyle and metformin groups, respectively, compared with 
the placebo group. At 3 years the estimated cumulative incidence of diabetes was 14.4%, 21.7% 
and 28.9% in the lifestyle, metformin and placebo groups, respectively (so they were quite a 
high-risk group).

The NNT to prevent one case of diabetes during a 3-year period was estimated to be 6.9 for the 
lifestyle intervention and 13.9 for metformin. The authors stated:

the incidence of diabetes in the placebo group was higher than expected perhaps owing 
to greater frequency of glucose testing or selection of persons at higher risk.108

Subgroup analysis (note: the study had inadequate power for this analysis) found that treatment 
effects did not differ significantly according to sex, race or ethnic group; however, the effect of 
the lifestyle intervention was significantly greater among participants with lower baseline glucose 
concentrations 2 hours after glucose load. Similarly, the effect of the lifestyle intervention over 
metformin was greater in older participants and those with lower BMIs. The authors stated:

The racial and ethnic-group differences in incidence of diabetes were perhaps reduced 
by the selection of participants who were overweight, and had elevated fasting and post-
load glucose concentrations which are three of the strongest risk factors for diabetes.108

After adjustment for weight change in the lifestyle group, no independent effects of increased 
physical activity or decreased per cent fat on diabetes risk were found.193

Several different measures of body size at baseline were predictive of the subsequent development 
of diabetes.83 When analysed at 3.2 years, large WC at baseline was a better predictor of risk for 
developing diabetes in both sexes than other measures in the placebo and lifestyle groups. The 
HR for WC was 1.29 (p < 0.01) and 1.53 (p < 0.01) for women in the placebo and lifestyle groups, 
respectively, and 1.43 and 1.49 for men (adjusted for age and self-reported race/ethnicity) relative 
to smaller waists. A graded increase in the risk of developing diabetes was seen as the tertile of 
WC increased in both lifestyle and placebo groups.

The age of participants had an impact on progression to diabetes.194 Diabetes incidence rates 
did not vary by age in the placebo group (11, 10.8 and 10.3 cases per 100 person-years in young, 
middle-aged and older groups, respectively, p = 0.71). In contrast, intensive lifestyle intervention 
was more effective with increasing age (6.3, 4.9 and 3.3 cases per 100 person-years, in the 25- to 
44-year, 45- to 59-year and 60- to 85-year age groups, respectively, p = 0.007). Those in the oldest 
age group lost more weight and were more physically active.

Diabetic retinopathy was detected in 12.6% of the participants who developed diabetes during 
the DPP compared with 7.9% of those who did not (p = 0.03). The only characteristics reported 
to be different between those who developed retinopathy and those who did not were HbA1c level 
(6.4% ± 0.55% vs 6.2% ± 0.63%; p < 0.05 – as reported in the paper, although the difference of only 
0.2% seems trivial) and systolic blood pressure (SBP) (128 mmHg vs 125 mmHg; p < 0.05).195
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Regression to normal glucose values The DPP measured FPG and HbA1c levels in all participants 
every 6 months for up to 4 years. Both FPG and HbA1c levels changed significantly over the time 
of the study. In the first year, the FPG of the lifestyle and metformin groups decreased; however, 
in subsequent years the FPG values increased and returned to baseline levels by 2.5 years; further 
increases were observed thereafter up to 4 years (significant difference between groups; p < 0.001). 
In the placebo group, FPG values increased at each time point from baseline up to 4 years 
(significant difference between groups 0.5–3 years; p < 0.001). HbA1c values showed a similar 
initial decrease in the lifestyle and metformin groups; however, both groups showed an increase 
thereafter with the metformin group lying between lifestyle and placebo values, as shown in 
Figure 6. At the start, the HbA1c level was 5.9%. At 4 years, the means were, approximately, 
placebo 6.1%, lifestyle 6.0% and metformin 6.0%.

The placebo group saw a constant increase in values from baseline to 4 years. The percentage of 
participants with normal glucose concentrations was greater at all time points up to 4 years in 
the lifestyle intervention group compared with both metformin and placebo groups. At 4 years, 
the percentages with normal fasting glucose were lifestyle 54.1%, metformin 45.1% and placebo 
43.8%. The percentages with normal 2-hour glucose were lifestyle 37.8%, metformin 27.9% and 
placebo 24.2%. The percentages with both normal fasting and 2-hour glucose levels were lifestyle 
29.6%, metformin 19.7% and placebo 17.2%. There were no differences in the percentages 
reverting to NGT among the age groups.164

The 10-year results showed continuing but reduced benefit, with the cumulative incidence of 
diabetes reduced by 34% in the lifestyle group (and by 18% in the metformin group). This was 
despite all groups being offered a modified form of the original intervention (in groups rather 
than 1 : 1) after the end of the trial, and despite the metformin group being allowed to continue 
on the drug.

Adverse events Gastrointestinal symptoms were less frequent in the lifestyle group than in the 
placebo group (12.9/100 person-years vs 30.7/100 person-years, p < 0.02), whereas the rate of GI 
symptoms was significantly higher in the metformin group than in the placebo group (77.8/100 
person-years vs 30.7/100, p < 0.02). The rate of musculoskeletal symptoms was significantly 
higher in the lifestyle group (24.1/100 person-years) than in both the metformin and placebo 
groups (20.0 and 21.1/100 person-years, respectively). No significant differences between groups 
were seen in hospitalisation or deaths.
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FIGURE 6 Mean change in HbA1c level vs years from randomisation in the DPP. Reprinted with permission from the 
Massachusetts Medical Society. The Diabetes Prevention Program Research Group. Reduction in the incidence of type 
2 diabetes with lifestyle intervention or metformin. N Engl J Med 2002;346:393–403.108
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Secondary outcomes
Weight loss Data on weight change were available for 3085 participants at 6 months, 3064 
participants at 1 year, 2887 at 2 years and 1510 at 3 years. Participants assigned to the lifestyle 
intervention had significantly greater weight loss than participants assigned to receive metformin 
or placebo. Over 4 years the average weight loss was 5.6 kg, 2.1 kg and 0.1 kg in the lifestyle, 
metformin and placebo groups, respectively (p < 0.001).

Weight loss, reduction in WC and percentage of participants who achieved the 7% weight loss 
goal all increased with age.194 The percentages of participants who achieved the weight loss 
goal (7%) of body weight were 25–44 years = 33%, 45–59 years = 39% and 60–85 years = 55%. 
Participants aged 60–85 years had the most weight loss.

At the 10-year follow up, the lifestyle group had regained most of the weight, going from a nadir 
of a mean 7 kg reduction at 1 year back up to a mean weight loss of 2 kg.

What makes the difference? One of the papers from the DPP explored the relative contributions 
of the changes in weight and exercise achieved by studying the intensive lifestyle group.193 Dietary 
and exercise data were collected by questionnaires. The number of participants with ≥ 3-year or 
longer follow-up was only 638 because recruitment went on until May 1999 and the data were 
collected at end of July 2001.

Hamman et al. (2006)193 reported that the mean weight loss at 3 years was 4.1 kg. Physical activity 
increased at each year end compared with baseline. The percentage of calorie intake from fat fell 
from 34% at baseline to 28% at the end of year 1. A total of 153 participants developed diabetes 
– a rate of 5 per 100 person-years. When all of the changes were examined in a multivariate Cox 
model, weight loss was the dominant factor. Even small amounts of weight loss helped – on 
average there was a 16% reduction in the risk of diabetes per kilogram of weight loss. Weight loss 
reduced diabetes incidence similarly across all race/ethnicity groups, for both sexes, for all ages, 
and for several levels of physical activity, regardless of the level of initial obesity.

Hamman et al. (2006)193 then looked at the effects of meeting the various goals at year 1, dividing 
participants into eight subgroups. The subgroup that met all of the goals had the lowest risk of 
diabetes, with an 89% reduction in risk (HR 0.11, 95% CI 0.05 to 0.24; p < 0.0001) compared with 
the group meeting none of the goals. Weight loss was responsible for much of the reduction, 
but there was halving of the incidence of diabetes in those who met the physical activity goal 
(150 minutes of moderate-intensity activity per week) as shown in the comparison of subgroups 
3 and 4 compared with 1 and 2. The reduction was 46% after adjusting for baseline variables 
and 44% (HR 0.56; 95% CI 0.36 to 0.89; p = 0.012) after adjusting for weight loss over follow-up. 
There is of course an interaction, in that increased physical activity helped to sustain weight loss. 
However, among 495 recruits who did not achieve the 12-month weight loss target (7% or 6.6 kg 
on average), the incidence of diabetes was reduced by 44% in those who achieved the physical 
activity target. Note that this group did lose some weight (mean 2.6 kg) but adjustment for this 
had little impact on the effect of physical activity.

The results may also indicate that at least ~150 minutes per week of moderate activity are 
required before an effect on diabetes risk is achieved.

Adherence
Dietary intake DPP examined the adherence of participants to intervention. Diet adherence was 
assessed at 1 year only and showed that the lifestyle group had a significantly greater reduction 
in daily energy intake over the first year than metformin and placebo groups (–450, –296 and 
–249 kcal, respectively; p < 0.001). This was associated with a significantly greater change in 



44 Systematic review of clinical effectiveness

the average intake of fat from baseline to 1 year (–6.6%, –0.8% and –0.8% of total calories, 
respectively; p < 0.01). Data for longer time points were not reported. There was no significant 
difference in reduction of reported caloric intake among different age groups, although older 
(60–85 years) recruits reduced calorie intake less (by 10% at 12 months) than younger recruits 
(25–44 years; 18%).194

Physical activity Compared with baseline, all study groups had increased their physical activity 
at 1, 2, 3 and 4 years. However, participants in the lifestyle intervention group had significantly 
greater change in physical activity at all time points than both the metformin and placebo groups, 
the physical activity of which increased only slightly over baseline values.108 The authors stated:

After adjustment for weight change no independent effect of increased physical activity 
or decreased per cent fat on diabetes risk was found.193

Paradoxically, those participants who met the physical activity goal of 150 minutes/week of 
moderate activity had a 44% reduction in diabetes risk, independent of weight loss.

In a representative sample of DPP lifestyle participants (n = 274; 94% of the final 293 lifestyle 
participants randomised), characteristics that correlated with high levels of baseline, 1-year 
and end-of-study physical activity were (1) being a man and (2) having lower BMI and lower 
perceived stress, depression and anxiety scores at baseline. Higher baseline BMI and being a 
woman correlated with lower baseline, 1-year and end-of-study physical activity levels, with 
women having significantly higher BMIs and higher levels of depression, anxiety and perceived 
stress than men.196

Older age was an independent predictor of achieving the goal of 150 minutes of physical activity 
at 1 year and 2 years. Lifestyle participants aged > 60 years achieved greater minutes of physical 
activity and greater per cent weight loss and greater risk reductions for developing diabetes (71% 
risk reduction compared with 48% risk reduction in persons aged 25–44 years). Higher levels 
of baseline physical activity correlated with greater readiness to change physical activity levels 
(p < 0.0001) and lower levels of perceived stress (p = 0.009), depression (p < 0.003), and anxiety 
(p = 0.03) at baseline, 1-year and end-of study levels.196

Perhaps time is a factor, with those who are older having more time post retirement. The 
older age groups had the highest MET-hours of activity and did better with lifestyle change 
than younger groups, although it should be noted that they started leaner and with better 
insulin sensitivity.194

Metabolic syndrome Recruitment to DPP was on the basis of IGT, but a later paper by Orchard 
et al. (2005)197 reported the prevalence of metabolic syndrome at baseline and the effects of 
the interventions.

The metabolic syndrome was defined by the criteria from the National Cholesterol Education 
Program’s Adult Treatment Panel III, with three or more of the following:

 ■ WC of > 102 cm in men and > 88 cm in women
 ■ serum triglyceride level of at least 1.7 mmol/l
 ■ HDL-C level of < 1.03 mmol/l in men and < 1.3 mmol/l in women
 ■ blood pressure of ≥ 130/85 mmHg
 ■ FPG level of 6.2 mmol/l.
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The metabolic syndrome was present in 53% (n = 1711) of the 3234 participants at baseline, 
with little variation by age. After 3 years, the prevalence of the metabolic syndrome increased 
from 55% at baseline to 61% in the placebo group (p = 0.003), did not change (54–55%) in the 
metformin group (p > 0.2) and decreased from 51% to 43% (p < 0.001) in the lifestyle group. The 
decrease in the lifestyle group correlated most strongly with decreases in WC and blood pressure.

Fujimoto et al. (2007)198 examined the relationship between changes in body fat and progression 
to diabetes by 1 year. At baseline, recruits were mainly obese, with mean BMI of 32.1 kg/m2 in 
men and 33.0 kg/m2 in women. Visceral and subcutaneous fat was measured by CT, as well as by 
standard measurements such as BMI. The lifestyle group had big reductions in both visceral fat 
(reduced at L2–3 by 24% in men and 18% in women at 1 year) and subcutaneous fat (again at 
L2–3, reduced by 16% in men and 11% in women). Progression to diabetes was associated with 
fat changes differently in the arms of the study. In the metformin group, the reduced diabetes risk 
was independent of body fat changes. In the placebo group, only the subcutaneous fat changes 
correlated with diabetes risk, and then only in men. In the lifestyle group, all of the fat variables 
correlated with diabetes reduction in men. In women, weight, BMI and WC were significant 
predictors but the association with visceral fat did not quite reach statistical significance.

After the end of the randomised trial, all three groups (lifestyle, metformin and placebo) 
were offered the lifestyle intervention, albeit in groups rather than the original individualised 
provision. At the 10-year follow-up, the original lifestyle group had regained about 5 kg of their 
original (by 12 months) 7 kg weight loss, so that by 10 years their weight was little different from 
the metformin group, who lost about 2.5 kg.199 However, the incidence of diabetes by 10 years 
remained lower in the former lifestyle (by 34%) group and metformin (by 18%) group than 
in the former placebo group. The onset of T2DM was delayed by about 4 years with lifestyle 
and by about 2 years by metformin. One feature of note was that not only was the best effect of 
lifestyle seen in the 60- to 85-year age group, but also that this group had no significant response 
to metformin.199

Perreault et al. (2009)200 noted that in some diabetes prevention trials, glucose tolerance regressed 
to normal, and used DPP data to examine the factors that were associated with this. The factors 
included baseline evidence indicating a milder condition (lower baseline FPG and 2-hour plasma 
glucose) and those indicating response to the intervention, especially greater weight loss. As 
reported by Hamman et al. (2006)193 for every 1 kg weight loss there was a 16% reduction in 
diabetes risk, and it was the most important predictor of regression.193 However, Perreault et al. 
(2009)200 noted that intensive lifestyle interventions appeared to have other components that were 
independent of weight loss, most probably physical activity.

In another paper, Perreault et al. (2008)201 noted that meeting the goals of the lifestyle 
intervention was a strong predictor of reduction in progression to diabetes. However, men in the 
lifestyle arm met more goals than women but had the same progression to diabetes. Perreault et 
al. (2009)200 explain this on the basis that men were at higher risk from baseline.

The DPP also examined changes in cardiovascular risk factors over time, and found that among 
those who progressed to diabetes, there were rises in blood pressure and triglycerides, and 
a fall in HDL-C.202 These changes were statistically significant, although quite small. Those 
who regressed from IGT to NGT showed reductions in blood pressure and triglycerides, and 
improvements in HDL-C levels. These improvements in HDL-C levels were more marked in the 
lifestyle group than in the metformin one, and LDL cholesterol (LDL-C) also fell in the lifestyle 
group. Goldberg et al. estimated that in the lifestyle group these changes should bring about a 
10–13% reduction in heart disease.
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The effect of metformin has been examined in several of the DPP papers. In the main study 
report it was noted that metformin reduced the risk of diabetes by 31%.108 However, the effects 
varied among groups. Metformin had little effect in the oldest age group, whereas lifestyle 
change was more effective with increasing age.194 Crandall et al. (2006)194 suggest that this may be 
related to the oldest age group (60–85 years) being leaner, and having less insulin resistance, at 
baseline. Metformin may work by reducing insulin resistance and the older group will have less 
to gain. Another DPP paper reported that metformin was effective mainly in those with BMIs of 
> 35 kg/m2. In this BMI subgroup, metformin was as effective as lifestyle.83

Some of the benefits of metformin were the result of weight loss rather than improvements in 
insulin sensitivity.203 Lachin et al. (2007)203 estimated that 64% of the metformin benefit was 
mediated through weight loss. Interestingly, they note that the effect of weight loss achieved with 
metformin appears to be less than the same weight lost by lifestyle change.

Most DPP papers report prevention of diabetes, but the 10-year follow-up199 also reported that 
diabetes was delayed, with the time at which 40% of the (high-risk) groups progressed to diabetes 
being 4 years later with lifestyle and 2 years later with metformin compared with placebo.

Ackermann et al. (2009)204 estimated the direct utility of weight loss, after adjusting for a range of 
possible confounding factors. They used the SF-6D utility measure, and estimated that there was 
a gain in utility of 0.007 (on a scale of 0.29–1.00) for every 5 kg of weight loss. Although this fell 
below the minimum effect size that was deemed to be clinically important (0.04), they considered 
that the change could improve cost-effectiveness if sustained for years.

In summary, DPP found that intensive diet and exercise intervention in those with IGT 
significantly reduced the incidence of diabetes by 58% compared with standard lifestyle advice. 
The reduction was sustained, with a cumulative incidence of diabetes at 6 years of 23% in the 
intervention group, compared with 38% in the control groups. At 10 years, the incidence of 
diabetes was 34% lower in the lifestyle group and 18% lower in the metformin group compared 
with the control group. This was despite the lifestyle group regaining much of the 7 kg weight lost 
in the first year.

The Finnish Diabetes Prevention Study
Data were obtained from the main study by Tuomilehto et al. (2001),183 with supplementary 
information cited where appropriate from additional DPS papers.205–219

Description and quality of trial
This RCT of 523 participants with IGT in Finland compared intensive lifestyle intervention 
with a control group. Participants were recruited by screening high-risk individuals (e.g. obese 
subjects or first-degree relatives of those with T2DM), who were identified through previous 
epidemiological surveys and advertisements. Those with IGT (according to WHO 1985 criteria) 
on two separate OGTTs were recruited. Additional inclusion criteria were age 40–64 years 
and BMI of > 25 kg/m2. Power calculation estimated that, in order to detect a 35% reduction in 
incidence of diabetes with 80% power at 5% significance level, 3252 person-years were required, 
i.e. 650 subjects to be followed for 5 years or 542 subjects to be followed for 6 years. A total of 523 
participants were randomised into two groups: a diet-plus-exercise group and a control group.

Treatment groups were not significantly different at baseline apart from two measurements: SBP 
and per cent total energy consumed as saturated fat (see Participants, below). Treatment regimens 
were reported in detail. Use of concurrent medication was reported. Participants were assessed 
over 6 years (mean follow-up 3.2 years) using subjective self-reporting of diet and physical 
activity, and using objective measures for all other outcomes. Forty subjects (8%) withdrew from 
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the study: 23 in the intervention group and 17 in the control group. Of these, nine could not 
be contacted, three withdrew because of severe illness, one died and 27 withdrew for personal 
reasons. AEs were not reported. No conflict of interest was reported.

Participants
Tuomilehto et al. (2001)183 recruited 523 Finnish men and women with IGT (as defined by WHO 
1985 criteria: FPG of < 7.8 mmol/l and/or 75 g OGTT 2-hour ≥ 7.8 mmol/l and < 11.1 mmol/l). 
Exclusion criteria were: previous diagnosis of diabetes mellitus [other than gestational diabetes 
mellitus (GDM)]; persons involved regularly in a vigorous exercise programme; subjects 
receiving treatment to lower blood pressure other than routine dietary and health advice; persons 
with any chronic disease making a 6-year survival improbable; other medical characteristics that 
were likely to interfere with participation in the study; and subjects with clinical conditions, such 
as thyroid and liver diseases, which could interfere with glucose metabolism. The male–female 
ratio was 33 : 67 and mean age (years ± SD) was 55 ± 7 years. Mean BMI was 31.4 ± 4.6 kg/m2 in the 
intervention group and 31.0 ± 4.5 kg/m2 in the control group, and mean weight was 86.7 ± 14.0 kg 
versus 85.5 ± 14.4 kg, respectively. Sixty-six per cent of participants in the intervention group 
had first-degree relatives with diabetes compared with 61% in the control group. Five per cent of 
the intervention group were taking cholesterol-lowering drugs compared with 6% of the control 
group; 30% of the intervention group were taking antihypertensive drugs compared with 31% of 
the control group. Subjects receiving treatment to lower blood glucose were excluded. Baseline 
characteristics were similar across groups apart from (1) SBP (± SD) at baseline was slightly, 
but significantly, higher in the diet-plus-exercise group than in the control group (140 ± 18 vs 
136 ± 17; p = 0.03 between groups) and (2) proportion (% ± SD) of total energy consumed as 
saturated fat was significantly higher in the control group [17 ± 4.3 percentage total energy (E%)] 
than the intervention group (16.2 ± 4.0 E%; p = 0.019 between groups).

A further paper209 reported the prevalence of the metabolic syndrome, using a modified WHO 
definition. In the DPS cohort, 78% of the men and 72% of the women had the metabolic 
syndrome. The mean BMI was higher in women (32 kg/m2) than in men (30 kg/m2) but WHR 
was higher in men. Men had slightly higher diastolic blood pressure (DBP) and FPG, but lower 
HDL-C. Obesity was seen in 96.5% of men and 66.3% of women, hypertension in 62.9% of men 
and 60.9% of women, and dyslipidaemia in 51.2% of men and 48.6% and women.

Intervention
Participants were randomised to two groups: (1) intensive lifestyle (diet-plus-exercise) group and 
(2) control group. Participants randomised to the diet-plus-exercise intervention group (n = 265) 
received 15 individual sessions with a nutritionist over 3 years. Participants were advised to 
consume a diet with: 50% of daily calories from carbohydrates; < 30% fat; < 10% from saturated 
fat; < 20% from mono- and polyunsaturated fat; < 300 mg/day cholesterol; ≥ 15 g/1000 kcal fibre 
and approximately 1 g protein/kg ideal body weight/day. Additional topics covered included 
diabetes risk factors, problem-solving and physical activity. Attendances at further group 
sessions, expert lectures, low-fat cooking lessons and visits to local supermarkets was encouraged. 
Participants were also encouraged to lose weight at a rate of 0.5–1 kg/week towards a goal of BMI 
of < 25 kg/m2 or ≥ 5% weight reduction. (Note: in 48 participants very low-calorie diets were 
considered after 6 months.) Participants had their level of physical activity assessed individually 
and were advised to increase their overall level of physical activity making use of supervised 
(and individualised) exercise sessions (endurance training, resistance training and voluntary 
group walking). The control group were given general information at baseline about lifestyle 
and diabetes risk. They were advised to adjust their diet to reduce BMI to < 25 kg/m2, consume 
< 30% energy as fat, reduce alcohol intake and stop smoking. Counselling was done individually 
or in one group session (but not individualised, i.e. not tailored to the individual) with annual 
follow-up visits.
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The cost of the intervention diet was, if anything, slightly less than their usual diet had been.216 
Dietary fibre and fat contents were strong predictors of success, even after adjustment for 
weight loss.213

Results: primary outcomes
Progression to diabetes Tuomilehto et al. (2001)183 assessed the incidence of T2DM (WHO 1985 
criteria) by annual oral glucose tolerance testing for up to 6 years (mean follow-up 3.2 years). 
Results were expressed in a number of ways. First, the cumulative incidence of diabetes (years 
1–6) was significantly lower (58%) in the intervention group than in the control group [year 1, 
5 (2%) in intervention group vs 16 (6%) in control group; year 2, 15 (6%) in intervention group 
vs 37 (14%) in control group; year 3, 22 (9%) in intervention group vs 51 (20%) in control 
group; year 4, 27 (11%) in intervention group vs 53 (23%) in control group; year 6, 27 (10%) 
in intervention group vs 59 (23%) in control group; RR = 0.4; p < 0.001 between groups]. The 
absolute incidence of diabetes (number of cases per 1000 person-years) was 32 cases per 1000 
person-years in the intervention group compared with 78 per 1000 person-years in the control 
group. Tuomilehto et al. (2001)183 concluded that 22 subjects with IGT must be treated for 1 year 
(or five subjects for 5 years) to prevent one case of diabetes.

In a later publication, in which mean follow-up was 4.1 years, 114 of the participants 
(intervention and control group combined) had been diagnosed with diabetes.214 Those who 
developed diabetes were more obese at baseline and had higher fasting and 2-hour plasma 
glucose values. Study authors noted that ‘those subjects who developed diabetes during the first 
2 years of the trial did not have a 3 year examination’ [also noted in the 4-year publication by 
Uusitupa et al. (2003)218]; this may have affected the apparent effectiveness of the intervention.

Results: secondary outcomes
Weight loss Tuomilehto et al. (2001)183 assessed weight loss annually using standard methods. 
Results were presented as mean change in body weight (kilograms and per cent) from baseline to 
year 1 and year 2. The study found that both groups had lost weight at both time points but the 
intervention group had significantly greater weight loss than the control group (4.2 kg vs 0.8 kg 
at 1 year; p < 0.0001; and 3.5 vs 0.8 kg gain at 2 years; p < 0.001). By 3 years the weight reductions 
were 3.5 kg in the intervention group and 0.9 kg in the control groups.215

BMI was also assessed annually and showed a similar significantly greater improvement in the 
intervention group (–1.3 kg/m2) compared with the control group (–0.3 kg/m2) (p < 0.0001 for 
year 1 and year 3 between groups).

At the 7-year follow-up, the control group had lost 0.7 kg since baseline, and the intervention 
group 3.1 kg, and the modelling showed that weight loss was the main predictor of success. 
Weight loss did not vary by level of education when level of education was divided into tertiles.220

Blood pressure (1-year data from Tuomilehto et al. (2001);183 Uusitupa et al. (2000)219 based on 
‘incomplete database’183) Blood pressure levels improved significantly more in the intervention 
group than in the control group. SBP fell 5 mmHg in the intervention group and did not change 
in the control group when measured at 2 years (p = 0.0005). DBP fell 5 mmHg in the intervention 
group and 3 mmHg in the control group, p = 0.0125 (derived from the AHRQ review38).

Adherence
Dietary intake Tuomilehto et al. (2001)183 examined the adherence of participants to intervention. 
Diet adherence was assessed subjectively over the first year by examining self-reported 3-day 
food records filled in by participants and completed four times during the year. Data were 
presented as percentage of groups achieving specific dietary goals. From baseline to year 1, 
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compared with the control group, a significantly greater (p = 0.001) proportion of participants in 
the intervention group achieved separate goals of fat intake < 30% total energy (47% intervention 
group vs 26% control group), saturated fat intake < 10% total energy intake (26% vs 11%) and 
fibre intake > 15 g/1000 kcal (25% vs 12%). Change in dietary intake from baseline to 1 year and 
3 years was reported in detail in Lindstrom et al. (2003).215 Compared with the control group, the 
intervention group showed a significant decrease in total energy consumed (kcal/day), E% as fat, 
saturated fat (E%) and monounsaturated fat (E%) from baseline to year 1 and year 3. Similarly, 
the intervention group showed a significant increase from baseline at 1 year and 3 years in E% 
of carbohydrates, fibre density (g/1000 kcal) and intake of both water-soluble and insoluble fibre 
(g/1000 kcal) compared with control groups. No significant differences between groups were seen 
in alcohol or polyunsaturated fat consumption.

The association between dietary macronutrient composition and change in body weight and WC 
and diabetes risk was assessed using DPS data.213

During a mean follow-up of 4.1 years, weight loss was related to an increase in fibre [p-value (p) 
for trend = 0.001] and decrease in fat (p for trend = 0.018) and energy density (p for trend = 0.001). 
Reduced diabetes risk was associated with higher fibre density (p for trend = 0.01) and lower 
fat intake (p for trend = 0.004), after adjusting for group assignment, sex, age, baseline weight, 
baseline 2-hour glucose, physical activity and baseline intake. This result did not change 
significantly when further adjusted for weight change.

Therefore, it would seem that a high-fibre, low-fat diet can result in sustained weight reduction, 
and it can significantly decrease the risk of progression to diabetes, even independently of 
weight loss.

The authors doubted the accuracy of some of the self-reported dietary changes:

 ■ The energy intakes calculated from the food records revealed that under-reporting 
had taken place.

 ■ Overweight and obese people are known to be even more prone to dietary under-
reporting than normal-weight people.

 ■ Individuals who succeeded in weight reduction were possibly more likely to report 
consuming the recommended diet.

Adherence
Physical activity Adherence to physical activity guidance was assessed at baseline and at every 
annual visit using the Kuopio Ischaemic Heart Disease Risk Factor Study 12-month LTPA 
quantitative questionnaire. The duration (minutes per week) of total physical activity and 
moderate- and high-intensity LTPA were calculated. Lindstrom et al. (2003)215 reported changes 
from baseline to year 1 and year 3: 86% of the intervention group compared with 71% of the 
control group (p = 0.001) achieved the exercise goal at year 1.215 These showed that compared with 
the control group (n = 250), the intervention group (n = 256) showed no significant difference 
in total LTPA at either time point but a significant increase in the minute/week spent doing 
moderate-to-vigorous LTPA: baseline to year 1, +49 minutes in intervention group compared 
with +14 minutes in control group (p = 0.0073); baseline to year 3, +61 minutes in intervention 
group compared with +6 minutes in control group (p < 0.0057).

Compared with the control group, significantly fewer individuals in the intervention group were 
classified as sedentary at year 1 (14% intervention group vs 30% control group; p < 0.001) and 
year 3 (17% intervention group vs 29% control group; p = 0.028). The study authors noted that:
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Frequency, duration, and intensity of leisure time and lifestyle physical activity during 
the preceding 12 months was estimated by the participants at each annual visit. It was 
not straightforward and may have been incomplete due to difficulty recollecting.215

Laaksonen et al. (2005)212 provide further analysis of physical activity data from an extended 
follow-up to a mean of 4.1 years, compared with the original trial end of 3.2 years. During this 
time, the randomised allocation and intervention was maintained.210

Questionnaires were completed each year. Moderate to vigorous exercise was defined as ≥ 3.5 
METs. The intervention group reported an increase of about 48 minutes per week in this level of 
exercise; the control group reported little change. The main difference was in what was classed as 
‘strenuous structured’ physical activity (other than walking).

There was a dose–response relationship. Those who increased exercise the most were > 60% less 
likely to develop diabetes, although this difference was slightly reduced after adjusting for weight 
loss – the RR in the highest tertile of activity then became 0.51 compared with the lowest tertile. 
Participants whose increase in walking for exercise was in the upper third were 59% less likely to 
develop diabetes than those whose change was in the lower third, independent of other factors.

The most common form of LTPA was walking and the second most common was cycling. 
Non-leisure activity included gardening and shovelling snow. The conclusion is that increasing 
physical activity may substantially reduce the incidence of T2DM in high-risk individuals. A key 
message from a public health standpoint would be that at least 2.5 hours/week of walking for 
exercise during follow-up seemed to decrease the risk of diabetes by 63–69%, largely independent 
of dietary factors and BMI.

Fibrinolysis One question for this review is whether or not interventions to reduce progression 
to diabetes would also reduce the increased risk of CVD in people with IGT. A substudy of the 
Finnish DPS183 examined changes in fibrinolytic activity. A reduction in fibrinolytic activity is 
thought to increase CVD. Hamalainen et al. (2005)206 reported that in five centres improvement 
in fibrinolytic activity was seen by 1 year [31% reduction in plasminogen activator inhibitor-1 
(PAI-1)].206 In one centre (Turku) it was measured again at 3 years and was shown to persist. 
The factor that most explained the improvement was weight loss. Hence, it appears that 
cardiovascular risk is also reduced by lifestyle change.

Post-intervention follow-up after discontinuation of the intervention After a median of 4 years of 
active intervention period, participants who were still free of diabetes were further followed 
up for a median of 3 years, with median total follow-up of 7 years. No further intervention was 
provided but the participants were seen annually by the study nurse (which could be regarded as 
an intervention).214

Participants were divided into six groups according to how many lifestyle goals were achieved, so 
that group 5 achieved all and group 0 achieved none. Table 3 shows the incidence of diabetes for 
each group, expressed as a ratio to group 0.

In terms of incidence per 100 person-years, group 0 had a rate of 8.4 and group 4/5 a rate of 2.0.

Weight loss from baseline was strongly associated with the other goals, as is shown by the weight 
loss in each group (Table 4).

Lindstrom et al. (2006)214 also examined the incidence of diabetes in the post-intervention years, 
and showed that it remained 36% lower because most of the intervention group maintained their 
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lifestyle changes. However, the difference between the incidence in the intervention and control 
groups narrowed with longer follow-up, from a RR reduction of 58% at the study end at 3 years to 
a 43% reduction at 7 years.

The results vary according to whether ITT analysis is used, because not all of the intervention 
group complied. If only those who achieved high success scores are considered then reduction in 
diabetes is much greater. Weight reduction appeared to be the most important factor.

Baseline factors and diabetes risk A further study212 examined whether baseline factors 
predicted response. This could be important if there was scope for selecting those most likely to 
respond. They looked at the effect of gender, age, BMI, 2-hour plasma glucose and the Finnish 
Diabetes Risk Score (FINDRISC). HRs for diabetes in the intervention group compared with 
the control group were calculated. The effect of the intervention increased with age (HRs for 
tertiles of age were 0.78, 0.49 and 0.36; p for interaction = 0.013) and also for tertiles of baseline 
FINDRISC (HRs 1.19, 0.77 and 0.25). Gender, BMI and 2-hour plasma glucose were not 
significant predictors.

These results may imply that intervention would be more cost-effective in older people, and those 
with a high baseline risk.

A follow-up paper208 on the metabolic syndrome reported a significant reduction in the 
prevalence of the metabolic syndrome in the intervention group, compared with the control 
subjects, with ORs of 0.62 for metabolic syndrome and 0.48 for the prevalence of abdominal 
obesity. The authors comment that these changes should reduce the risk of CVD as well 
as diabetes.

The cost-effectiveness of the DPS intervention was addressed by Lindgren et al. (2007).221 They 
applied the findings to a population-based cohort from Stockholm, using a Markov model in 

TABLE 3 Success scores and HRs for diabetes in the DPS

Success score HR

0 1.00

1 0.85 (0.57 to 1.28)

2 0.66 (0.40 to 1.09)

3 0.69 (0.38 to 1.26)

4–5 0.23 (0.10 to 0.52)

Test for trend: p = 0.0004.

TABLE 4 Success scores and 3-year weight reduction in the DPS

Success score
Three-year weight reduction 
(%) 

0 0.50

1 2.10

2 4.30

3 4.70

4–5 8.70

Test for trend: p < 0.0001.
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which people start in IGT and are at risk of developing diabetes or vascular disease. Therefore 
the model can assess the effects of the intervention on cardiovascular risk, not just diabetes. 
The cost assumptions reflected the intensity of the DPS, with, for example, seven meetings with 
the dietitian in year 1, and four times per year later, plus group circuit training and an annual 
physician visit. The high cost of the intervention is offset by reduced costs, but it is not clear from 
the paper where these come from or what proportions of the savings are from reducing diabetes, 
or reducing CVD. Intervention is said to yield a gain of 0.2 quality-adjusted life-years (QALYs), 
in a cohort of 397 people.

One way of improving the cost-effectiveness of the intervention would be to target it at people 
at higher risk. In the DPS,212 the NNT to prevent one case of diabetes was 7.7. However, among 
those with a baseline FINDRISC score of < 15, the NNT was 25, whereas among those with a 
baseline FINDRISC score of ≥ 15 the NNT was only 3.6.

Disappointingly, the 10-year follow-up did not show any difference in CVD between the groups, 
nor any change in overall mortality. However, as Uusitupa et al. (2009)222 report, this may be as a 
result of low power, arising from very low event rates in the DPS volunteers. A comparison with 
a population-based cohort, the FINDRISC group, showed that the DPS groups (combined) had a 
relative mortality risk of only 0.3 (95% CI 0.17 to 0.54), probably related to lower cardiovascular 
risk scores at baseline.

In summary, lifestyle intervention significantly reduced the incidence of diabetes in Finnish 
subjects with IGT, with the 7-year follow-up showing a fall in the incidence of diabetes from 7.4% 
to 4.3%, a reduction of 42%.

The Da Qing Study
Description and study quality
This trial was conducted in the Chinese industrial city of Da Qing, and compared three lifestyle 
interventions and a control group.52,190,223 Five hundred and seventy-seven participants with IGT 
were recruited; no power calculation was reported. Participants were recruited from health-care 
clinic patients screened for T2DM and IGT. Clinics (rather than participants) were randomised 
(authors performed analysis that showed overall outcomes would probably not be altered as a 
result) to one of four groups: diet only, exercise only, diet plus exercise or control. Of the 577 
participants randomised, 530 completed the study and had baseline values reported. Treatment 
groups were similar at baseline and treatment regimens were described in detail. All physicians, 
nurses and technicians involved in the study attended annual 2-day training sessions to receive 
standardised instructions on diet and exercise interventions. Exclusion criteria were not specified.

Participants were assessed over 6 years using subjective self-reporting of diet and physical activity 
and using objective measures for all other outcomes. The 6-year analysis included 530/577 (92%) 
participants: seven refused follow-up, 29 left Da Qing and 11 died during the course of the study. 
There were no deaths in the exercise-only group, three deaths in the control group (pneumonia, 
n = 1; cirrhosis, n = 2), three deaths in the diet-only group (cancer, n = 2; septicaemia, n = 1) and 
five deaths in the diet-plus-exercise group (stroke, n = 1; cancer, n = 2; accident, n = 1; Crohn’s 
disease, n = 1). AEs were not reported. No conflict of interest was reported.

Participants
Pan et al. (1993)52 recruited 577 men and women with IGT (as defined by WHO 1985 criteria; 
FPG of < 7.8 mmol/l and 75 g OGTT 2-hour ≥ 7.8 mmol/l and < 11.1 mmol/l). Participants with 
IGT were recruited from a total of 110,660 patients screened (87% of target population) for 
diabetes and IGT at 33 health clinics across the city. Participants were aged > 25 years. Baseline 
characteristics were not reported for the randomised population (n = 577) but were reported 
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for those participants (n = 530) who completed 6 years of follow-up. The mean age (± SD) of 
the participants who completed 6 years of follow-up was 45.0 ± 9.1. Fifty-three per cent of 
participants were male; the male–female ratio varied between groups, although not significantly, 
with the diet-only group having slightly more women and with a male predominance in the other 
three groups.190 Mean BMI was 25.8 ± 3.8 kg/m2.

Intervention
Participants allocated to the diet-alone group (n = 130 at 6 years) received individual instruction 
(frequency not reported) and small group counselling from physicians weekly for the first month, 
monthly for 3 months and quarterly every year for the remainder of the study. Participants were 
given advice according to their baseline BMI. Those with a BMI of < 25 kg/m2 were prescribed a 
diet containing 25–30 kcal/kg body weight, 55–56% carbohydrate, 10–15% protein and 25–30% 
fat. They were also encouraged to eat vegetables, control alcohol intake and reduce intake of 
simple sugars. Those with BMI ≥ 25 kg/m2 were advised to reduce their calorie intake with the 
aim of losing weight at a rate of 0.5–1.0 kg/month until they had achieved a BMI of 23 kg/m2.

Participants allocated to the exercise-alone group (n = 141 at 6 years) received counselling 
sessions weekly for the first month, monthly for the next two months and quarterly for 
the remainder of the study. They were advised to increase the amount of physical activity 
undertaken by at least one unit/day (two units/day if possible for those < 50 years of age with 
no evidence of CVD or arthritis); one unit equated to mild exercise for 30 minutes, moderate 
exercise for 20 minutes, strenuous exercise for 10 minutes or very strenuous exercise for 
5 minutes. Participants in the diet-plus-exercise group (n = 126 at 6 years) received instructions 
and counselling for both diet and exercise interventions similar to both regimens described 
above. Participants in the control group (n = 133 at 6 years) received general information 
and instructions about diabetes and IGT, diet and increased physical activity. No individual 
instruction or group counselling was offered.

Results: primary outcomes
Progression to diabetes Pan et al. (1997)190 assessed the incidence of diabetes (WHO 1985 
criteria: FPG of ≥ 7.8 mmol and/or 2-hour glucose ≥ 11.1 mmol/l) by oral glucose tolerance 
testing at 2 years, 4 years and 6 years. Results were expressed as the cumulative number (%) 
of participants with diabetes at 6 years and incidence per 100 person-years. They found that 
at 6 years the incidence of diabetes was significantly lower (p < 0.05) in each of the three 
intervention groups than in the control group (68%). The lowest incidence was reported in the 
exercise-alone group (41%) followed by the diet-alone group (44%) and the diet-plus-exercise 
group (46%).

Incidence per 100 person-years Incidence was 10.0 (95% CI 7.5 to 12.5) in the diet-alone group 
compared with 8.3 (95% CI 6.4 to 10.3) in the exercise-alone group vs 9.6 (95% CI 7.2 to 12.0) 
in the diet-plus-exercise group compared with 15.7 (95% CI 12.7 to 18.7) in the control group. 
The influence of type of intervention and baseline characteristics on development of diabetes was 
assessed using a proportional hazards model; overall reduction in incidence of diabetes of 33% 
in the diet-only group (p < 0.03), 47% in the exercise-only group (p < 0.0005) and 38% in the diet-
plus-exercise group (p < 0.005). Only modest changes in incidence were seen after adjustment for 
baseline factors.

Subgroup analysis of those participants with BMIs of < 25 kg/m2 (n = 208) compared with those 
with BMIs of > 25 kg/m2 (n = 322) showed that the incidence rates of diabetes in the control 
group of overweight participants were higher than those in the control group of lean participants 
(17.2 vs 13.3/100 person-years, p < 0.05). Li et al. (2002)223 stratified groups according to insulin 
resistance and β-cell insulin secretion levels at baseline and analysis showed that both were 
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significantly associated (p < 0.05 and p = 0.01, respectively) with development of diabetes at 6-year 
follow-up; increasing insulin resistance and decreasing β-cell insulin secretion levels at baseline 
were associated with greater incidence of diabetes. Similarly, BMI and 2-hour plasma glucose 
levels at baseline were also significantly positively related to the development of diabetes (p < 0.01 
and p = 0.01, respectively).

The 20-year results showed mixed results.224 The follow-up 14 years after the 6-year intervention 
showed a 43% reduction in progression to diabetes, but no difference in cardiovascular events 
or all-cause mortality. Li et al. (2002)223 comment that the Da Qing study did not have statistical 
power for such events, but the RR for first CVD events was 0.98, suggesting that there was 
no difference.

Most people progressed to diabetes: 80% in the intervention group, 93% in the control groups.

Results: secondary outcomes
Weight loss Pan et al. (1997)190 assessed weight loss at 3-month intervals using standard methods. 
Results are presented as weight change (kg) from baseline to 6 years in those with and without 
diabetes.190 It found that in those participants without diabetes only those in the diet-plus-
exercise group had mean weight loss (–1.77 kg) compared with a mean gain of 0.93 kg, 0.71 kg 
and 0.27 kg in the diet-alone, exercise-alone and control groups, respectively. In those who had 
developed diabetes, participants in each group had mean weight loss of 2.43 kg in the diet-alone 
group, 1.93 kg in the exercise-alone group, 3.33 kg in diet-plus-exercise group and 1.55 kg in the 
control group. No further analysis was shown.

Gong et al. (2011)225 reported retinopathy rates at 20-year follow-up. There was a 47% reduction 
in severe retinopathy (9% in the intervention group, 16% in the control group). No reduction in 
renal failure was seen, but numbers of end points were very small.

Adherence
Dietary intake Pan et al. (1997)190 examined the adherence of participants to diet intake. It was 
not entirely clear from the publications how diet adherence was assessed (unlike other studies 
no mention was made of food diaries); however, compliance with the intervention regimen was 
discussed with nurses and clinic staff at 3-month intervals using interviews and forms and at 
2-year intervals physicians in Beijing recorded diet changes. These showed that there was no 
significant difference between groups in estimated total calorie intake, per cent carbohydrates, 
per cent protein, per cent fat or amount of alcohol consumed (g/day). Study authors noted that 
dietary changes and assessments were carried out by interviewers who were not masked as to 
the intervention.

Physical activity As with assessment of dietary adherence, it is not clear how physical activity was 
recorded; however, compliance with the intervention regimen was discussed with nurses and 
clinic staff at 3-month intervals using interviews and forms and at 2-year intervals physicians 
in Beijing exercise changes. Change in physical activity (units/day) from baseline to 6 years was 
reported and showed that, compared with the control group, average units per day of exercise 
were slightly increased at 6 years in the diet-plus-exercise group, whereas little change or a 
decrease occurred in other groups; however, it should be noted that average units per day of 
exercise were significantly higher at baseline in the exercise and in the diet-plus-exercise groups.

In summary, lifestyle interventions (either diet, exercise or both) in a population with IGT led to 
a significant decrease in the incidence of diabetes at 6 years’ follow-up from 68% to 41–46%. Both 
increased insulin resistance and decreased β-cell function at baseline were predictors of greater 
incidence of diabetes. Longer-term follow-up showed continuing reduction of progression to 
diabetes, but no benefit in terms of CVD or all-cause mortality.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Gillett 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 NETSCC.

55 Health Technology Assessment 2012; Vol. 16: No. 33DOI: 10.3310/hta16330

The Indian Diabetes Prevention Programme
Description and quality of trial
This trial in Chennai, India, compared three intervention groups (lifestyle interventions plus or 
minus pharmacological intervention and pharmacological only) with a control group.173,226–228

Participants were recruited by screening a middle-class population (n = 10,839) working in 
service organisations and their families, who were identified by workplace announcements 
and circulars. Those with IGT (according to WHO 1999 criteria) on two separate OGTTs were 
recruited. Power calculation was not reported. A total of 531 participants were randomised into 
four groups: (1) diet plus exercise; (2) metformin; (3) diet plus exercise plus metformin; and (4) 
control group. Treatment groups were not significantly different at baseline apart from slightly 
greater prevalence of family history of diabetes in the diet-plus-exercise-plus-metformin group 
(p = 0.031). Treatment regimens were reported in detail. Use of concurrent medication was 
not reported and no exclusion criteria were reported. Participants were assessed over 3 years 
(median follow-up 30 months) using subjective self-reporting of diet and physical activity and 
using objective measures for all other outcomes. Twenty-nine participants (5%) did not complete 
the study; three in the control group (one death and two lost to follow-up), 13 in the diet-plus-
exercise group (one death, five not willing and seven lost to follow-up), five in the metformin 
group (two not willing and three lost to follow-up) and eight in the diet-plus-exercise-plus-
metformin group (one death, two not willing and five lost to follow-up). AEs (cardiovascular, 
gastrointestinal and deaths) were reported. No conflict of interest was reported.

Participants
Ramachandran et al. (2006)173 recruited 531 Indian men and women with IGT (as defined 
by WHO 1999 criteria: FPG of < 7.0 mmol/l and/or 75 g OGTT 2-hour ≥ 7.8 mmol/l and 
< 11.0 mmol/l). Participants with IGT were recruited from a total population of 10,839 working 
in service organisations and their families. Participants were to have no diabetes, no major 
illness, aged 35–55 years. The age distribution of participants was as follows: 35–39 years (15.4%), 
40–44 years (24.5%), 45–49 years (29.2%) and 50–55 years (30.9%). Seventy-nine per cent 
(429/531) of participants were male, 49.5% had a family history of diabetes, 21.7% were smokers 
and 31.8% had hypertension. Mean BMI was between 25.6 ± 3.7 kg/m2 and 26.3 ± 3.7 kg/m2 in the 
four groups. The authors noted:

The Indian population have a young age of onset of diabetes, relatively lower BMI, with 
high rates of insulin resistance and lower thresholds for risk factors for diabetes.173

In addition:

The Indian study cohort consisted of a middle-class working population, many of whom 
were already physically active and were on a diet similar to that prescribed.173

Intervention
Participants were randomised to four groups: (1) diet plus exercise [lifestyle modification 
(LSM)]; (2) metformin; (3) diet plus exercise plus metformin (LSM + metformin); and (4) 
control. Participants randomised to LSM intervention group (n = 133) and the group randomised 
to LSM + metformin (n = 129) received monthly telephone calls and individual sessions every 
6 months for lifestyle advice. Participants were encouraged to improve their diet (reduce total 
calories, refined carbohydrates and fats, avoidance of sugar and inclusion of fibre-rich food). 
Participants had their level of physical activity assessed and advice given accordingly; those 
who were involved in physical labour or who had to walk or cycle > 30 minutes/day or were 
performing exercises regularly were asked to continue their activity. Those participants engaged 
in sedentary or light physical activity were advised to walk briskly for at least 30 minutes per day. 



56 Systematic review of clinical effectiveness

Participants randomised to metformin (n = 133) or LSM + metformin (n = 129) were given 250 mg 
twice daily. (Note: first 50 patients received doses titrated up to 500 mg twice daily but the dose 
was lowered owing to high incidence of symptoms suggestive of hypoglycaemia.) The control 
group regimen was not described.

Results: Primary outcomes
Progression to diabetes Ramachandran et al. (2006)173 assessed the incidence of T2DM (WHO 
criteria) by oral glucose tolerance testing at 6, 12, 18, 24, 30 and 36 months. Results were 
expressed in a number of ways: as the cumulative incidence of diabetes at 3 years, absolute 
and RR reduction and the NNT for 3 years. At 3 years, compared with the control group, 
the incidence of diabetes was significantly lower (p < 0.03) in each of the three intervention 
groups (55% control vs 39.3% LSM vs 39.5% LSM + metformin vs 40.5% metformin). Absolute 
risk reductions for the three intervention groups were 15.7%, 14.5% and 15.5% for the LSM, 
metformin and LSM + metformin groups, respectively. Similarly, the RR reductions (NNT) were 
28.5% (6.4), 26.4% (6.9) and 28.2% (6.5), respectively.

The relationship between development of diabetes and other variables was examined using 
a Cox’s proportional hazards model. This found that, in addition to the three intervention 
regimens, the following variables also significantly influenced the development of diabetes: 
baseline 2-hour plasma glucose, fasting insulin and 2-hour insulin. Factors shown to have no 
influence on the development of diabetes were age, sex, family history of diabetes, BMI, WC, 
FPG, hypertension and smoking. Presumably these factors became non-contributory after the 
glucose and insulin levels were factored in.

In all of the groups, progression to diabetes was commoner in the subgroups that had both 
IGT and IFG than in those with only IGT, but these difference were not statistically significant, 
perhaps because of the relatively small numbers in the IFG + IGT groups.229

Cardiovascular events Eleven cardiovascular events were reported: two in the control group 
(one person died following surgery for CVA), four in the LSM group and five in the LSM-
plus-metformin group.

Results: secondary outcomes
Weight loss Weight loss was assessed annually using standard methods. Results were presented 
as mean change in body weight (kg) from baseline to 12, 24 and 30 or 36 months. The study 
found that, of the four groups, only the weight of the control group increased significantly at 
each time point compared with baseline (p < 0.01). Weight change was not significant in either 
the metformin group or the metformin + LSM group; however, in the LSM group a significant 
increase in weight was seen at 24 months relative to baseline values (p = 0.035). BMI did not 
change much in the intervention group (25.5 kg/m2 at baseline, 25.7 kg/m2 at follow-up) but 
increased a little more in the control group (26.0–26.4 kg/m2). So the reduction in progression to 
diabetes occurred without weight loss.230

Adherence
Dietary intake Ramachandran et al. (2006)173 examined the adherence of participants to 
intervention. Diet adherence was assessed subjectively every 6 months up to 3 years by examining 
self-reported weekly food records filled in by participants and calculating average ‘adherence 
scores’ every 6 months. These showed that both the LSM group and the LSM-plus-metformin 
group improved their adherence over the study. The diet adherence of the LSM group improved 
from 62.5% to 81.6%, whereas the LSM + metformin group improved from 62% to 81.9%.
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Physical activity Adherence to physical activity guidance was assessed subjectively by weekly self-
report physical activity and by averaging the ‘adherence scores’ from 6 months to 3 years. There 
was an increase in the percentage physical activity adherence from 41.7% to an average of 58.8% 
in the LSM group and an increase from 45.9% to 62.9% in the LSM-plus-metformin group.

Metabolic syndrome Ramachandran et al. (2006)173 also determined the prevalence of the 
metabolic syndrome, as defined by the WHO criteria, in their trial participants.227 It was found 
in 46% (95% CI 42% to 52%) overall, but was commoner in women (62%; 95% CI 52% to 71%) 
than men (42%; 95% CI 37% to 47%). The presence of metabolic syndrome did not increase the 
incidence of diabetes.

In summary, lifestyle intervention (either alone or in combination with metformin) significantly 
reduced the incidence of diabetes in Asian Indians with IGT, from 55% to 40%. No added benefit 
was seen when combining them.

Kosaka et al.186

Description and quality of study
This RCT compared a diet and exercise intervention with standard advice.186

Japanese male subjects with IGT were randomised (number not reported; however, n = 458 
at 1 year and 4.7–5.5% dropped out during first year) and assessed over a 4-year period using 
glucose, anthropometry, blood pressure and lipid measurements. Inclusion and exclusion 
criteria were explicit; however, a priori sample size calculation and randomisation method 
was not reported. Subjects were randomised into two treatment groups: in the first group (diet 
and exercise n = 102 at 1 year) participants were recommended to reduce their weight at a rate 
of 0.5–1 kg/month to achieve their target BMI (22 kg/m2) through a combination of intensive 
individually-tailored dietary and physical activity advice. In the second group (control n = 356 
at 1 year) participants received standard advice to improve diet, increase physical activity and 
lose weight.

Lifestyle and control groups were similar at baseline in terms of age, sex, BMI, blood pressure 
and cholesterol levels. Baseline physical activity was not reported; however, 15% of subjects 
in the lifestyle intervention group were already performing the required amount of exercise 
and were recommended to maintain this level. The percentage of subjects in the control group 
already performing exercise was not reported. Concurrent medication and mean follow-up were 
not reported.

Participants
Kosaka et al. (2005)186 recruited Japanese males with IGT (as defined by WHO 1980 criteria; 
FPG of < 7.8 mmol/l and/or 100 g OGTT 2-hour of ≥ 8.8 mmol/l and < 13.27 mmol/l) randomly 
selected from population of government workers undergoing health screening. Men were 
excluded if they had a previous history of diabetes, diagnosed or suspected malignant neoplasms, 
diagnosed or suspected disease of the liver, pancreas, endocrine organs, or kidney, ischaemic 
heart disease or cerebrovascular disease or history of such disease. Baseline characteristics 
were not reported for the overall population but were given separately for the two groups who 
completed 1 year. The mean age of the participants was not reported; however, approximately 
87% of participants in both groups were between the ages of 40 and 60 years. All participants 
were Japanese males and approximately 42% in both groups had first-degree relatives with 
diabetes. Mean BMI was approximately 24 mg/kg2 in both groups (so participants in Japan were 
leaner than those in the American and Finnish studies) and mean weight was not reported. 
Baseline characteristics were not significantly different between groups.
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Intervention
Participants allocated to the intensive lifestyle intervention group (n = 102 at 1 year) were given 
advice according to their baseline BMI. Those with BMI of ≥ 22 kg/m2 were informed of their 
desirable body weight to achieve a BMI of 22 kg/m2. They were advised to reduce their weight at a 
rate of 0.5–1 kg per month until their target weight was achieved. Those with a BMI of < 22 kg/m2 
were advised to maintain their present weight. To achieve the body weight objective participants 
were given individually tailored advice every 3–4 months at each hospital visit. They were 
advised to reduce amount of food, increase consumption of vegetables, reduce intake of fat and 
alcohol, and take 30–40 minutes of moderate exercise per day. Participants in the control group 
(n = 356 at 1 year) were also given advice based on their baseline BMI but this was given every 
6 months; those with a BMI of > 24 kg/m2 were advised to lose weight by eating smaller meals 
and increasing their physical activity, whereas those with a BMI of < 24 kg/m2 were told to avoid 
weight gain by dieting and exercise.

Results: primary outcomes
Progression to diabetes The progression to diabetes (FPG of ≥ 7.8 mmol/l in consecutive tests 
within 2-week time period) was assessed by testing FPG every 2–3 months over 4 years. Results 
were expressed as the cumulative incidence of diabetes during the 4-year follow-up. The study 
found that the cumulative incidence of diabetes was significantly lower in the intensive lifestyle 
intervention compared with the control group (3.0% vs 9.3% respectively; p < 0.043) equating to a 
reduction of 67.4% in the intensive lifestyle group.

The relationship between progression to diabetes and weight change was evaluated in the control 
group alone. It was found that when participants in the control group were subdivided according 
to change in weight, the progression to diabetes was significantly less in those who had lost 
weight than in those whose weight had increased. Cumulative incidence of diabetes was 4.3% in 
those whose weight had decreased by > 1.0 kg (n = 126) compared with 10.6% [p = not significant 
(NS)] in those with no weight change (< ± 1 kg) (n = 173) and 14.7% (p = 0.006) in those who had 
gained ≥ 1.0 kg (n = 57).

Regression to normal glucose levels Kosaka et al. (2005)186 also assessed regression of participants 
from IGT to NGT (FPG of < 7.8 mmol/l and/or 100 g OGTT 2-hour cut-off ≤ 8.8 mmol/l). After 
4 years, 53.8% in the intervention group compared with 33.9% in the control group had improved 
from IGT to non-IGT. When the control group was stratified according to weight change, it was 
seen that the rate of improvement was significantly greater in those whose weight had decreased 
relative to those whose weight was unchanged or increased: 47.6% in those whose weight had 
decreased > 1 kg (n = 126) compared with 12.5% in those whose weight had increased by ≥ 1.0 kg 
(n = 57) and 30.1% in those whose weight was unchanged (< ± 1kg) (n = 173 kg).

Results: secondary outcomes
Weight loss Participants assigned to the lifestyle intervention had significantly greater weight 
loss than did those in the control group. Over 4 years the average weight loss was 2.18 ± 1.63 
kg and 0.39 ± 1.42 kg in the intervention and control groups, respectively (p < 0.001). In the 
intervention group, mean body weight had decreased by 2.5 kg at 1 year and tended to increase 
slightly thereafter; however, it remained significantly lower than baseline at the end of 4 years. In 
contrast, the control group had mean weight loss of 0.57 kg (measured from graph) at 1 year with 
weight increasing slightly every year thereafter.

In summary, Kosaka et al. (2005)186 found that intensive diet and exercise intervention in those 
with IGT significantly reduced the incidence of diabetes by 67.4% compared with standard 
lifestyle intervention (3.0% vs 9.3%; p = 0.043) and increased the rate of regression from IGT to 
NGT by 58.7% compared with standard lifestyle intervention (53.8% vs 33.9%; p < 0.001).
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Liao et al.187

Description and quality of study
The RCT undertaken by Liao et al. (2002)187 in 74 Japanese American participants with IGT 
compared an intensive diet and aerobic exercise intervention with a standard diet and stretching 
exercise intervention.187

Participants were recruited after telephone screening of 340 Japanese individuals; of 102 
diagnosed with IGT, 74 were randomised (28 were not randomised because of medical 
information or declining to participate) and baseline data were presented for 64 who completed 
6 months. No power calculation was reported. Participants were randomised into two treatment 
groups: an intensive-diet-and-aerobic-exercise group compared with a standard-diet-and-
stretching-exercise control group. Treatment groups were not significantly different at baseline 
when sex was taken into consideration (see Participants, below). Treatment regimens were 
reported in detail. It was not reported whether any concurrent medication was taken; however, 
participants were excluded at screening if they were using lipid-lowering drugs.

Patients were assessed over 24 months using subjective self-reporting of diet and physical activity 
and using objective methods for all other measurements. Fifty-eight participants completed the 
study (n = 29 in both groups); three participants did not take part because of poor venous access; 
one had an abnormal treadmill test; nine dropped out; two developed diabetes at 6 months; and 
one developed diabetes at 12 months. Sixty-four participants completed 6 months and their 
results were included from baseline to 24 months. (Note: it is not clear why an additional six 
patients have contributed data to the end of the study.) AEs were not reported. No conflict of 
interest was reported.

Participants
Liao et al. (2002)187 recruited 74 Japanese American participants with IGT (as defined by WHO 
1998 criteria; FPG of < 7.0 mmol/l and/or 75 g OGTT 2-hour ≥ 7.8 mmol/l and < 11.1 mmol/l) 
selected after telephone screening of 340 individuals of full Japanese ancestry. Subjects were 
excluded if they had a history of significant coronary artery disease; valvular heart disease; 
hypertension (blood pressure > 160/90 mmHg); arthritis; pulmonary, neurological/psychiatric 
disease or dementia, which hindered ability to participate; unusual dietary restrictions (e.g. strict 
vegetarians); current use of lipid-lowering drugs; or tobacco use. Participants were also excluded 
if laboratory tests showed evidence of liver or kidney disease or anaemia (haematocrit: < 38% for 
men, < 36% for women) or if triglyceride levels were > 300 mg/dl.

Baseline characteristics were not reported for the overall population but were given separately 
for the two groups that completed 6 months. The mean age of the participants in the intervention 
and control groups was 55.8 ± 1.8 years and 52.2 ± 1.8 years, respectively. Mean BMI was 
25.6 ± 0.8 kg/m2 and 26.6 ± 0.8 kg/m2 in the intervention and control groups, respectively, and 
mean weight was 66.1 ± 2.9 kg and 69.7 ± 2.6 kg. Baseline characteristics were not significantly 
different between groups; the intervention group had more women and hence a significantly 
lower amount of intra-abdominal fat (p = 0.038) and waist girth (p = 0.04). The differences 
were not significant after adjusting for sex. It was noted in the discussion that many of the 
study participants were already consuming an American Heart Association (AHA) step 1 diet 
at baseline (low in saturated fat) and that in this respect they may not be representative of all 
Japanese Americans.

Intervention
Participants randomised to the intensive lifestyle intervention group (n = 36) received 6 months’ 
supervised endurance exercise on a treadmill for 1 hour three times a week with a goal to 
be exercising at 70% of heart rate reserve by 3 months. In addition, they were prescribed an 
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isocaloric AHA step 2 diet comprising < 30% of total calories as fat (< 7% as saturated fat), 55% as 
carbohydrate, the balance as protein, and < 200 mg of cholesterol daily. Participants randomised 
to the control group (n = 38) received supervised stretching exercises for 1 hour three times per 
week and were prescribed an isocaloric AHA step 1 diet comprising 30% of total calories as fat 
(10% as saturated fat), 50% as carbohydrate, 20% as protein, and < 300 mg cholesterol daily. All 
participants were instructed to continue their diet and exercise unsupervised for an additional 
18 months and were reminded of this at 12 months.

Results: primary outcomes
Progression to diabetes Liao et al. (2002)187 assessed the incidence of diabetes by oral glucose 
tolerance testing at 6, 12 and 24 months. It should be noted that this study was not designed 
to demonstrate prevention of diabetes. Its objective was to determine whether a lifestyle 
intervention would improve adiposity and body fat distribution in Japanese Americans with IGT. 
Results were expressed as the incidence of diabetes at 12 months, and found that one participant 
in the intervention group had developed diabetes at 12 months compared with two participants 
in the control group. No analysis of these results was undertaken.

Regression to normal glucose levels Liao et al. (2002)187 also assessed regression of participants 
from IGT to NGT. Results were expressed as the proportion of participants showing NGT at least 
once during their 24 months of follow-up and they found that this was significantly greater in the 
intervention group than in the control group (67% vs 30%, respectively; p = 0.01).

Results: Secondary outcomes

Weight loss Participants assigned to the intensive lifestyle intervention had significantly greater 
weight loss than participants assigned to the control group. Weight was measured at 6 months 
and 24 months using a standard method. At 6 months the intervention group had mean 
weight change from baseline (± SD) of –2.7 ± 0.4 kg compared with –0.9 ± 0.3 kg in the control 
group (p = 0.0003 adjusted for sex and baseline values). At 24 months, the difference between 
groups, although significant, was not as marked; intervention group weight change –1.8 ± 0.5 kg 
compared with 0.7 ± 0.6 kg in the control group (p = 0.0043).

Change in BMI BMI was also measured at 6 months and 24 months. Results showed significant 
differences between groups at both time points; at 6 months change in mean BMI (± SD) from 
baseline in the intervention group was –1.1 ± 0.2 kg/m2 compared with –0.4 ± 0.1 kg/m2 in the 
control group (p = 0.0003 adjusted for sex and baseline values). Similarly, at 24 months the 
intervention group maintained the decrease in BMI below baseline values at –0.7 ± 0.2 kg/m2 
compared with an increase from baseline of 0.2 ± 0.2 kg/m2 in the control group (p = 0.0022).

Adherence
Dietary intake Liao et al. (2002)187 examined the adherence of participants to intervention. 
Diet adherence was assessed at 3, 6, 9, 12 and 24 months using 3-day food records submitted 
by participants (subjective outcome) and these were compared with the recommended intake 
according to allocated diet (either AHA step 2 for intervention group or AHA step 1 for control 
group). Results showed that, on average, at the five time points both the intensive lifestyle 
intervention group and the control group met their dietary goals.

The intervention group were assigned dietary goals of < 30% calories from fat and 7% from 
saturated fat. On average over the five time points they consumed 22–23.3% of calories from 
fat and 5.8–6.6% of calories from saturated fat. However, not all participants in this group 
achieved the dietary goals; between 79% and 88% of participants consumed < 30% of calories 
from fat, 55–70% consumed < 7% of calories as saturated fat and 66–97% consumed < 200 mg of 
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cholesterol. Similarly, the control group achieved their respective dietary goals of approximately 
30% of calories as fat (24.6 to 29.7% over the five time points) and < 10% of calories as saturated 
fat (7.1% to 8.5% over the five time points). Between 59 and 79% of participants consumed < 30% 
of calories from fat, 77–88% consumed < 10% calories as saturated fat and 74–89% consumed 
< 300 mg of cholesterol.

Objective improvement in physical activity Physical fitness was assessed at 6 months (end 
of supervised exercise) and 24 months by measuring the change in VO2max. At the end of 
the 6-month supervised period, the intervention group achieved a 3.3 ± 0.8 ml/kg/minute 
improvement in VO2max (p < 0.0001) compared with the control group (–0.6 ± 0.6 ml/kg/minute). 
At 24 months, the intervention group still had a significantly greater improvement over baseline 
(2.6 ± 0.7 ml/ kg/minute) compared with the control group (–0.7 ± 0.5 ml/kg/minute, p = 0.0002). 
The percentage of participants showing a change in VO2max of ≥ 1.5 ml/kg/minute (selected 
arbitrarily as indicative of physical fitness) was 51.6% in the intervention group compared with 
15.6% in the control group at the end of the 6-month supervision period (p = 0.006), and 59.3% 
and 13.8%, respectively, at 24 months (p = 0.001).

In summary, Liao et al. (2002)187 found that AHA step 2 diet and endurance exercise intervention 
in those with IGT significantly improved BMI and weight loss up to 24 months compared 
with AHA step 1 diet and stretching exercises intervention. A significantly greater percentage 
of patients in the intensive lifestyle intervention (AHA step 2 and endurance exercise) (67%) 
achieved NGT at least once during 24 months than in the control group (30%).

Maastricht (SLIM) Study: Mensink et al.188

Description and quality of study
This trial188,231–234 compared intensive diet and exercise intervention with standard advice about 
lifestyle.Participants were recruited from an existing cohort in the Maastricht area; subjects with 
high risk of glucose intolerance were invited to undergo OGTT. The authors stated:

Participation rate was low, approximately 50%, as subjects were selected from an ongoing 
monitoring project for health and disease and therefore may be suffering from ‘research-
fatigue’ possibly leading to selection bias.233

It should be noted that classification was based on single OGTT only (the risk of diabetes is 
higher in those with IGT classified using two OGTTs). Power calculations indicated that two 
groups of 50–60 participants would be sufficient to detect a 1-mmol/l difference in 2-hour 
glucose between groups following 2 years of intervention. A total of 114 participants were 
randomised into two groups: intensive lifestyle intervention compared with control (standard 
lifestyle advice). Treatment groups were not significantly different at baseline. Treatment 
regimens were reported in detail. Use of concurrent medication was not reported; however, 
subjects taking medication known to interfere with glucose intolerance (e.g. steroids) were 
excluded. Patients were assessed over 2 years using subjective self-reporting of diet and physical 
activity and using objective measures for all other outcomes. One hundred and two participants 
were included in the 1-year analysis and 88 at 2 years. Twenty-six participants dropped out 
of the study: 12 at 1 year and another 14 at 2 years (no differences in baseline values between 
participants and dropouts). AEs were not reported. No conflict of interest was reported.

Participants
Mensink et al. (2003)188 recruited 114 participants with IGT (as defined by WHO 1999 criteria; 
FPG of < 7.8 mmol/l and/or 75 g OGTT 2-hour ≥ 7.8 mmol/l and < 12.5 mmol/l) selected from 
a cohort at high risk of glucose intolerance. Subjects were excluded if they had previously 
diagnosed diabetes mellitus (other than GDM); mean 2-hour blood glucose > 12.5 mmol/l; 
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medication known to interfere with glucose tolerance (e.g. chronic steroid use); participation in 
regular vigorous exercise or an intensive weight reduction programme during the year before 
the start of the study; any chronic disease that made participation in a lifestyle intervention 
programme impossible, or had an improbable 5-year survival. Baseline characteristics were 
not reported for the overall population but were given separately for the two groups following 
randomisation. The mean ages [± standard error (SE)] of the participants in the intervention 
and control groups were 55.6 ± 0.9 years and 57.8 ± 1.0 years, respectively. Mean BMIs were 
29.8 ± 0.5 kg/m2 and 29.3 ± 0.4 kg/m2 in the intervention and control groups, respectively, and 
mean weights were 86 ± 1.9 kg and 83.7 ± 1.5 kg. In the intervention group, 25.5% had a family 
history of diabetes compared with 35.5% of those in the control group. Details of ethnicity were 
not reported.

Intervention
Participants randomised to intensive lifestyle intervention group (n = 55) were encouraged 
to undertake ≥ 30 minutes of moderate physical activity every day for at least 5 days/week. 
A supervised exercise programme (including aerobic exercise and resistance training) was 
encouraged. In addition, specific dietary recommendations were issued (based on Dutch 
Guidelines): carbohydrate intake ≥ 55% total energy; fat 30–35% total energy; saturated 
fatty acids < 10%; cholesterol < 33 mg/MJ; protein 10–15% total energy; dietary fibre 3 g/MJ. 
Participants were given the goal of losing 5–7% of their body weight. Follow-up visits took place 
at 4–6 weeks, 3 months and every 3 months thereafter. Participants in the control group were 
given oral and written information about healthy diet, weight loss and increased physical activity. 
No individual advice, programmes or follow-up visits were offered to the control group.

Results: primary outcomes
Regression to NGT The number of participants with regression to NGT was assessed by annual 
OGTT. At 2 years significantly more participants in the intervention group (50%) than in the 
control group (29%) had NGT (p < 0.05).

At 3 years, the cumulative incidence of diabetes among those who completed the study was 18% 
in the intervention group and 38% in the control group, a RR of 0.42 (0.18 to 0.96).235 However, 
an ITT analysis gave an incidence of only 32% in the control group, a RR of 0.52 (0.25 to 1.10).

Results: secondary outcomes
Weight loss Weight loss was assessed using standard methods at 1 year (n = 102) and 2 years 
(n = 88 participants who completed the study). Participants assigned to the intensive lifestyle 
intervention had significantly greater weight loss than participants assigned to the control group. 
At 1 year the intervention group had mean weight change from baseline (± SE) of –2.7 ± 0.5 kg 
compared with –0.2 ± 0.5 kg in the control group (p < 0.01). At 2 years, a significant difference 
between groups was maintained; intervention group weight change –2.4 ± 0.7 kg compared with 
+0.1 ± 0.5 kg in the control group (p < 0.01).

The paper by Roumen et al. (2008)235 that reported the 3-year results gives slightly different 
figures for weight loss, reporting that in the intervention group, weight loss at 12 months was 
2.77 kg. The 3-year weight loss was only 1.08 kg, so the gap between intervention and control 
groups had narrowed, although it was still just statistically significant, partly because the control 
group had gained a little more.

Body mass index Change in mean BMI from baseline was significantly different between groups 
at both 1 year (n = 102) and 2 years (n = 88). At 1 year in the intervention group mean BMI 
changed by –0.9 ± 0.2 kg/m2 compared with 0.0 ± 0.2 kg/m2 in the control group (p < 0.001). This 
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difference was maintained at 2 years; intervention group mean BMI decreased by 0.8 ± 0.2 kg/m2 
compared with 0.0 ± 0.2 kg/m2 in the control group (p < 0.01).

Total cholesterol and LDL cholesterol No significant difference in LDL or cholesterol levels 
between groups was reported.

Adherence
Dietary intake Diet adherence was assessed subjectively at 1 year (n = 102) and 2 years (n = 88) 
by examining 3-day food records filled in annually by participants and checked by a dietitian. 
These showed that the lifestyle group had a significantly greater reduction in daily energy intake 
over the first year, but not the second year, compared with the control group (baseline to year 
1: –1.2 MJ/day with intervention vs –0.3 MJ/day with control; p = 0.02; baseline to year 2: –0.9 
MJ/day vs –0.3 MJ/day; p = NS); this was associated with a significantly greater change in the 
carbohydrate intake as percentage of total calories from baseline to both 1 year and 2 years 
(baseline to year 1: +4.7% with intervention vs +0.7% with control; p < 0.02; baseline to year 2: 
+5.5% vs +0.8%; p < 0.01). Similarly, the intervention group had significantly reduced their intake 
of fat as percentage of total calories from baseline to both 1 year and 2 years (baseline to year 
1: –5.0% with intervention vs –1.0% with control; p = 0.01; baseline to year 2: –4.8% vs –0.3%; 
p < 0.01).

Physical activity Physical fitness was assessed objectively at 1 year (n = 102) and 2 years (n = 88) by 
measuring VO2max. The lifestyle group had significantly improved their VO2max compared with the 
control group from baseline to both 1 year and 2 years. Change in VO2max (± SE) from baseline 
to year 1 was +0.10 l/min ± 0.03 in the intervention group compared with +0.00 l/min ± 0.03 
in the control group (p < 0.05). Similarly, from baseline to year 2 change in VO2max (± SE) was 
+0.09 l/min ± 0.04 in the intervention group compared with –0.03 ± 0.04 l/min in the control 
group (p < 0.05).

In summary, Mensink et al. (2003)188 found that intensive lifestyle intervention in those with 
IGT significantly improved BMI and weight loss up to 24 months compared with standard 
advice about lifestyle. A significantly greater percentage (50% vs 29%) of patients in the intensive 
lifestyle intervention group achieved NGT during 24 months.

The Newcastle trials
Description and quality of study
The first study by Oldroyd et al. (2001,236 2006189) was a relatively small trial in 78 men and 
women with IGT. It compared an intensive diet and physical activity counselling intervention 
with a control group who were offered no dietary or physical activity advice. Power calculation 
found that a sample size of 100 participants was required to have 90% probability of detecting 
a 0.6-mmol/l difference in mean FPG and a 20% difference in the proportion with glucose 
intolerance; therefore, the study was underpowered with only 78 participants recruited, and 
results for only 69 participants at 6 months, 62 at 12 months and 54 at 2 years. Participants 
were selected from existing studies, hospital databases and general practitioner (GP) surgeries. 
Participants were selected from individuals diagnosed with IGT on two consecutive OGTTs, 
and randomised using a random number table to two treatment groups; intensive lifestyle 
intervention and usual care (no lifestyle advice). Treatment groups were not similar at baseline; 
the intervention group had twice as many females as the control group, mean resting pulse 
was lower in the control group compared with intervention group (p = 0.011) and significantly 
more control participants reported engaging in regular physical activity (p = 0.017) compared 
with the intervention group. The interventions were described in detail. It was not reported 
whether any concurrent medication was taken. Participants were assessed over 2 years using 
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subjective self-reporting of diet and physical activity and using objective methods for all other 
measurements. Sixty-nine per cent (54/78) of participants completed the study (n = 24 in the 
control group and n = 30 in the intervention group); 24 patients were lost to follow-up. Of these, 
14 participants (intervention, n = 5; control, n = 9) withdrew from the study owing to family 
problems, work commitments or ill health. Nine participants (intervention, n = 3; control, n = 6) 
failed to attend 2-year follow-up and one participant died after a stroke between 12 months and 
2 years. AEs were not reported. No conflict of interest was reported.

Participants
Oldroyd et al. (2006,189 2001236) recruited 78 men and women with IGT. Inclusion criteria were 
age between 24 and 75 years old and European origin. Participants were excluded if they were 
pregnant, on therapeutic diets or unable to undertake moderate physical activity. Baseline 
characteristics were not reported for the randomised population (n = 78) but were reported 
for those participants (n = 69) who completed 6 months of follow-up. The mean age of the 
participants who completed 6 months of follow-up in the intervention and control group was 
58.2 years (range 41–75 years) and 57.5 years (range 41–73 years). In the intervention group, 
10/32 (31%) participants were females compared with 20/37 (54%) in the control group (p = NS). 
Mean weight ± SD was 85.5 ± 14.2 kg and 85.3 ± 17.9 kg, respectively.

Intervention
Participants randomised to the intensive lifestyle intervention group (n = 39) received 12 
appointments over 24 months for regular motivational counselling and written information 
from a dietitian and physiotherapist. Participants were encouraged to improve their diet (regular 
meals, more fruit and vegetables, reduce fat and sugar intake and eat adequate fibre) with a goal 
of reducing their BMI to < 25 kg/m2 in those who were overweight or obese. Specific dietary goals 
included fat intake ≤ 30% of total energy; polyunsaturated to saturated fat ratio of ≥ 1.0; 50% of 
energy from carbohydrate and dietary fibre intake of ≥ 20 g per 4.2 MJ. In addition, participants 
were given an individually tailored physical activity plan designed to enable 20–30 minutes of 
aerobic exercise at least once a week. Participants in the control group received no dietary or 
physical activity advice for the duration of the study.

Results: primary outcomes
Progression to diabetes Oldroyd et al. (2001,236 2006,189) assessed the incidence of diabetes by 
oral glucose tolerance testing at 6, 12 and 24 months. At 24 months there was no difference in the 
percentage of participants in the intervention group 7/32 (22%) and control group 8/37 (22%) 
who developed diabetes over the 24-month trial.

Regression to normal glucose levels More participants from the intervention than the control 
group reverted to NGT (FPG < 7.8 mmol/l) at 12 months’ and 24 months’ follow-up (22% vs 17% 
at 12 months; 20% vs 13% at 24 months). Significance level was not reported.

Results: secondary outcomes
Weight loss Weight loss was assessed at 6 months (n = 69), 12 months (n = 62) and 2 years (n = 54 
participants who completed the study). At all time points, participants assigned to the intensive 
lifestyle intervention had significantly greater weight loss than the control group. Mean weight 
loss from baseline (± SD) at 6 months was –1.1 kg in the intervention group compared with 
+0.54 kg in the control group (p = 0.010), at 12 months it was –1.1 kg vs +1.5 kg (p = 0.001) and at 
24 months it was –1.8 kg vs +1.5 kg (p = 0.008).

LDL cholesterol and total cholesterol There were no significant differences in LDL or cholesterol 
levels between groups at 6, 12 or 24 months.
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Blood pressure Oldroyd et al. (2001,236 2006189) found changes in systolic BP and diastolic BP 
of borderline significance. Change in systolic BP at 6 months ± SD was –7.9 ± 16.7 mmHg in the 
intervention group vs –0.27 ± 14.3 mmHg in the control group (p = 0.05). Change in diastolic BP 
at 6 months was –2.9 ± 9.9 mmHg vs +1.9 ± 10.0 mmHg (p = 0.052). The authors noted:

We cannot exclude the possibility that greater familiarisation of intervention participants 
with the intervention team, which occurred during review appointments, compared with 
controls, contributed to the decrease we observed in blood pressure.236

Adherence
Dietary intake Diet adherence was assessed subjectively at 6 months (n = 69), 12 months (n = 62) 
and 2 years (n = 54) by examining 4-day food records filled in by participants and checked 
by a dietitian. These showed that, compared with the control group, the lifestyle group had a 
significantly greater reduction in total fat intake (g/day) at all time points (6 months: –13.6 ± 35.3 
vs +3.7 ± 30.4; p = 0.037; 12 months –16.7 ± 26.5 vs –0.43 ± 33.5, p = 0.044; 24 months: –24.4 ± 24.5 
vs –6.5 ± 30.9; p = 0.027). Changes in polyunsaturated/saturated fat (P/S) ratio and dietary fibre 
were not significantly different between groups at any time point. The number (%) of participants 
achieving dietary targets was assessed at baseline and 24 months. This showed that the number 
of participants in the lifestyle intervention group, but not the control group, who achieved the 
following nutritional targets was significantly increased from baseline to 24 months: ≤ 30% 
energy as fat; ≥ 50% total energy as carbohydrate and dietary fibre ≥ 20 g per 4.2 MJ energy 
(p < 0.02 for each outcome).

Physical activity Physical fitness was assessed at 6 months (n = 69), 12 months (n = 62) and 2 years 
(n = 54) by objective measurement of distance covered in shuttle walking test and change in 
resting pulse and subjective self-reported measures of participation in regular activity. Oldroyd 
et al. (2001,236 2006189) observed a significant increase in the percentage of participants at 6, 12 
and 24 months who reported undertaking regular physical activity once a week sufficient to get 
their heart thumping: change from baseline in intervention and control group (6 months: +33.3% 
95% CI 13 to 50 with intervention vs –3.1% with control 95% CI –14 to 8.5; p = 0.03; 12 months: 
+34.3 95% CI 16 to 49 vs +7.1 95% CI –8 to 21; p = 0.02; 2 years: +32.1 95% CI 12 to 48 vs –4.2 
95% CI –23 to 14; p = 0.03). No change in resting pulse rate was observed at 6 and 12 months, 
but a small but significant decline from baseline in resting pulse rate was reported at 24 months 
(–4.4 ± 8.5 in the intervention group vs 1.2 ± 8.5 in the control group; p = 0.023); however, there 
was no significant difference at any time during follow-up for the mean distance walked in the 
shuttle test (data were not shown). It was noted by the authors that caution should be exercised 
in interpreting the results, as (1) medication that may affect pulse rate was not recorded and (2) 
self-reported physical activity and physical fitness are generally poorly correlated because of 
over-reporting of physical activity.

Adherence was also assessed by percentage attendance at review appointments (diet and exercise) 
of intervention participants. Twenty-four out of 39 (62%) participants attended all of the review 
appointments up to 6 months, and this increased to 28/39 (72%) at 12 months; however, by 
24 months attendance lay at 36% with only 14/39 of the randomised participants attending the 
review appointments [average in the first 6 months was 80% (range 67–95%)].

In summary, Oldroyd et al. (2001,236 2006189) found that regular counselling on lifestyle over a 
24-month period from a dietitian and physiotherapist resulted in significant improvements in 
weight. Cardiovascular risk factors were unchanged.

A later study from the same group also reported a reduction in diabetes incidence, by about half, 
from 33 per 1000 person-years in the intervention group, to 67 in the control group.237 This study 
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came from the Newcastle centre of the European Diabetes Prevention Study (EDIPS), and had 
only 102 participants. The full EDIPS will have 750 participants.

Wein et al.191

Description and quality of study
This RCT compared an intensive lifestyle guidance intervention with initial lifestyle guidance 
in pregnant women with IGT over a median 4.25-year period (range 11.7–81.1 months) in an 
intervention group compared with median 4.0 years in a control group; p = 0.021.191 Inclusion 
criteria were IGT, English and non-English speakers, and no exclusion criteria were specified in 
the publication. A priori sample size calculation and randomisation method were not reported. 
Subjects were randomised into two treatment groups: intensive lifestyle group and control group. 
Both groups were similar at baseline. Concurrent medication was not reported. Seven patients 
were lost to follow-up (three in the intervention group and four in the control group). Adverse 
effects were not reported.

Participants
Wein et al. (1999)191 recruited 200 pregnant Australian females with IGT (as defined by WHO 
1985 criteria; FPG < 7.8 mmol/l and 75 g OGTT 2-hour ≥ 7.8 mmol/l and < 11.1 mmol/l) selected 
from a long-term follow-up of women with GDM at a single hospital. Participants were regular 
attendees for follow-up testing. Baseline characteristics were similar at baseline. The mean age 
of the participants was 39.5 years in the intervention group and 37.8 years in the control group. 
Mean weight was 64.9 kg and 66.4 kg, respectively, and BMI was 25.2 kg/m2 and 25.6 kg/m2, 
respectively. Participant’s country of birth was recorded and no significant difference between 
groups was found. In the intervention and control groups, 48% and 45%, respectively, were born 
in Australia or New Zealand, with smaller percentages from the Mediterranean/Middle East 
(20% and 21%, northern Europe (7% and 6%), South East Asia (20% and 23%) and the Indian 
subcontinent (5% and 5%). Parity was not significantly different between groups. The study 
authors noted the following: (1) participants may be a self-selected compliant group in that they 
elected to attend follow-up and (2) participants had already been exposed to counselling with 
respect to diet and exercise during their pregnancy.

Intervention
Participants allocated to the intervention group (intensive lifestyle guidance, n = 100) were 
given a standard diet advice sheet (‘Target on Healthy eating’ recommended by the state Health 
Department) and reminded of the need for regular exercise (brisk walking for 30 minutes, three 
times a week). Every 3 months, a dietitian contacted the participants by telephone. The dietitian’s 
role was to answer questions regarding diet and encourage compliance with the diet and exercise 
recommendation. In comparison, the control group (n = 100) received the same standard advice 
sheet and exercise advice but had initial advice only and no additional contact with the dietitian.

Results: primary outcomes
Progression to diabetes The progression to diabetes was assessed by oral glucose tolerance testing 
annually. Results were expressed as the prevalence of diabetes, annual incidence of diabetes, the 
cumulative rates of decay to diabetes up to 5 years and the RR of diabetes.

The study found that the prevalence of diabetes over median follow-up of 51 months (longer 
follow-up in the intervention group) was not significantly different between groups [26/97 
(26.8%) in intervention group vs 27/96 (28.1%) in the control group; p = 0.957]. (Note: 
percentage based on participants who completed study.) The annual incidence of diabetes was 
not significantly different between groups. Cox regression analysis of all participants showed that 
baseline BMI (p = 0.0007), fasting (p = 0.04) and 2-hour plasma glucose (p < 0.0001) levels were 
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associated with an increased risk of diabetes. No significant association was found with change in 
BMI and age at start of study.

Regression to normal glucose levels Wein et al. (1999)191 also assessed regression of participants 
from IGT to NGT (no specific definition in publication). Results were expressed as n (%) 
participants with NGT status after a median 51 months’ follow-up and showed that there was 
no significant difference between groups in the progression to NGT [43/97 (44.3%) in the 
intervention group vs 43/96 (44.8) in the control group]. (Note: percentage based on participants 
who completed study.)

Results: secondary outcomes
Weight loss No significant difference between groups was seen in BMI. Presumably that explains 
why there was no difference in diabetes.

Adherence
Dietary intake The adherence of participants to intervention was examined. Diet adherence 
was assessed using a questionnaire to record diet history at baseline and annually until final 
assessment. The fat, residue and sugar content of the diet were scored from ‘1’ to ‘3’ (representing 
‘poor’ to ‘good’) and the total score calculated. Baseline and final assessment data were presented 
and both intervention and control groups showed an improvement in diet score (+0.64 and +0.56 
points, respectively; p = 0.32); however, no significant difference between groups was found. 
Study authors noted that dietary advice may not have an impact without the addition of stronger 
reinforcement, such as periodic weighing.

Physical activity Adherence to physical activity guidance was assessed at baseline and annually 
to final assessment using a questionnaire to record exercise history. The amount of exercise was 
scored on a scale of 0–7, where ‘0’ was totally sedentary, ‘1’ mildly active, ‘2’ active without formal 
exercise, ‘3’ physical work or walking once a week, to ‘7’ athletic training. Results showed that 
there was no significant difference in exercise scores between groups at the initial visit (3.1 vs 2.9; 
p = 0.26) or at follow-up (3.2 vs 3.1; p = 0.43).

In summary, Wein et al. (1999)191 found that there were no significant differences, in progression 
to diabetes or regression to NGT, between intensive diet and lifestyle advice given 3-monthly 
compared with the same diet and lifestyle advice given once. However, no differences in weight 
and exercise were achieved between the groups. Progression to diabetes was associated with 
increased fasting and 2-hour plasma glucose at baseline at high baseline BMI levels.

Wing et al.238

This trial recruited individuals who were overweight or obese (30–100% of ideal body weight; 
mean weight at baseline about 98 kg, BMI 36 kg/m2) and had a family history of T2DM.238 About 
half had IGT, but most results are not given separately for that subgroup. However, the trial 
provides a useful illustration of the main problem with lifestyle interventions.

There were four arms of the trial: diet, exercise, both diet and exercise and control group. The 
intervention groups had weekly group meetings for 6 months then reduced to fortnightly for a 
further 6 months. The diet group started with a strict low-calorie diet aiming at 800–1000 calories 
daily, relaxed to 1200–1500 after 8 weeks. They also had weekly education sessions. The exercise 
group had the same frequency of meetings, with supervised weekly walks for about an hour. They 
were asked to take exercise such as brisk walking at least 5 days each week. The combined group 
had both interventions. The control group were given educational materials but had no meetings. 
In the second year, there were only two refresher courses, which were poorly attended: 36% of 
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the diet group, 15% of the exercise group and 29% of the combined group participated. However, 
attendance at the final assessment visits at 2 years was good at 84%.

At 6 months, the diet group had lost 9 kg, the exercise group 2 kg, the combined group 10 kg and 
the control group 1.5 kg. Results for the IGT group were not given separately. Unfortunately, 
by 2 years, most of the weight had been regained in all groups, although the diet and combined 
group were still about 2 kg lighter than at baseline.

This illustrates a common problem: even among volunteers, improvements are not sustained once 
the intervention is stopped or reduced. Attendance dropped from 61% at meetings in the first 
6 months to 27% thereafter.

Progression to diabetes is reported in the text of the article, but not separately for the arms. The 
presence of IGT at baseline increased the risk of diabetes, with 25% of those with IGT developing 
diabetes compared with 6% of those with NGT. Weight loss of 4.5 kg reduced the development of 
diabetes by 26% in those with IGT compared with those with NGT and no weight loss.

Similar findings were reported by Page et al. (1992)239 in a pilot study in 31 people with IGT. After 
a 6-month diet and exercise intervention, there were improvements in various parameters in the 
intervention group but no change in the eight control subjects. For example, total cholesterol fell 
from a mean of 5.2 to 4.5 mmol/l, and mean SBP by 6 mmHg. However, the gains did not persist 
once the intervention was stopped.

Overview of evidence base There is a good body of evidence that some T2DM can be prevented, 
with the best evidence coming from the larger longer-term trials such as DPS,183 DPP108 and 
Da Qing.190

Table 5 summarises the results. Combining studies into a meta-analysis was not done because 
of the differences in intervention, duration and recruits, which also means that the results in the 
table should not be compared between studies.

Most of the studies show that progression to diabetes can be reduced, and regression to 
NGT increased.

Adherence to the lifestyle measures was clearly a problem for some. The results come from 
groups among which compliance varied. Figure 2 from the DPS183 shows a strong inverse 
correlation between the proportions progressing to diabetes and the success scores in achieving 
the targets.

TABLE 5 Progression to diabetes and regression to NGT, large trials only

Study (no. of recruits)

Progression to diabetes, % (95% CI) Regression to NGT, %

Intervention group Control group Intervention group Control group

DPP (3234) 10-year annual incidence 4.8 (4.1 to 5.7) 11 (9.3 to 13.3) 54 44

Kosaka (500+) 3 (1.2 to 4.8)a 9.3 (3.6 to 15) 54 34

Da Qing (577) incidence per 100 patient-years 7.9 (6.8 to 9.1) 11.3 (9.3 to 13.3) – –

Ramachandran (531) 3-year prevalence 39 (30.4 to 48.5) 55 (46 to 63.5) – –

DPS (523) annual incidence 4.3 (3.4 to 5.4) 7.4 (6.1 to 8.9) – –

a CIs not given in paper – our calculations.
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There was also a tendency for the benefits to be lost not long after the intervention ended, with, 
for example, regain of weight. The exception was the DPS,183 where benefit was largely maintained 
for 3 years after intervention ended. Perhaps a 4-year intervention can permanently improve 
lifestyle change, whereas short intervention does not.

However, as noted above, studies with the longest follow-up show disappointing results in terms 
of CVD.

The benefits of the lifestyle intervention were greatest in those with the highest compliance 
and who achieved more of the targets (such as weight loss and dietary change). For example, in 
the Finnish study,183 those who achieved four or five of the five targets had a risk of developing 
diabetes which was only 23% of those who achieved none.

However, even among the volunteers in the trials, many did not succeed and others succeeded 
in the short term (such as the first 6 months) but not in the longer term. The key to success is 
sustained lifestyle change, especially weight loss.

In conclusion, lifestyle measures can be highly effective in reducing progression to diabetes but 
adherence to lifestyle change is the most important factor.
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Chapter 5  

Review of economic models assessing the 
cost-effectiveness of lifestyle interventions 
for people with impaired glucose tolerance 
and/or impaired fasting glucose

Introduction

The aim of this chapter is to assess the existing evidence relating to the long-term cost-
effectiveness of lifestyle interventions for the prevention of diabetes in high-risk groups. As part 
of a previous literature review on screening for diabetes,72 we previously appraised all published 
studies relevant to this question (up to the end of June 2005) using the British Medical Journal 
(BMJ) guidelines for reviewers of economic evaluations240 in conjunction with a checklist for 
good practice in decision-analytic modelling in Health Technology Assessment (HTA).241 
The main objective of this chapter is to update the previous review with any relevant studies 
published up until August 2006. First of all, the findings of the previous review are summarised. 
Following this, new studies are appraised and then discussed in the context of the previously 
reviewed papers.

Summary of findings from previous review

Our previous review appraised five modelling studies that assessed the long-term costs and 
health outcomes associated with delaying or preventing diabetes in high-risk groups. Three of 
the studies assessed the long-term costs and benefits that would be expected with lifestyle or 
pharmacological interventions for people with IGT or IFG.242–244 Another study considered a 
broad range of interventions for diverse populations, from a media campaign for the general 
public to surgery for morbidly obese people.245 The final study only assessed the impact that 
delaying the onset of diabetes would have on future morbidity, mortality and health service 
costs.246 It did not assess the costs-effectiveness of alternative interventions for preventing or 
delaying the onset of diabetes.

The four studies that assessed the long-term costs and consequences of delivering interventions 
to prevent or delay the onset of diabetes all used Markov-type models (using cohort or 
microsimulation) to simulate progression from a state of IGT, or IFG, through the onset of 
diabetes to the development of clinical diabetes and its complications. The reader should consult 
Waugh et al. (2007)72 (see Chapter 7) for detailed appraisal and discussion of these models. 
Although the models were of variable quality and varied in their structure and assumptions, 
all predicted that diabetes prevention interventions would provide good value for money.241 
In particular, two models, that were judged to be of reasonable quality according to published 
guidelines for good practice in decision-analytic modelling, reported favourable cost per life-year 
or cost per QALY ratios for the lifestyle intervention of the DPP.108 This is a resource-intensive 
intervention consisting of 16 one-on-one lessons on diet and exercise, followed by monthly 
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maintenance visits that included both group and individual sessions with a trained case manager. 
Herman et al. (2005)244 estimated that this intervention would cost US$1124 per QALY compared 
with placebo from a single payer perspective. Palmer et al. (2004)243 estimated that, in a UK 
setting, the same intervention would cost 6381 euros (€) per life-year compared with standard 
advice on diet and exercise from the health service perspective. The fifth study included in our 
review assessed only the impact that delaying diabetes would have on future health outcomes and 
medical costs.246 However, it also produced findings that were broadly consistent with those of the 
other models, i.e. that delaying the onset of diabetes by even modest periods would substantially 
reduce the incidence of vascular complications (microvascular and cardiovascular), improve QoL 
and avoid future medical costs.

Based on the appraisal of these studies, we previously concluded that lifestyle interventions, 
similar to those reported in the DPP trial, would probably be cost-effective in the UK setting.72 
However, some uncertainty remained as to how effective alternative options might prove in 
routine practice, and how this might affect cost-effectiveness. One of the appraised studies243 
also suggested that the characteristics of the cohort would have some bearing on the option 
considered to offer best value. Palmer et al. (2004)243 estimated that the metformin intervention 
would have a better impact on costs and life expectancy than the lifestyle intervention in younger 
more obese patients, but would have less benefit and higher costs in older cohorts (aged 65 years 
at baseline) and those with a BMI of < 30 kg/m2.

Finally, uncertainty remained as to how such interventions should be targeted. The prevalence 
of IGT will be highest in groups who have other CVD risk factors. The question here is, if 
interventions are to be offered to people found to have IGT or IFG, is it more cost-effective to 
do this by identifying these people using systematic screening or case finding? Or would it be 
better to provide such interventions to everyone with a certain CVD risk profile? These questions 
require a more thorough exploration of the cost-effectiveness of different screening strategies, 
where the benefits of treating those identified with both IGT and undiagnosed diabetes are 
incorporated. It is also important that added benefits from reducing CVD in people with IGT 
are incorporated in cost-effectiveness models, as interventions to prevent progression to diabetes 
should also reduce risk of CVD.

Methods

A systematic literature search was undertaken to identify any further economic assessments of 
lifestyle interventions for prevention of diabetes in high-risk groups. Databases searched were 
MEDLINE, EMBASE, the NHS Economic Evaluation Database (NHS EED), and the Science 
Citation Index from May 2005 to the end of August 2006. The start date was chosen because 
our previous review of screening covered earlier economic studies. Abstracts were reviewed and 
studies that were potentially relevant were retrieved.

Inclusion and exclusion criteria
To be included, studies had to assess the long-term costs and consequences of treating people 
with lifestyle interventions to prevent progression to diabetes. Studies that only assessed short-
term costs and consequences were excluded because many of the benefits and cost savings that 
may be associated with diabetes prevention efforts are likely to occur over a long time horizon. 
Studies reported in languages other than English were not included.

Data extraction
Data were extracted from the long-term modelling studies using headings that were consistent 
with those used in the previous HTA review on screening for diabetes:72
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1. author and year
2. decision problem (comparators, population, setting, objectives)
3. cohort information (characteristics and numbers)
4. model structure, perspective and scope (basic structure and assumptions)
5. modelling of disease progression (details of structure and assumptions used for modelling 

diabetes progression)
6. modelling of diabetes complications (details of structure and assumptions used to model 

progression of diabetes complications)
7. mortality (details of how mortality was modelled)
8. costs (details of costs considered in the model)
9. outcomes (outcomes reported and methods for calculating life-years or QALYs)

10. findings (reported results of the base-case analysis)
11. sensitivity analysis (details and results of any sensitivity analysis conducted).

Quality assessment of included studies
One reviewer critically appraised identified studies using the BMJ guidelines for reviewers of 
economic evaluations240 in conjunction with a checklist for good practice in decision-analytic 
modelling in HTA.241 When the individual reviewer was uncertain about the appropriateness 
of methods or assumptions used in any included study, the opinions of two further reviewers 
were sought.

Results

The updated literature searches revealed two further modelling studies, published since the 
previous review, which met the inclusion criteria.247,248 The first of these studies was essentially 
a repeat of the previous reviewed analysis by Herman et al. (2005).244 The difference was that in 
this analysis the authors assessed the potential for private insurance companies, Medicare, and 
individuals/employers to share the cost of providing the interventions.247 The study has limited 
relevance to the UK setting where the NHS covers the cost of care for everybody regardless of 
age. The second study identified was a new analysis conducted using a previously developed 
model called the Archimedes Diabetes Model.249 Eddy et al. (2005)248 used this model to 
assess the cost-effectiveness of treating high-risk individuals with the DPP intensive lifestyle 
intervention or metformin for prevention of diabetes. The model is discussed in detail below 
under the identified data extraction headings. Searches revealed two other potentially relevant 
articles, which were obtained and examined, but these were excluded because they were found to 
be reviews.250,251

Decision problem
As in previous studies,243,244 Eddy et al. (2005)248 assessed the cost-effectiveness of providing 
either the DPP lifestyle or metformin intervention for people with IGT compared with a baseline 
strategy of no treatment other than dietary advice. They assumed individuals would enter into 
an intensive management programme if their HbA1c levels rose to > 7%. However, Eddy et al. 
(2005)248 also included an alternative strategy in which the lifestyle intervention described in the 
DPP trial commenced at time of onset of diabetes rather than prior to onset. This strategy is a 
feasible option for people who have been identified as having IGT/IFG, as their progression to 
diabetes would be closely monitored.

Cohort information
As in previous studies, Eddy et al. (2005)248 analysed the costs and effects of the alternative 
management strategies for a cohort with the characteristics of those enrolled in DPP trial – 
10,000 people who would meet the inclusion criteria for this trial were simulated to receive each 
alternative and followed over a period of 30 years.
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Model structure, perspective and scope
The type of model developed and used by Eddy et al. (2005,248 2003249) is very different to the 
Markov models previously used to address this issue. It is very complex and not widely used 
in health-care decision modelling. It was therefore difficult to appraise the model using the 
published guidelines for good practice in decision-analytic modelling that were used in the 
previous review.241 However, a number of validations have been performed in which the model 
has been used to simulate existing randomised trials.252 The results of these provide a high 
degree of confidence in the model’s ability to predict clinical outcomes over the short to medium 
term. Very briefly, the model uses object-oriented programming and relies on a large number 
of differential equations to model the physiological mechanisms and interactions that underlie 
the development and progression of diabetes and its complications. There are no discrete disease 
states or time cycles in the model, rather the underlying biological variables are continually 
interacting in a very large number of possible combinations, and these variables can give rise 
to clinical events at any point in time. The authors provide a detailed description of how some 
variables and equations were derived from empirical sources in an appendix and separate 
technical paper.249,253

In their analysis relating to the prevention of diabetes, Eddy et al. (2005)248 present annualised 
rates of change in key biological variables and the cumulative incidence of important clinical 
events. As mentioned above, the costs and effects of the alternative treatment strategies were 
tracked over a time horizon of 30 years, somewhat shorter than the 70-year time horizon used by 
Herman et al. (2005)244 in a previous analysis. Like Herman et al. (2005),244 Eddy et al. (2005)248 
apply utility decrements to events that impact upon QoL, and estimate the cost per QALY 
for the alternative strategies. Eddy et al. (2005)248 also assess the problem from three different 
perspectives: the individual patient (in terms of individual risk), a 100,000-member health plan, 
and society as a whole (i.e. for the entire US IGT/IFG population).

Modelling diabetes progression
As already mentioned, Eddy et al.’s model (2005)248 differs substantially from the Markov models 
used in previous analyses. Markov models consist of a limited number of discrete disease states. 
Individual patients or cohorts are simulated to transit between these based on annual transition 
probabilities calculated from epidemiological or randomised studies. The more complex of the 
Markov models used in previous analyses of diabetes prevention allow key biological variables, 
such as HbA1c level, to mirror annual changes observed over time in several diabetes trials. The 
modelled HbA1c levels in turn influence the probabilities of developing micro- and macrovascular 
complications as represented by several discrete state submodels. The model of Eddy et al. 
(2005)248 on the other hand is much more complex allowing multiple interactions between many 
continuous biological variables and clinical events. For example, the development of diabetes 
is influenced by age, sex, race/ethnicity, BMI, and a factor that registers the effect of glucose 
intolerance. The authors explain how a host of variables – representing FPG in people without 
diabetes, hepatic glucose production, the effect of insulin resistance, the amount of insulin 
produced, the efficiency with which the body uses insulin, and patient characteristics (age, sex, 
race/ethnicity, BMI) are used to model the physiological mechanisms underlying rising FPG 
levels and the development of diabetes.249

Diabetes complications
Eddy et al. (2005)248 include coronary artery disease (MI and congestive heart failure), stroke, 
nephropathy, neuropathy and retinopathy in their model. Coronary artery disease is modelled 
through the occurrence of coronary artery occlusions that occur as a result of atherosclerotic 
plaque formation and rupture, and/or the development of occlusive thrombi. Many underlying 
biological variables are used to determine the progression and timing of these events through 
sets of differential equations. The authors state that stroke is modelled in a similar way. The 
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progression of nephropathy is modelled as a function of the person’s FPG, blood pressure, and 
glycaemic load (a variable that represents the degree of elevation in FPG combined with the 
duration of time it has been elevated to different degrees). Retinopathy is modelled in a similar 
way to nephropathy. Here, it is the clinical manifestations of retinopathy (microaneurysms, 
haemorrhages and exudates) that are modelled as a function of a person’s FPG, blood pressure, 
and glycaemic load. Finally, diabetic neuropathy (loss of sensation) is modelled as a function 
of a person’s FPG, blood pressure and glycaemic load. Diabetic foot ulcers and amputations are 
further functions of the neuropathy feature.

Mortality
Eddy et al. (2005)248 state that they model death from diabetes and its complications based on the 
extent of failure in the underlying physiological systems:

A person in the model will die if a coronary artery is occluded and the subsequent 
infarction reduces their myocardial function to the point that cardiac output and blood 
pressure cannot be maintained.248

Deaths from other causes are also included in the model.

Resource use and costs
The direct and non-direct medical costs associated with the interventions to prevent progression 
to diabetes, were taken as those collected alongside the DPP trial.108 Eddy et al. (2005)248 also 
state that they included a set of algorithms in their model that describe the treatment processes 
providers follow for patients with a complete range of clinical circumstances. The model also 
includes system resources, and use of these resources is triggered whenever a patient encounters 
the health system as a result of a clinical event or treatment process being implemented. The 
model calculates cost by tracking all resource use and adding up the cost for each use. The 
itemised costs used in the model come from a detailed micro-costing survey of an integrated 
managed care organisation that provides comprehensive care for people with diabetes with no 
deductibles or co-payments. All costs reported in the analysis are in US dollars (US$) for the 
year 2000. This additive costing approach used by Eddy et al. (2005)248 is somewhat different 
to Herman et al.’s (2005)244 approach of using a multiplicative costing model. It may be more 
accurate, as Herman et al. (2005),244 to some extent, rely on assumptions to estimate the 
multipliers for their model.

Outcomes
In terms of outcomes used to establish cost-effectiveness, Eddy et al. (2005)248 estimated QALYs 
using utility weights reported in the DPP trial108 for people with IGT. For people with diabetes 
they used weights from another published survey. Both surveys used the Quality of Well-Being 
Index to measure utility decrements associated with IGT, diabetes and complications. These are 
the same surveys used by Herman et al. (2005)244 to estimate QALYs in their model of diabetes 
prevention. The QoL decrements were assumed to be additive for people with more than 
one complication.

Findings
Eddy et al. (2005)248 estimated that, from an individual perspective, the intensive lifestyle 
intervention of the DPP108 would reduce the 30-year probability of a person with DPP 
characteristics (see Table 7) developing diabetes by 11 percentage points compared with the 
baseline strategy (from 72% to 61%). From the perspective of a 100,000-member health plan, 
with 4% of its population at high risk of diabetes, the model predicted that the intensive lifestyle 
intervention would reduce the number of people developing diabetes by 434 compared with the 
baseline strategy (2887–2453). The expected value of the cost per QALY came to US$143,000. 
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The cost per QALY was higher over shorter time horizons. From the societal perspective (i.e. 
providing a national DPP lifestyle programme to all high risk people in the USA), the lifestyle 
intervention cost about US$62,000 per QALY compared with the baseline strategy. However, 
when the authors assessed the cost-effectiveness of implementing the intensive lifestyle 
intervention only when individuals actually developed diabetes, they predicted this strategy 
would result in a lower 30-year cost per QALY of US$24,500 compared with the control group. 
Using this as the reference strategy, the incremental cost per QALY for the DPP strategy 
increased to US$202,000. But as people with IGT are at about 1.8 times the risk of heart disease, 
this approach would allow some to die – those who had MIs before being diagnosed as diabetic. 
It is unclear whether or not this increased risk is captured by Eddy et al.’s model. Using this as the 
reference strategy, the incremental cost per QALY for the DPP strategy increased to US$202,000. 
Thus, Eddy et al.’s243,244 findings are much less favourable than those of previous analyses that 
assessed the cost-effectiveness of the DPP interventions.

Sensitivity analysis
Two approaches have been used to assess the validity and robustness of the Archimedes Diabetes 
Model249 and its findings relating to the diabetes prevention interventions. First of all, the model 
has been validated by simulating 19 clinical trials, including the DPP,108 and comparing the results 
with those found in the actual trials. This provides a high degree of confidence in the validity of 
the model over short to medium time horizons. However, uncertainty remains over the ability of 
the model to accurately predict outcomes beyond the follow-up period of available clinical trials. 
To further address uncertainty relating to the values of variables used in the model, the authors 
state that distributions were assigned to variables and individuals were created by simultaneously 
drawing a value for each variable from each distribution. To explore the uncertainty relating 
to the effectiveness of the DPP intervention, the authors incorporated a distribution for this 
parameter based on the 95% CI reported in the original trial. They observed that this source 
of uncertainty substantially increased the width of the CI for the 30-year chance of developing 
diabetes. However, the assumption of a linear increase in diabetes prevalence does not fit with the 
data from the GPRD (presented later) and it is more likely that most of those who will progress to 
diabetes will do so within 10 years, and so the Eddy model243,244 will underestimate person-years 
of diabetes. Based on their simulations, the authors present a probability distribution of the cost 
per QALY for the lifestyle intervention and conclude that it is extremely unlikely (< 0.1% chance) 
that the cost per QALY would fall below the threshold of US$50,000 for a 100,000-member 
health plan. The incremental cost per QALY was also found to be sensitive to the discount rate, 
and most notably, the cost of the lifestyle intervention. If, for example, the cost of delivering the 
DPP lifestyle intervention could be reduced to US$217 per person per year, without reducing its 
effectiveness, then the cost per QALY ratio would be much more favourable.

Discussion

The findings of Eddy et al.248,249 differ from those obtained from the other previous studies that 
have modelled the cost-effectiveness of the DPP intervention. The studies by Herman et al. 
(2005)244 and Palmer et al. (2004)243, reported that the DPP lifestyle intervention would cost 
US$1124 per QALY (single-payer perspective) and €6381 per life-year (UK health service 
perspective) compared with placebo, respectively.243,244 Eddy et al. (2005)248 report much less 
favourable incremental cost-effectiveness ratio (ICER) of US$143,000 and US$62,000 per 
QALY from a health-plan and societal perspective, respectively.248 Eddy et al.’s (2005)248 findings 
also differ dramatically from a cost-effectiveness analysis based on patient-level data collected 
alongside the DPP trial.254 This within-trial cost-effectiveness analysis reported an ICER of 
US$31,550 per QALY for the DPP lifestyle intervention over the 3-year follow-up period (health-
system perspective). The modelling study by Eddy et al. (2005)248 reports an ICER of US$2.7M 
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per QALY over a 5-year horizon from the perspective of a 100,000-member health plan. Possible 
explanations for these differences in findings are discussed below (Tables 6 and 7) and further 
recommendations are suggested.

The large discrepancy between the trial-based cost-effectiveness analysis254 and the 5-year ICER 
predicted by the Archimedes Diabetic Model248 is probably due to differences in the way the two 
studies estimate QALY gains associated with the lifestyle intervention. In the trial, patient-level 
utility scores and cost data were collected prospectively over a 3-year period, allowing mean 
costs and QALYs to be estimated for each arm of the trial. The authors of the trial report that the 
lifestyle intervention resulted in a mean QALY gain of 0.072 compared with placebo over the 
3-year follow-up period.254 This gain may have been due to effects of the lifestyle intervention on 
general well-being (or weight loss) rather than its impact on the progression of diabetes. Such an 
effect may be consistent with the earlier reported finding that changes in QoL in people with IGT, 
as measured by SF-36, were independent of glycaemia control or changes in glycaemia control 
(see Chapter 1, Quality of life). However, it is unclear whether this QALY gain represents a real 
improvement in health-related QoL. This is because the authors did not present baseline scores 
for the individual arms of the trial and the differences between the arms do not appear to be 
statistically significant. It would be useful if future studies could clarify the impact that lifestyle 
interventions have on health-related QoL independently of their effect on the progression of 
diabetes, for example via a reduction in weight. In Eddy et al.’s model (2005),248 it appears that 
the lifestyle intervention affects QoL only through its impact on the progression of diabetes and 
its complications. As very few people progress to diabetic complications that significantly impact 
on QoL during the first 5 years of the simulation, the model predicts very low QALY gains over 
this period and high costs associated with implementing the intervention. This accounts for the 
very high 5-year ICER reported by Eddy et al. (2005).248 However, it is not clear whether Eddy 
et al. (2005)248 takes account of associated morbidity and mortality, most notably from CVD, 
before the development of diabetes. If not, the model may underestimate the beneficial effects of 
lifestyle interventions.

The above issue may also partly account for the different findings predicted by the different 
modelling studies. Herman et al. (2005)244 appear to have assigned a slightly higher utility weight 
to people with IGT receiving the lifestyle intervention compared with those in the control group. 
It is difficult to establish from their report, but Eddy et al. (2005)248 may have assigned the same 
utility weights to everyone with IGT regardless of which intervention they were receiving. This 
could account for some of the difference in QALY gains observed between the two analyses.

TABLE 6 Cohort information used in the reviewed prevention models

Authors Cohort demographic characteristics
Source of cohort 
information

Cohort age 
range (years) Number of patients in cohort

Palmer et 
al. 2004243

Mean age 50.6 years, mean body weight 
92 kg, and mean BMI 34 kg/m2; 32% men and 
45% from minority groups

Patients enrolled in the 
DPP trial

≥ 25 Not reported

Herman et 
al. 2005244

Mean age 50.6 years, mean body weight 
92 kg, and mean BMI 34 kg/m2; 32% men and 
45% from minority groups

Patients enrolled in the 
DPP trial

≥ 25 Not reported

Eddy et al. 
2005248

Individuals at high risk of developing diabetes 
as defined by the entry criteria for the DPP 
trial (IGT ≥ 25 years; BMI ≥ 24 kg/m2)

Published prevalence 
projections based on the 
NHANES III survey255

Not explicitly 
reported 

4000 individuals (4%) from a 
100,000-member health plan

10,000 individuals for analysis 
from societal perspective

NHANES, National Health and Nutritional Examination Survey.
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The use of different time horizons may also partially explain the different cost per QALY ratios 
predicted by the two models. Eddy et al. (2005)248 used a 30-year time horizon, whereas Herman 
et al. (2005)244 assessed costs and outcomes over the lifetime of patients. If preventing or delaying 
the onset of diabetes prevents or delays complications far in the future then a 30-year time 
horizon may miss some of these events. However, Eddy et al. (2005)248 argue that it is cost-
effectiveness over shorter time horizons that is most important because modelling outcomes 
and costs far into the future rely on the assumption that the programme will be in place for 
decades without change and that no new technologies will become available for the management 
of diabetes. Despite the difference in time horizons, it has been noted that the models project 
similar life expectancy.256 Therefore, it is likely that the difference in cost-per-QALY estimates is 
due to the Archimedes Diabetes Model249 reporting lower complication rates than the Herman et 
al. model (2005).244 As Engelgau (2005)256 points out in an editorial accompanying the publication 
of Eddy et al.’s (2005)248 analysis, the model by Herman et al.(2005)244 predicts higher cumulative 
incidences for all the major micro- and macrovascular complications, despite predicting similar 
survival times. To give an example, the lifestyle intervention reduced the cumulative 30-year 
incidence of retinopathy blindness in the at-risk population (those with IGT) from 0.03 to 0.016 
in the model by Eddy et al. (2005).248 The lifetime risk reduction in the model by Herman et al. 
(2005)244 is from 0.056 to 0.034. As indicated in Table 2, Eddy et al. (2005)248 have undertaken a 
series of external validations, showing that their model accurately predicts rates of complication 
development observed for people with clinical diabetes in epidemiological and clinical studies. 
However, uncertainty still exists in relation to the rate of complication development beyond the 
follow-up period of existing clinical trials and the rate of complication development in people 
with pre-diabetes and preclinical diabetes.

The reason why Eddy et al. (2005)248 project lower complication rates than Herman et al. (2005)244 
is very difficult to ascertain given the complexity of the models and the many differences between 
them. However, as Engelgau (2005)256 suggests, it probably has something to do with differences 
in the way glycaemia progression is modelled.

The speed of progression of hyperglycaemia from onset of diabetes to clinical diabetes and the 
progression of micro- and macrovascular complications during this period are subject to debate. 
Herman et al. (2005)244 assume this progression takes 10 years. A much slower rate of progression 
predicted by Eddy et al.’s model (2005)248 is consistent with the lower complication rates reported. 
The assumption of a linear progression257 has been challenged by Ferrannini et al. (2004),258 who 
postulate an initial slow progression followed by a rapid onset of clinical diabetes. More evidence 
is available relating to the progression of HbA1c level and the development of complications 
(and response to treatment) for people with clinically diagnosed diabetes. There has been debate 
between the authors as to which model provides the most accurate and reliable prediction of 
cost-effectiveness, but the debate seems to be inconclusive, with Eddy et al. (2005)248 sticking by 
their findings and Herman (2005)244 and Palmer et al. (2004)243 in agreement.

Despite disagreement in terms of the overall cost-effectiveness, the different models do agree on 
several qualitative points. First of all they agree that, if maintained, lifestyle changes and weight 
loss have a significant impact on the risk of developing diabetes and micro- and macrovascular 
complications. The cost-effectiveness estimates predicted by the different decision-analytic 
models are also sensitive to changes in the same parameters, particularly the cost of delivering 
interventions, likely adherence and, thus, maintenance of effectiveness.

Affordability is also a major concern relating to the implementation of resource-intensive lifestyle 
interventions, even if such interventions are shown to be cost-effective over a lifetime. To address 
this issue, Johnson et al. (2006)259 recently conducted a discrete choice experiment in the USA 
to estimate high-risk individuals’ willingness to pay for risk-reduction programmes. This was to 
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assess whether a potential cost-sharing scheme could be used to finance implementation. This 
study did find that individuals at high-risk were hypothetically willing to pay approximately 
65% of the monthly cost of delivering a lifestyle intervention similar to that of the DPP trial.108 
However, the study also found, not surprisingly, that individuals valued hypothetical programmes 
with large benefits (weight loss and risk reduction) and low sacrifices most highly. This finding 
suggests that a trade-off may exist between the intensity of the intervention (e.g. amount of 
exercise and dietary restriction) and likely engagement and adherence. The effectiveness of 
programmes that involve high levels of exercise and dietary restriction, which could in theory 
have large benefits in terms of reducing the risk of diabetes, might be undermined by poor uptake 
and adherence. On the other hand, if high uptake and adherence can be achieved by encouraging 
moderate lifestyle changes, then the overall benefits may be greater. This is an important point 
to consider when designing future intervention strategies. It may also be possible to consider 
flexible interventions that can be tailored to suit individual patients’ needs, rather than thinking 
of interventions in terms of one fits all.

Studies published since August 2006

As this chapter was completed early in the life of the project, in order to inform further economic 
modelling, it only included studies published up to August 2006. Since then, several relevant 
studies have been published. We carried out updating searches in January 2012. These studies 
are summarised briefly below. Although they have not been fully critically appraised, they all use 
similar modelling approaches to those of Herman et al. (2005)244 and Palmer et al. (2004),243 and 
come to similar conclusions. Thus the above discussion on the differences in findings between 
Eddy et al. (2005)248, Palmer et al. (2004)243 and Herman et al. (2005)244 is also relevant to these 
more recent studies.

A study by Jacobs-van der Brugen et al. (2007)260 from the Netherlands is partly relevant. It 
compared the cost-effectiveness of a community-based programme focusing on nutrition and 
exercise, targeted at the low-risk general population,261 with an intensive lifestyle intervention 
targeted at obese adults, over a 20-year time horizon. The intensive intervention delivered in a 
health-care setting is that used in the lifestyle arm of the RCT by Mensink et al.188,234 The authors 
estimated that the community-based intervention would be more cost-effective. However, they 
also concluded that the intensive lifestyle intervention would provide a cost-effective use of 
resources from a health service perspective (£5000–£21,000 per QALY).

Hoerger et al. (2007)262 carried out a study of the economics of screening, using the lifestyle 
intervention from the DPP for treating those found to have pre-diabetes. In effect it was an 
extension of the previous studies by Herman et al. (2005)244 mentioned above (see Introduction).

The main thrust of the recent study was to consider two strategies for intervention, one more 
selective than the other. The first would apply the DPP lifestyle only to those who had both IGT 
and IFG; the second would provide it to those with either IGT or IFG (or both). The first group 
are at higher risk of progression and so intervention might be expected to be more cost-effective. 
This was shown to be the case, but intervention was cost-effective in both groups, with costs per 
QALY of US$8181 and US$9511, respectively.

Icks et al. (2007)263 applied the results of the DPP to the German population in Augsberg, 
modelling no intervention, lifestyle and metformin, with a 3-year timescale.263 However, they 
tried to model a ‘real-life’ scenario with pessimistic estimates of participation. They assumed 
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from previous experience in Germany, and elsewhere, that participation in screening would 
be low (30–35%), adherence to lifestyle would be poor (in a German disease management 
programme only 40% of patients with diabetes followed lifestyle training), and obese patients 
would have even poorer adherence (only 20% participated in a lifestyle programme to lose 
weight). They concluded that few cases of diabetes would be prevented by a complete screening 
and intervention programme and that, in Germany, lifestyle would be more cost-effective 
than metformin.

Lindgren et al. (2007)221 assessed the cost-effectiveness of the Finnish DPS intervention,183 applied 
to a Swedish population. They used a Markov model, starting with a cohort of people aged 
60 years with IGT, who could progress to diabetes or a cardiovascular event such as a stroke or 
MI in the first year. Those who did not would stay in IGT, and repeat the process. No mention 
is made of regression to NGT, as some would have done. The risk of diabetes was taken from 
the placebo arm of the DPS, and the risks of vascular events from the UKPDS model (which 
may overestimate the risk a little as that applied to diagnosed diabetes). For their base case, they 
assumed that the lifestyle intervention would continue for at least 6 years longer than in the DPS, 
and hence be more costly. However, their results indicated that the cost of the intervention was 
offset by savings, so that the QALY gain (of 0.20 at probably 6 years – the duration is unclear) is 
achieved at lower cost than the no-prevention arm; prevention dominates in ICER terms.

Ramachandran et al. (2007)226 from the Indian Diabetes Prevention Programme have published 
their costs and cost-effectiveness estimates. Their figures are not applicable to a UK context. They 
conclude that lifestyle was the most cost-effective, closely followed by metformin, with combined 
lifestyle and metformin some way behind, when compared with the control arm. The cost of the 
lifestyle intervention was only slightly more than that of metformin, as a result of the very low 
labour costs in India.

Saha et al. (2010)264 examined reasons why different models give differing results. These 
reasons included:

 ■ The timescale of the modelling. Some studies examined cost-effectiveness only during the 
duration of a trial, and these give far higher ICERs than studies that adopt a 20-year or 
lifetime approach. The underlying problem here is the need to extrapolate from short trials 
to lifetimes.

 ■ Different costings, and in particular whether the cost of screening was included in the cost 
of prevention of diabetes. Icks et al. (2007)263 estimated that 36% of the cost came from 
the screening.

 ■ Different assumptions on duration of benefit, with pessimists assuming that the benefit 
would end when the intervention did and optimists assuming that they would last for life. 
Modelling based on the DPS might assume some prevention of diabetes, modelling based on 
the DPP might assume just a delay.

 ■ Different assumptions about adherence in ‘real-life’ settings. Icks et al. (2007)263 assumed 
that the cost-effectiveness of a DPP-style intervention would be less in routine care because 
adherence to lifestyle measures would be poorer and shorter.

 ■ Assumptions about costs of interventions. For example, delivering the DPP intervention in 
groups considerably reduced the ICER. Some studies used costs based on those in the trial, 
whereas others based costs on national health-care cost databases.

 ■ Different timings of studies. For example, those studies that were carried out before generic 
statins became available produced higher ICERs.

 ■ Different methods for estimating QALYs.
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Gillies 2008
In a very thorough analysis, Gillies et al. (2008)265 assessed four screening and 
prevention strategies:

 ■ no screening
 ■ screening for T2DM
 ■ screening for T2DM and IGT, with lifestyle intervention
 ■ screening for diabetes and IGT, with pharmacological intervention.

Hence, their decision problem was broader than that in this review, which starts with people 
already diagnosed. Gillies et al. (2008)265 studied the whole pathway from screening to death. 
Their main aim was to examine whether screening should be for T2DM alone, or for diabetes and 
IGT. However, the latter pathway will be more effective than screening only for diabetes alone, if 
intervening in those with IGT is cost-effective.

The base-case scenario was one-off screening at the age of 45 years, in people with above-average 
risk of diabetes. Risk was based on known history of ischaemic heart disease, hypertension, 
dyslipidaemia, family history of T2DM, and BMI score of > 25kg/m2. They base their effectiveness 
estimates for the prevention of diabetes on a previous review of pharmacological and non-
pharmacological interventions of their own.179

The modelling was done using a mixed decision tree and Markov modelling approach. Because 
their costs per QALY are for the whole pathway they are not comparable with ones in this review, 
but the key finding for our purposes was that screening for both diabetes and IGT, with lifestyle 
intervention in the latter, was more cost-effective than screening for diabetes alone, with costs 
per QALY of £6242 and £14,150, respectively, both compared with no screening. They assumed 
that lifestyle intervention would cost about £400 in the first year, and £280 per year thereafter. 
These costs were derived from a review of interventions in obesity266 rather than from the 
diabetes trials.

Irvine et al. (2011)267 carried out a cost-effectiveness analysis based on the University of East 
Anglia Impaired Fasting Glucose programme. This programme screened almost 4000 high-risk 
individuals and identified 209 with IFG. Of these, 85% entered the lifestyle intervention trial, in 
which they were randomised to the intervention (dietary advice and physiotherapist-led exercise 
groups, the aim being to achieve 7% weight loss over 6 months) or to the control group, which 
received a 2-hour session of diet and exercise advice. Costs were assessed for the intervention 
and control arms. Recruits completed European Quality of Life-5 Dimensions (EQ-5D) 
questionnaires and ICERs were calculated.

However, there were major weaknesses in this study. First, follow-up was short, a mean of around 
7 months. Second, and more importantly, benefits were assessed only during the trial, and ICERs 
were therefore very high because the duration of benefit was short. The intervention was assessed 
as having an ICER of £67,163 per QALY. When a subgroup of participants (number not given) 
with longer follow-up was analysed, the cost per QALY fell to £17,075. No modelling of the long-
term effects of weight loss was carried out.

Attempts are being made to adapt the DPP for delivery by community organisations. Ackermann 
and Marrero (2007)268 are collaborating with the YMCA of Greater Indianapolis to evaluate 
the effectiveness, adoption, implementation, and maintenance of a modified DPP lifestyle 
intervention for delivery in YMCA branch facilities. The intervention is called the Group-
Organized YMCA Diabetes Prevention Program (GO-YDPP). The GO-YDPP core curriculum 
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involves the same 16-lesson approach as the original DPP, but lessons are delivered in groups 
of 10 to 12 participants and are held over just 16 weeks. GO-YDPP has retained the same 
physical activity and weight loss goals of the original DPP lifestyle intervention. The YMCA 
has estimated the total costs during the first year to be US$275 to US$325 per participant. This 
compares favourably with the original DPP intervention, estimated to cost more than US$1400 
per participant.

Ackermann et al. (2009)204 used data from the DPP to assess the utility benefit from weight loss. 
Data on QoL were collected using SF-36, from the start of the trial, in 3206 subjects. From this, 
the DPP investigators derived the SF-6D, and assessed the effects of weight loss on that, at 12 and 
24 months, adjusted for other variables. SF-6D gives a range of values from 0.29 to 1.0, with 1.0 
being best possible. Mean BMI among DPP patients was 34 kg/m2 and mean weight was 94 kg. 
The lifestyle group lost an average 6.7 kg by 1 year. Their SF-6D scores rose (improved) by 0.010 
for every 5 kg of weight lost. Meaningful improvements in health-related QoL appeared only once 
subjects had lost at least 5–10 kg. The DPP investigators noted that, if weight loss is sustained for 
years, the small increase in utility would become significant in cost-effectiveness analysis.

Bertram et al. (2010)269 populated a microsimulation model with data from several sources, 
including AusDiab (Australian Diabetes Obesity and Lifestyle Study). In AusDiab, people were 
screened at the age of > 55 years, or at age > 45 years if they had risk factors such as hypertension, 
family history of diabetes of a high BMI, or if they were deemed to be high risk, such as having 
had previous GDM. The model had three lifestyle interventions: diet alone, exercise alone or 
both. It also had three pharmacological interventions, including metformin. The effectiveness 
of interventions was based on the meta-analysis by Gillies et al. (2007)179 from the UK. The 
modelling showed that the most cost-effective interventions were diet and exercise combination, 
and metformin. Cost-effectiveness was taken to be an ICER of < AU$50,000 (AU$, Australian 
dollars) per disability-adjusted life-year (DALY). Adding metformin to diet and exercise was not 
cost-effective because the cost per DALY rose to around AU$81,000, though with very wide CI 
(14,000 to 130,000). Exercise alone and diet alone had ICERs of AU$30,000 and AU$38,000 but 
the upper confidence limits were well above affordable levels, whereas the upper confidence limit 
for the combination was AU$35,000. A number of assumptions were made, including that results 
in general population would be as good as in trials such as DPP and DPS.

Another Australian study by Colagiuri and Walker (2008)270 used a different model – the 
Diabetes Cost–benefit Model – to assess the cost–utility of screening for undiagnosed diabetes. 
However, although the main analysis was on diabetes, some results are provided for detecting and 
intervening in IGT. The model uses AusDiab data for two groups: all of those aged 55–74 years, 
and those aged 45–54 years but with one or more risk factors, such as obesity, family history of 
diabetes, or hypertension. Those with IGT would be offered a lifestyle programme estimated to 
cost AU$500 (but not specified, so technically its effectiveness is unproven) but they also assessed 
the effect of using a more costly AU$1000 intervention based on the DPS lifestyle arm. They 
used the DPP and DPS results of a 58% reduction in progression to diabetes but rounded it to 
60%. They estimated savings in health-care costs based on the UK Prospective Diabetes Study 
(UKPDS) 61 paper271 (which showed that diagnosis at lower PG had better outcomes and hence 
lower costs – Colaguiri was first author of that paper). They pessimistically assumed that only 
about half of those offered the lifestyle intervention would accept it, and that about one-third of 
those who did would thereby avoid progression to diabetes. The cost per DALY avoided is around 
AU$50,000, which is considered borderline acceptable. Limiting screening and intervention to 
the over-55s would make it more cost-effective (ICER AU$48,000).
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Johansson et al. (2009)272 assessed the cost-effectiveness of the Stockholm Diabetes Prevention 
Program, but this was not restricted to people with IGT and so not relevant to this review. The 
results were mixed: in some groups the programme appeared cost-effective, in others not.

Li et al. (2010)273 reviewed cost-effectiveness studies of prevention of diabetes. Most were in 
people with IGT, and most have been included in this review. Some were not in people with IGT. 
Li et al. (2010)273 conclude that intensive lifestyle interventions to prevent diabetes in people with 
IGT are ‘very cost-effective’. Most of the included studies were based on the DPP results.

Zhuo et al. (2012)274 reported that in the USA, a nationwide community-based lifestyle 
programme could break even within 14 years. However, the programme they used was a 
hypothetical one, based on the small pilot study by Ackermann et al. (2008),275 whereas the 
reduction in diabetes used in their modelling was based on the results from DPP and DPS.

Conclusions/recommendations

The current literature is divided on the cost-effectiveness of lifestyle interventions for the 
prevention of diabetes, making it difficult to reach a definitive conclusion. The majority of 
studies conclude that it is cost-effective, with the study by Eddy et al. (2005)248 being an outlier. 
This may be because of similarities in the approaches taken by models by authors other than 
Eddy et al. (2005),248 the key difference being assumptions on rates of progression to diabetes 
and complications. The Archimedes Diabetes Model249 is unusual, in that rather than using the 
traditional Markov approach it is based on human physiology; it is much more complex, but, as 
stated above, has been extensively validated, and may well be the best model. Hence, although 
it comes to different conclusions from most others, it could be that it provides more reliable 
estimates. Other factors preventing a definitive conclusion on the cost-effectiveness of lifestyle 
interventions being reached include a lack of available evidence on the cost-effectiveness of other 
less-intensive interventions, and uncertainty relating to adherence and maintained effectiveness 
of such interventions in routine practice.

It is very difficult to ascertain which model predicts the cost-effectiveness of the DPP intervention 
most accurately and reliably. This is because no prospective studies have assessed the impact of 
such interventions on long-term morbidity and mortality. However, the model by Eddy et al. 
(2005)248 has been extensively validated in terms of its ability to accurately predict short-term 
outcomes for people with IGT and medium-term outcomes for people with clinical diabetes. 
The greatest uncertainty relates to the duration of the asymptomatic period between onset of 
diabetes and the development of clinical diabetes, and the rate of progression of glycaemia and 
complications during this period. This is something that future epidemiological studies might 
be able to address. The second and third points can be addressed through further modelling, 
drawing on effectiveness data from trials of less resource-intensive interventions, and data on the 
relationship between intervention intensity and patient adherence.

Another issue throwing doubt on the cost-effectiveness of lifestyle interventions for those 
with IGT is the finding that it may be more cost-effective to postpone implementation of such 
interventions until people actually develop diabetes. When this is used as the comparator, Eddy et 
al. (2005)248 report that the ICER for implementing the DPP intervention becomes substantially 
less favourable. However, it is not clear whether Eddy et al.’s model (2005)248 takes account of the 
cardiovascular risk of IGT, nor the development of complications before diagnosis.

In summary, the analysis by Eddy et al. (2005)248 generates uncertainty. Given this, further 
modelling work using resource use and cost data relevant to the UK context is advisable. Models 
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should include at least three alternatives: (1) do nothing other than provide basic advice for those 
with IGT until they develop symptomatic diabetes (e.g. HbA1c level of 7%) and then implement 
an intensive treatment management regime; (2) do nothing other than provide basic advice 
for those with IGT until the onset of preclinical diabetes (detected by regular screening) then 
implement an intensive lifestyle intervention followed by an intensive diabetes management 
strategy for those whose HbA1c level rises above 7%; and (3) provide an intensive lifestyle 
intervention for everyone with IGT and implement an intensive diabetes management strategy 
for those whose HbA1c level rises above 7%. On top of this, future models should evaluate less 
resource-intensive strategies and consider potential trade-offs between intensity and adherence. 
Given that the costs and benefits of treating IGT will arise as wider costs and benefits of any 
screening programme for diabetes, models should also incorporate the screening process, and 
include costs and benefits of treating both IGT and undiagnosed diabetes.

Finally, given uncertainty surrounding the rate of progression of glycaemia and vascular 
complications in people with IGT and preclinical diabetes, estimates of cost-effectiveness will 
need to be shown to be robust to large changes in these parameters. This will probably require 
good evidence to show that substantially less-costly interventions can be as effective as the DPP 
lifestyle intervention.
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Chapter 6  

Impaired glucose tolerance and impaired 
fasting glucose: a descriptive study of 
current practice in primary care

Introduction

In the UK there is currently no national screening programme for diabetes mellitus or IGT/IFG. 
As described earlier, the prevalence of IGT/IFG in the UK is poorly characterised, with estimates 
ranging from 3% to 18%. The recognition and diagnosis of IGT/IFT in primary care in the UK 
has not, to the best of our knowledge, been reported previously. The current state of practice is 
important when it comes to considering the costs of any recommendations, because those costs 
will depend on how much is being done at present.

In order to estimate the extent to which people with IGT/IFG are being diagnosed in primary 
care, and to determine how they were being managed, we conducted a descriptive study of 
clinical practice using the UK GPRD.

Methods

Data source
The GPRD is one of the largest longitudinal primary care databases, and provides anonymised 
data for research. It was established in the late 1980s and, since then, more than four million 
residents of the UK have registered with GP practices contributing data. General practices from 
across England, Wales, Northern Ireland and, to a lesser extent, Scotland voluntarily contribute 
anonymised patient data to the research database. GPRD covers approximately 6% of the UK 
population. Age and sex structures have been shown to closely reflect the UK population as a 
whole.276–282 The database is currently held and maintained by the UK DH.

Details of patient characteristics, prescribed treatments and clinical diagnoses are recorded in the 
database. Clinical diagnoses are recorded using two disease coding systems. Until the late 1990s 
(with a gradual replacement), diagnoses were recorded using a modified version of the Oxford 
Medical Information System (OXMIS). Later, this was replaced by the READ coding system, now 
in widespread use in the UK.

The GPRD has been used extensively for research in drug therapy and outcomes and people with 
diabetes mellitus have been studied previously. The estimated prevalence of diabetes has been 
reported to be in keeping with other studies and national surveys. There was evidence of over 
recording of codes related to diabetes in children and young adults but, in older age groups, the 
recording was similar to national survey data.283

Study population
For this study, we used data from approximately 300 GP practices contributing to the GPRD that 
have been well validated and used in research previously.284 We identified a study population of all 
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patients who were registered with a GPRD practice at any time between 1 January 2000 and April 
2005, and with a minimum of 6 months of follow-up in the database. People with < 6 months’ 
follow-up were excluded.

Identifying people with impaired glucose tolerance/impaired 
fasting glucose

To identify people recorded as having a diagnosis of IGT/IFG (cases), we searched the computer 
records of each person in the study population for any of the codes in Table 8. IGT/IFG diagnosis 
was based on the reported measurement of glucose in blood or urine following glucose loading 
or from random samples, or specific codes that suggested IGT/IFG. The date of the first recording 
of one of these codes was taken as the ‘index date’. People with a diagnosis of diabetes mellitus, or 
a prescription for diabetes mellitus treatment recorded before the index date, were excluded.

To validate the appropriateness of the codes selected, we undertook a pilot study where we 
reviewed a random sample of 20 complete computer patient records from among those with one 
of the IGT/IFG codes provided in Table 8. From this, it was apparent that GPs often used these 
codes as initial consultation codes and that they were soon upgraded to a diagnosis of diabetes 
mellitus after appropriate diagnostic tests. We therefore classified potential cases of IGT/IFG 
as follows:

 ■ IGT/IFG cases Those with no subsequent diabetes mellitus diagnosis for at least 1 month 
after the index date.

TABLE 8 Codes used to identify people with IGT/IFG

Category OXMIS Condition or finding READ code Condition or finding

Blood 
based

250 RG Hyperglycaemia R102.00 GTT abnormal

250 K Diabetes chemical (abnormal) R102.12 IGT test

250 RR Blood sugar raised 44V2.00 GTT impaired

L1300RB Random blood sugar raised 44V3.00 GTT abnormal

L1300RE Random blood sugar raised (capillary) 44U5.00 Blood glucose 7–9.9 mmol/l

L1300RX Random blood sugar raised (venous) 44U6.00 Blood glucose 10–13.9 mmol/l

44UZ.00 Blood glucose 14+ mmol/l

44U9.00 Blood glucose abnormal

44Uz.00 Blood glucose raised

44Uz.11 Hyperglycaemia

R105700 Blood glucose abnormal

44T1200 Random blood sugar raised

Urine 
based

7895 Glycosuria 4663 Urine glucose test = trace

7895A Sugar in urine 4664 Urine glucose test = +

7895PV Glycosuria positive 4665 Urine glucose test = ++

L2200AA Urine glucose + 4666 Urine glucose test = +++

L2200BB Urine glucose ++ 4667 Urine glucose test = ++++

L2200CC Urine glucose +++ 4668 Glycosuria

L2200PV Glucose urine positive

L2400GP Urine positive glucose

Other 2500AH Latent diabetes R102.11 Pre-diabetes

212 6300 Diabetes mellitus resolved

212H.00 Diabetes resolved

GTT, glucose tolerance test.
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 ■ Excluded Those with a subsequent diabetes mellitus diagnosis < 1 month after the 
index date.

For IGT/IFG cases, we examined their complete computerised records to obtain details of 
characteristics: age, sex and BMI. For estimation of BMI, we used the last recording of weight 
before the index date. We searched patients’ records for evidence of hypertension, CVD, stroke 
or obesity – present either before or after the diagnosis of IGT/IFG. We followed the IGT/IFG 
patients’ records prospectively, from the index date, to ascertain if they subsequently developed 
diabetes mellitus. Finally, we sought evidence of prescribing of metformin or glitazones to treat 
IGT/IFG and whether any cases were already receiving medicines important in reducing risk of 
vascular disease (i.e. statins or aspirin). This was done because it is likely that the diagnosis of 
IGT or IFG, both of which are associated with an increased risk of heart disease, might trigger 
the use of statins, and we wanted to know the extent to which such patients were already on a 
statin. If a high proportion was already being treated because of other risk factors, the benefits of 
screening for and treatment of IGT would be reduced.

Using a further random sample of 50 full computerised records, two researchers checked the data 
extraction for the above variables against the original record. This was found to be satisfactory 
with no errors in the data extracted.

Analysis
A descriptive analysis of those diagnosed with IGT/IFG was undertaken, reporting the 
proportion by sex, age and BMI. Prevalence rates for IGT/IFG were reported per 100,000 
persons. The proportion and timing of progression to diabetes mellitus was estimated. Analysis 
was conducted using Stata version 9.2 (StataCorp LP, College Station, TX, USA).

Results

From a study population of approximately 2.8 million people registered with a GP practice 
between 1 January 2000 and April 2005, we identified 12,214 people with at least one code for 
IGT or IFG.

We excluded 3118 people from the analysis. The most common reason for exclusion was because 
their code for IGT/IFG occurred < 1 month before a code for diabetes mellitus (n = 2862). Other 
reasons for exclusion included data quality issues, such as invalid weight or height, and where the 
codes for IGT/IFG occurred in children or young adults for whom the diagnosis was thought to 
be clinically unlikely.

A total of 9096 people with codes suggesting IGT/IFG were included in the analysis. We used 
codes for three clinical indicators of a diagnosis: raised blood glucose, glycosuria or an ‘other’ 
diagnostic code. Table 9 shows the number of people who had a first (index) code that was a 
blood, urine or ‘other’ code.

Prevalence of recorded impaired glucose tolerance/impaired 
fasting glucose

The trend in IGT/IFG prevalence increased during the 5-year study period from 17 per 100,000 
in 2000 to 31 per 100,000 in 2004 (Figure 7).
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Characteristics of people with impaired fasting glucose/impaired 
glucose tolerance

Of the people with IGT/IFG, 4298 (47.3%) were male and 4798 (52.7%) were female. The median 
age was 60.5 years [interquartile range (IQR) 22.8 years]. Table 10 provides the distribution by 
age. The BMI, based on the last recorded weight before the index date (a median of 3 years before 
the index date), is summarised in Table 10. Only 225, 2.5%, had been given a coded diagnosis of 
‘obesity’. The high percentage with BMI scores of < 25 kg/m2 is somewhat surprising. Metformin 
and glitazones have been suggested as potential treatments for IGT/IFG, but in this group only 
253 (2.8%) of those with IGT/IFG were prescribed metformin or glitazones.

Cardiovascular risk
Prior to diagnosis of IGT/IFG 3.7% of people had experienced a previous cardiovascular event 
and 12.5% had a history of hyperlipidaemia (Table 11). A total of 1364 people (15%) were already 
receiving a prescription for aspirin at the time of their diagnosis and 990 (10%) were already 
receiving a prescription for statins, whereas 582 (6%) were prescribed both aspirin and statins.

Progression to diabetes mellitus
We followed each person with IGT/IFG from their index date to establish if they went on to 
develop diabetes. In total, 2662 (29.3%) developed diabetes mellitus during their follow-up. Of 
the 6434 people who did not develop diabetes mellitus, 506 died. The remaining 5928 had not 
developed diabetes mellitus at the time of their last follow-up. The median duration of follow-up 
was 2.9 years (minimum 0.9 years, maximum 53.6 years).

Among those who progressed to develop diabetes mellitus, 778 (29.2%) had a weight and 
height recording that indicated they had been obese (BMI ≥ 30 kg/m2). Table 12 summarises the 
distribution of BMI, gender and age among those who progressed to develop diabetes mellitus.

Of the 2662 who went on to develop diabetes, 799 (30.0%) progressed within 6 months after 
first diagnosis of IGT/IFG. A further 323 (12.1%) progressed within 12 months. By 5 years, 2256 
(85% of those who went on to get diabetes mellitus) had progressed to develop diabetes mellitus 
(Table 13).

TABLE 9 Impaired glucose tolerance/IFG codes used for index code

Code No. %

Blood 5839 64.19

Urine 3091 33.98

Other 166 1.82

Total 9096
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FIGURE 7 Annual prevalence of IGT/IFG.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Gillett 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 NETSCC.

91 Health Technology Assessment 2012; Vol. 16: No. 33DOI: 10.3310/hta16330

TABLE 10 Characteristics of people with IGT/IFG

Sex

Total: n = 9096 (100%) %Male: n = 4298 (47.3%) % Female: n = 4798 (52.7%) %

Age band (years)

 20–39 942 21.9 421 8.8 1363 15

 40–59 1220 28.4 1874 39.1 3094 34

 60–79 1723 40.1 2211 46.1 3934 43.2

 ≥ 80 413 9.6 292 6.1 705 7.8

BMI ( kg/m2)a

 < 25 1075 35.3 905 26.7 1980 30.8

 25–29 943 30.9 1484 43.8 2427 37.7

 30–34 574 18.8 728 21.5 1302 20.2

 35–39 267 8.8 188 5.5 455 7.1

 ≥ 40 188 6.2 87 2.6 275 4.3

a BMI based on last weight recorded before index date. 2675 (29.4%) had insufficient information for the calculation of BMI.

TABLE 11 Cardiovascular disease risk factors among those with IGT/IFGa

Risk factor Before index date %

CVDb 334 3.7

HBP 525 5.8

Hyperlipidaemia 1134 12.5

HBP, hypertension.
a Patients may have more than one risk factor.
b Including angina and MI.

TABLE 12 Gender, age at diagnosis of IGT/IFG and BMI of those with IGT/IFG who progressed to develop 
diabetes mellitus

No. %

Sex

 Male 1147 43.1

 Female 1515 56.9

Age band (years)

 20–39 214 8

 40–59 1047 39.3

 60–79 1262 9.8

 ≥ 80 139 5.2

BMI (kg/m2)

 < 25 327 12.3

 25–29 665 25

 30–34 483 18.1

 35–39 178 6.7

 ≥ 40 117 4.4

Missing 892 33.5

Total 2662 100
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Discussion

The primary aim of this study was to identify whether people with IGT/IFG were being 
diagnosed in clinical practice. We used data for the period up to April 2005, and the situation 
may have changed since then. This is one limitation of this analysis.

Using the GPRD, we were able to identify more than 9000 people who appeared to have IGT/
IFG. GPs were identifying people with abnormal blood or urine test results, who they did not 
label with a diagnosis of diabetes mellitus. The GPs did not regularly use specific codes for 
IGT/IFG at this initial identification, although this may reflect the inadequacies of the coding 
systems, the lack of a specific code for IGT/IFG in OXMIS, and the use of the term ‘pre-diabetes’ 
in READ. Our prevalence estimates for IGT/IFG, based on cases identified in general practice, 
were substantially lower than those reported in population-based studies where participants were 
screened, which is not surprising as screening is not routine practice.

However, we found that coding of abnormal test results consistent with IGT/IFG was increasing 
and the estimated prevalence of IGT/IFG had nearly doubled over the 5 years of our study. A 
number of factors may explain this rise. Testing for diabetes may be increasing, leading to more 
diagnosis of IGT/IFG. There may also be greater recording of abnormal results. Practice nurses, 
who frequently undertake routine health check-ups, are increasingly recording data electronically 
and coding of glucose values may have thus increased. Lastly, with the increasing prevalence of 
obesity, the true prevalence of IGT/IFG would also be expected to be increasing.

Using the definition of a relevant abnormal blood or urine code in the absence of a diagnosis of 
diabetes mellitus, we identified a population of patients who we considered to have IGT/IFG. 
A higher proportion of cases were female (52.7%). The age at first recording of the diagnosis 
differed between men and women, with a higher proportion of men (21.9%) compared with 
women (8.8%) in the 20- to 39-year-old age band. A total of 31.6% of people with IGT/IFG 
were obese.

We found evidence that, even where abnormal glucose results were identified, management of 
cardiovascular risk and weight were not maximised. Prescribing of aspirin and statins was low; 

TABLE 13 Progression of patients with IGT/IFG to develop diabetes mellitus

Progression time (months) No. who developed diabetes mellitus No. with follow-up Percentage of those with follow-up

1–5.9 799 9096 8.8

6–11.9 323 8283 3.9

12–23.9 467 7485 6.2

24–35.9 322 5910 5.4

36–47.9 210 4472 4.7

48–59.9 135 3385 4

60–71.9 90 2694 3.3

72–83.9 72 2160 3.3

84–95.9 49 1769 2.8

96–107.9 52 1449 3.6

108–119.9 40 1191 3.4

≥ 120 97 958 10.1

Unknown 6

Total 2662
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10% were prescribed aspirin and 15% were prescribed statins. Furthermore, only 70.6% had a 
meaningful weight recorded prior to their diagnosis with IGT/IFG and, even when a weight was 
recorded, the median time between most recent weight and diagnosis was long. This may reflect 
the fact that weight monitoring was being undertaken by practice nurses who, at least in the 
past, may not have recorded clinical data electronically. Medications to treat IGT/IFG, such as 
metformin or glitazones, were not frequently used.

Approximately 30% of people with IGT/IFG progressed to diabetes mellitus during their 
follow-up, with 42% of those who progressed having done so within 1 year and 85% within 
5 years. Those progressing to diabetes mellitus tended to be younger than the overall IGT/IFG 
population, and were more likely to be obese, with 44% having a BMI of ≥ 30 kg/m2 compared 
with 31.6% in the general IGT/IFG population.

Conclusions

Impaired glucose tolerance/IFG appears to be underdiagnosed in UK primary care, and where 
people have been noted to have test results consistent with IGT/IFG, the diagnosis does not 
appear to trigger medications to reduce progression to diabetes, or for reduction of CVD. This 
provides a baseline for consideration of future changes.
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Chapter 7  

Modelling the cost-effectiveness of non-
pharmacological interventions for impaired 
glucose tolerance

Introduction

The modelling that follows assumes that IGT is detected by an organised screening programme 
for diabetes. Our assessment addresses the cost-effectiveness of a lifestyle intervention compared 
with routine ‘basic advice’ in patients who have already been diagnosed with IGT; the economics 
of screening for IGT are outside the scope of this project.

Although aiming to assess the expected cost-effectiveness in a UK setting, in the absence of a UK 
diabetes prevention trial, it was necessary to rely on some data from another country. We chose 
to source the effectiveness data from the Finnish DPS,183 as the DPS was considered to be most 
similar to what could happen in the UK, as well as Finland being a European country with a state 
health-care system.

Conceptually, the modelling is relatively straightforward, but the evidence base underpinning the 
numerous assumptions and modelling methods is often complex. In particular, the prediction 
of long-term diabetes incidence and adjustment of cardiovascular risk scores according to 
state of glucose tolerance are subject to considerable complexity and uncertainty. We have 
undertaken a number of sensitivity analyses to demonstrate the importance of key assumptions 
and parameters.

Summary of the Sheffield Type 2 Diabetes Model
The Sheffield Type 2 Diabetes Model is an integrated health-state simulation model of the 
natural history of diabetes and the lifetime cost-effectiveness of different treatments for T2DM. 
The model replicates patients’ risk of progression through five comorbidities: retinopathy, 
nephropathy, neuropathy, CHD and cerebrovascular disease. The intensity of management and 
monitoring can be varied by altering targets, such as those for glycaemic control, requirement 
for insulin, blood pressure control, and intensity of lipid-lowering therapy. For microvascular 
complications, the model is largely based on the Eastman models,285 using results from the 
Diabetes Control and Complications Trial (DCCT). For macrovascular complications, the 
model uses equations from the UKPDS.286–288 The time spent by patients in each state for each 
comorbidity is recorded, for example years spent on dialysis, severe vision loss, etc., together 
with transitions between states. The effects of treatments on complications are modelled 
either via a RR (e.g. for the effect of photocoagulation on risk of severe vision loss) or via the 
effect on underlying risk factors (e.g. the effect of antiglycaemic medication on HbA1c level). 
Complications are driven by individual demographic and modifiable characteristics at each time 
period, and the model includes diabetes and other-cause mortality. Total costs are obtained by 
adding the costs of therapy, the costs of one-off treatments (e.g. cost of amputation), and ongoing 
treatment of complications (e.g. treatment following stroke). The health benefit, the incremental 
QALYs, is obtained by applying QoL measures to the time spent in the various diabetic health 
states. Cost-effectiveness estimates for potential interventions are obtained by dividing the total 
costs by the incremental QALYs.
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Methods

Model structure
The structure of the model used to assess the cost-effectiveness of lifestyle interventions to 
prevent diabetes is shown in Figure 8. ‘Control parameters’ include HbA1c level switching 
thresholds for oral hypoglycaemic agents (OHAs) and insulin, targets for blood pressure, and 
assumptions regarding lipid-related therapy.

Inputs and parameters specific to this assessment of interventions for preventing diabetes include:

 ■ incidence curves over time for diabetes in patients with IGT
 ■ the RR for diabetes of lifestyle interventions
 ■ the cost of lifestyle interventions
 ■ the effect of lifestyle interventions on other measures, such as weight and blood pressure.

Baseline characteristics
Table 14 below shows the baseline characteristics, some of which are discussed further below.

Characteristics were generated for 40,000 patients who progressed to diabetes. Matching 
between the two arms was undertaken (using ranking of duration to progression to diabetes) so 
that the same patient could not progress to diabetes faster in the intervention arm than in the 
control group.

Age
In the Finnish DPS183 the baseline age was 55 years. Analysis of GPRD data gave an age of around 
60 years at diagnosis of IGT, as reported in Chapter 6. Given that the age might be lower in the 
context of an organised screening testing programme, we chose 55 years as the average baseline 
age and sampled age characteristics used the standard deviation (SD) of 13.5 from the GPRD 
analysis. Baseline age was limited to a range of 45–65 years because the value of treating older 
patients with IGT may be limited, as it has been suggested that diabetes is not an additional risk 
factor for CHD for men of > 65 years of age.289 The range of 45–65 years is also in line with the 
range in DPS. Applying this criteria to age range led to a reduced SD of 5.8.

Stroke prevalence
The EPIC (European Prospective Investigation into Cancer) study290 reported a prevalence 
of heart attack or stroke of 5.5% in the 5–5.4% HbA1c group and 8.8% in the 5.5–6.9% group. 
Based on this we estimate the prevalence in a group with baseline HbA1c level of 5.80% to be 
7.5%. Based on previous analyses, we split this in the ratio 7 : 3 between CHD and stroke, i.e. 
approximately 2% for stroke.

Microvascular complications
We assume that patients with IGT have been detected sufficiently early for the incidence of 
complications to be negligible.

Mix of impaired glucose tolerance/impaired fasting glucose and risk 
profile of cohort in the model
As discussed in Chapter 1 (see Progression to type 2 diabetes mellitus from impaired glucose 
tolerance or impaired fasting glucose), the co-existence of IFG alongside IGT has implications for 
risk of progression to diabetes. The purpose of the modelling is to assess the cost-effectiveness 
of treating the IGT population in the UK. The generalisability of the DPS183 incidence rates to 
the UK IGT population therefore needs to be considered. The DPS183 was a group of individuals 
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at high risk of diabetes. Progression among a group representing the full range of IGT would be 
expected to be lower, as shown in several studies, such as the study in Bedford44 (see Chapter 1, 
Progression to type 2 diabetes mellitus from impaired glucose tolerance or impaired fasting glucose). 
Whether the DPS183 was a higher-risk group than would be identified via a UK vascular risk 
programme depends on the choice of methods for identifying and screening patients, and the 
cut-offs used within these methods.

The 4-year incidence of 29% from the GPRD analysis (see Table 13) is similar, however, to the 
4-year incidence in the control arm of the DPS,183 so this suggests that the risk profiles of the 
DPS183 and patients currently identified as having IGT in the UK may be reasonably similar. We 
have also undertaken a sensitivity analysis assuming a lower effectiveness for the intervention 
relative to our ‘basic advice’ arm.

In the DPS, the mean baseline FPG was 109.5 mg/dl with a SD of 14. Based on the ADA criteria 
for IFG of 110 mg/dl,293 this suggests that a considerable proportion of the DPS participants183 had 
both IFG and IGT. Hoerger et al. (2007)262 reported that, in the National Health and Nutritional 
Examination Survey III (NHANES III), only 43% of patients with pre-diabetes had isolated IGT, 
and 26% had both IGT and IFG, so the DPS183 might have had more patients with both IGT and 
IFG than in a population setting. Valensi et al. (2005)294 reports that in all prevalence studies to 
date, up to half of subjects with IFG have IGT, whereas a lower proportion (20–30%) with IGT 
also have IFG.

Two considerations follow from this:

TABLE 14 Baseline characteristics of the model

Characteristic Value: mean (SD) or % Source/assumption

Age 55 (5.8) Mean per Finnish DPS183

SD calculateda

Gender 50% Assumption (only 33% were male in DPS183)

Weight (kg) 86.1 DPS

Two-hour glucose (mmol/l) 8.82 (1.47)

Maximum set to 10.75, otherwise borderline diabetic

DPS

HbA1c
 (%) 5.80 (0.08) Derivationb from Woerle et al.291

Total cholesterol (mmol/l) – 
pre-statin level

5.57 (0.93) DPS

LDL-C (mmol/l) 3.56 Estimated using Friedewald formula 
HDL-C (mmol/l) 1.20 (0.30) DPS

SBP (mmHg) 138 (17.5) DPS

Smoking 15%c QOF 2004–55

Ethnicity 86.3% white people, 4.4% Afro-Caribbean, 9.3% Asian Derived from YHPHO Diabetes Prevalence Model 
(Phase I) 6

Atrial fibrillation 1% UKPDS 60286

History of MI 6% Saydah et al.292 (IGT patients)

History of stroke 2% See below

QOF, Quality and Outcomes Framework.
a See Effect of intervention on weight and systolic blood pressure, later in this report.
b Average of HbA

1c
 values for the two categories in table 2 that have 2-hour glucose close to DPS183 baseline of 8.82 mmol/l (= 159 mg/dl), i.e. 

average of 5.65 and 5.93 mmol/l.
c This was for diabetes but similar rate (17.1%) in EPIC290 5.5–6.9% HbA

1c
 subgroup (Khaw et al., BMJ 2001290).



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Gillett 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 NETSCC.

99 Health Technology Assessment 2012; Vol. 16: No. 33DOI: 10.3310/hta16330

 ■ The baseline diabetes incidence rate in the DPS might have been higher than observed in a 
population setting The Hoorn study [de Vegt et al. (2001)295] reported that patients with 
both IGT and IFT were nearly four times as likely to develop diabetes than those with 
isolated IFG or isolated IGT. Nathan et al. (2007)296 report that individuals with both IFG 
and IGT develop diabetes approximately twice as often as individuals with just one of the 
two conditions.

 ■ The effectiveness of the intervention may depend on the mix of IGT and IFG IFG may be less 
amenable to treatment with interventions which primarily target insulin resistance.

These issues highlight the fact that cost-effectiveness may vary across different subgroups of the 
IGT population (e.g. the most obese, the highest age bracket, etc.).

Importantly, it should not be assumed that the clinical effectiveness of the DPS intervention (and 
hence our cost-effectiveness results) are applicable to patients with isolated IFG because:

1. The incidence of diabetes and the effectiveness of any intervention may differ.
2. The excess risk of CVD (compared with the general population) is less with IFG than IGT.55

Description and cost of intervention
Modelling a ‘real-life’ scenario
Modelling based on what happens in trials may not reflect what happens in routine care. Trials 
are protocol driven, and patients are expected to adhere to the treatment to which they are 
randomised. However, in routine care, clinical judgements are applied throughout, and if a 
treatment is not working, it should be stopped promptly. This can make treatments much more 
cost-effective, because only those people who are responding will continue to incur the cost.

The effect of this was illustrated in the review of new drugs for lung cancer for NICE.297 In the 
trials, patients continued the drugs for the full series of chemotherapy courses, if they could 
tolerate them. In routine care, the effectiveness could be assessed after one or two courses, and 
the drug was stopped if there was no response. This considerably reduced the cost per QALY.

Hence, while modelling the results, as seen in the trials, has the merit of being based on observed 
data, it may be misleading as a guide to cost-effectiveness in practice.

Lifestyle measures are effective in preventing or delaying diabetes if adhered to but not all 
patients will adhere. This will apply even when those starting lifestyle interventions have been 
self-selected by, first, volunteering to be screened knowing what intervention would follow, and, 
second, coming back for intervention after being found screen positive.

There will probably be a range of adherence, rather than a dichotomy into full adherence and 
none. But, broadly speaking, some people will succeed and others will not. There is little point 
in pursuing lifestyle measures in those who do not adhere sufficiently, especially when we have 
an effective and inexpensive alternative – metformin. (However, lifestyle will always be the first 
choice, as it is more effective. In the DPP, lifestyle changes reduced the development of diabetes 
by 55%, and metformin by 30%, although the advantage of lifestyle changes over metformin was 
most evident in the > 45-year age groups.)

If we abandon lifestyle interventions in the non-adherent group, those left in the intervention 
group will be those doing best, and their results will be better than the average in the lifestyle 
groups in the trials. We will also reduce the cost, because the numbers left in the lifestyle group 
will be smaller (so we will need fewer groups, assuming that the intervention was group based). 
Simultaneously, the non-adherent group will be doing better on metformin (on the assumption 
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that most will take tablets but not exercise and diet: in the DPP adherence to metformin was 71%, 
defined as taking 80% or more of the prescribed dose.298

The question for modelling is how we define failure and at what interval. Various studies have 
shown that the effect of interventions wear off after they are stopped, or reduced in intensity.

Figure 9 shows the effect of discontinuation [based on data from Swinburn et al. (2001)299], and 
Figure 10 shows the effect of a reduction in intensity [based on data from Wing et al. (1998)238]. 
In the former, Swinburn et al. (2001)299 provided the reduced-fat diet intervention for 12 months, 
and the effect lasted for another 12 months. Weight loss was 3 kg at 6 months, 3.3 kg at 12 months 
and 3.2 kg at 2 years. However, weight gain resumed at this point, and the intervention group 
weight curve meets the control subjects after 5 years.

In the latter, Wing et al. (1998)238 provided weekly meetings for the diet groups for the first 
6 months, reducing to fortnightly for the second 6 months. As the graph shows, reduction in 
intensity was accompanied by an increase in weight. By 6 months, 30–40% of recruits had ceased 
attending. By 12 months, most had ceased to attend.
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However, in this case the non-adherers probably adhered for a short period and then relapsed. 
It seems best therefore to base discontinuation on the results from the larger trials, such as DPS, 
where there was initial improvement (weight loss and physical activity) in the first 6 months, 
maintained to 12 months, followed by a loss of some of that gain by 18 months and beyond. In 
most trials,108,238,299 results are good for 6 months, after which they tend to plateau for a while 
before the subject starts to regain weight. These results reflect the mix of adherers and non-
adherers. We will use that interval as the point at which non-adherers will leave the lifestyle arm 
and switch to metformin.

Trials such as DPP and DPS did not provide scatterplots of results at time intervals so we do not 
have distributions showing how many succeeded. However, the DPS reported progression to 
diabetes by ‘success score’ based on how many of the five lifestyle goals were met. Diabetes did 
not develop (at the 12-month visit) in any of those who achieved all five goals. If we take a success 
score of three or more as the indicator of adherence then only 37% of the intervention group 
adhered. 13% of the control group also achieved this level of success, so standard care works for 
some: the marginal effect of intervention was 24%.

Therefore, assumption 1 is that only about 40% will do well enough to justify 
continued intervention.

In addition to the interval, we also need to decide how to define failure. The key result in the 
trials is weight loss, except in the Indian trial,173 in which the intervention groups did not show 
significant changes in weight from baseline (although the control group gained weight). The key 
indicator of failure, therefore, should be not losing weight or not losing enough weight. That 
raises the question of defining ‘enough’, which has to be applied at the time point of switching 
treatment: 12 months. In the DPS, the average amount of weight lost was modest (3.5 kg at 
2 years, vs 0.8 kg in the control group – but with a large SD of 5.5 kg, indicating that some had lost 
a lot of weight), but was clearly enough to reduce progression to diabetes. The target weight loss 
in the DPS was ≥ 5 kg and this was achieved by 43% at 12 months and 42% at 2 years. The group 
that lost most weight showed the greatest gain in insulin sensitivity after four years.218 At the 
7-year follow-up, weight loss was the strongest predictor of success, and in multivariate analysis, 
weight loss was the only factor that remained significant.213,214

In the DPP, the intervention group lost on average 7 kg by 6 months. In the DPP, the target was 
weight loss of ≥ 7%, and that was achieved by 50% at the 24-week follow-up point (when the 
16-lesson curriculum ended). Weight loss was the main determinant of diabetes prevention in 
the DPP.193

With good compliance, patients should be losing weight slowly but steadily, about 2 kg per 
month, or about 1 lb a week. That would suggest a loss of about 12 kg at 6 months. The DPS and 
DPP results show much less than that in the lifestyle groups, but their means reflect the full range 
of compliance, so those who adhere best will achieve more. In the DPS, those in the highest 
tertile of weight loss achieved losses of 8–17%, equivalent to 7–15 kg. Those who lost less had 
very little improvement in insulin sensitivity.

The definition of failure might therefore be taken as weight loss, being liberal, of < 5% at 
6 months, which would exclude 60% of those in the DPS, namely those who did not achieve three 
or more of the targets. (See Projected incidence of diabetes: intervention arm.)
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Duration and cost of intervention
The intensive intervention is assumed to continue for 4 years as per the median active 
intervention period in the DPS.214 After that, an annual appointment with a nurse is assumed 
each year to check glycaemic status and re-enforce advice. We chose not to assume a longer 
period of intensive intervention because:

 ■ there are no data to show the effect of a longer treatment duration
 ■ the DPS214 showed sustained reduction in risk of diabetes beyond the 4-year trial and 

intervention duration. It can be argued, therefore, that in many patients who achieve targets, 
the lifestyle changes become engrained beyond 4 years.

Costs per annum are based on resource use reported in an economic analysis of the DPS 
intervention in a Swedish setting.221 These are separate for the first and subsequent years and are 
shown below in Table 15.

These bottom-up costs reconcile well with the total costs of €730 and €498 reported in Lindgren 
et al. (2007).221

Although UK unit costs are available from Curtis (2007),300 we did not use these to build up a 
total UK cost because the duration of contact time for each resource of the DPS was not reported.

The costs associated with time and travel to physicians were excluded from our analysis, as these 
are indirect costs.

For the unit cost of the intervention, we have costed in all seven dietitian visits offered per 
protocol as though adherence is 100%. The actual costs incurred are adjusted for non-adherence 
as described below (see Adherence to interventions). There may be some difference between the 
cost of circuit-type resistance training reported in the DPS221 and the cost in real life. The average 
participation rate among those who are successful in achieving lifestyle goals would be higher 
than the 67.5% assumed in the DPS.221 However, in real life, the number of participants would 
initially be sufficient to generate work for several classes, so that if attendance dropped, classes 
would probably be able to merge, rather than being less efficient for fewer people. Overall, the 
results are likely to be robust to any small variation in the cost of circuit training.

This gives a total direct intervention cost of €420 (724 minus 304) and €303 (493 minus 190). 
We have converted these direct costs to pounds sterling [GBP (£)], as we do not have data on the 
durations of time involved with each individual component. This gives first-year and subsequent 
annual UK costs of £294 and £211, respectively, using a conversion rate of €1.43 = 1 GBP.301 This 
compares with £324 and £178, respectively, reported by Avenell et al. (2004)266 costing the DPS 

TABLE 15 Cost of the interventions

Component of intervention
Unit cost – 
Sweden (€)

First year Subsequent year

Resource Cost (€) Resource Cost (€)

Visits to the physician 73 1 73 1 73

Visits to the nutritionists 39 7 273 4 156

Participation in two circuit-type resistance training sessions per week, 
each estimated to cost €818 (per year) for a group of 15 persons – 
assumes a mean participation rate of 67.5%

37 2 74 2 74

Costs associated with time and travel to physicians 38 8 304 5 190

Total cost 724 493
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lifestyle intervention using UK unit costs. After uplifting costs for inflation from 2003 levels to 
2008 levels using the Hospital and Community Health Services Pay and Price Inflation Index 
provided in Curtis (2007),300 the first and subsequent year costs used in the model are £360 and 
£260, respectively.300

In addition, we assume an annual HbA1c test costing £5 and 50% of patients requiring a 
diagnostic OGTT (because HbA1c tests are not 100% sensitive for diagnosing diabetes) costing 
£20, giving an annual average test cost of £15.

For the control arm, we have assumed that basic advice is given as a one-off at the initial GP 
visit (at diagnosis of IGT). Thereafter, we assume an annual appointment with a clinical nurse 
specialist for re-enforcement of basic advice at a cost of £14. Test costs are assumed to be the 
same for the lifestyle intervention group. We assume 100% adherence to these and that this 
achieves the clinical outcomes in line with the control arm of the DPS trial221 (these were not 
insignificant). This may be underestimating the resources needed to achieve the DPS221 control 
arms results because the protocol included annual visits (and possibly was influenced by the 
‘research effect’) and by the fact that recruits were volunteers.

Modelling transitions
In reality, transition to diabetes or regression to NGT is not a linear process. Equally, for 
patients who remain in the IGT state, there may be intermittent periods of increasing and 
decreasing glycaemia. It would be too complex for our purposes to model such variability. We 
do not have data to model the variation (across individuals) in average HbA1c levels and 2-hour 
glucose change over the 20-year horizon that we have used to project incidence of diabetes. 
For simplicity, to obtain the distribution of time to progression, we have randomly assigned 
individuals states at year 20, based on actual rates of progression in the DPS study and statistical 
modelling to 20 years. For individuals who progress to diabetes, we have also assigned a year of 
progression based on a distribution of time to progression obtained.

Progression rates in the Diabetes Prevention Study
Our analyses use data from the Finnish DPS study183 because the American DPP study108 
had a high proportion of patients with a family history of diabetes that may lead to an 
unrepresentatively high rate of progression in that study. Actual rates observed in Finnish DPS183 
are shown below in Table 16.

The integrated HR takes account of the relative cumulative incidence over the duration of the 
treatments rather than at a single end point.

In the DPS,183 the median duration of treatment was four years but median follow-up was 7 years 
with longest reported RRs at 8 years.214 Although the 43% risk reduction at year 8 was less than 
the 58% at year 4, the difference in the absolute proportion of patients who progressed continued 
to increase beyond year 4, i.e. there was a sustained reduction in risk even after the intervention 

TABLE 16 Cumulative incidence of diabetes

Treatment arm

Cumulative incidence at:

4 years 8 years 

Intervention 11% (95% CI 6% to 15%) 23% (CIs not reported)

Control 23% (95% CI 17% to 29%) 38% (CIs not reported)

RR at 4 years 0.42 0.57

(Integrated) HR 0.4 (95% CI 0.3 to 0.7) 0.57 (95% CI 0.43 to 0.76)
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had finished. A possible explanation for this is that the continuing research follow-up in DPS183 
may have been inadvertently therapeutic through motivating patients to continue adopted 
lifestyle changes, which were presumably still more intensive in the intervention arm than in 
control patients. Further data from the DPS183 report a 40% risk reduction at year 10.302

Projected incidence of diabetes: control arm
As a base case, we assume that adherence to the intervention was in line with the DPS achieving 
the same effectiveness over 8 years.

Long-term incidence of diabetes
It is difficult to extrapolate with precise accuracy the transition rates much beyond the duration 
of the DPS trial.183 One source estimates that, over the course of a lifetime, as many as 83% of 
persons with pre-diabetes (IGT), who neither lose weight nor engage in moderate physical 
activity, will develop diabetes. This compares with approximately 65% of persons with pre-
diabetes who lose weight and engage in moderate physical activity who will go on to develop 
diabetes.244,295

The available evidence suggests that incidence begins to decline: many/most who are going to 
develop diabetes will do so within 10 years, so we have assumed that the cumulative incidence 
begins to plateau (see GPRD data in Chapter 6) and adopted an exponential (declining) curve for 
incidence in the control arm. We have projected incidence to year 20 with the incidence slowing 
beyond the 8-year duration of the DPS183 as shown below. The cumulative incidence is assumed 
to reach 70% after 20 years. This may be a little low but, in order not to overestimate the benefits 
of intervention, a conservative estimate was chosen. Also, the basic advice given in the control 
arm may reduce incidence to lower levels than observed in some studies.

Projected incidence of diabetes: intervention arm
In the DPS,183 each subject was (1) given advice on physical activity, (2) offered circuit-type 
training and (3) offered seven sessions with a nutritionist during the first year of the study and 
one session every 3 months thereafter.

We assume that, after the initial 4-year course, those in the lifestyle intervention arm benefit 
from some sustained reduction in diabetes risk as observed in the DPS183 follow-up, although it 
is unclear how much is prevention compared with delay. It may be too optimistic to assume that 
the benefit of having prevented some patients progressing to diabetes is sustained indefinitely. 
The 20-year results224 from the Chinese Da Qing study also add weight to an assumed mix of 
prevention and delay.

Intervention arm strategy: assessment of success at 12 months
In the DPS,183 no subjects who achieved four or five of the targets progressed to diabetes during 
the trial, and at 10 years only 2% had developed diabetes. This suggests that the intervention 
was highly effective, if complied with. But many patients either do not respond well to lifestyle 
interventions or do not adhere to them. This means that expensive interventions may not be 
worthwhile in these patients and affordability could be improved by linking continuation of the 
intervention to attainment of targets.

Based on the proportion in the DPS183 who failed to achieve a goal success score of ≥ 3, we 
assume that 60% of patients switch away from the lifestyle intervention arm after 12 months. 
This is same proportion who also failed to achieve the 5% weight loss target at 12 months. We 
will refer to the subgroups that did and did not achieve a goal success score of ≥ 3 as ‘responders’ 
and ‘non-responders’ from this point. In the main analysis, patients who are switched off the 
intensive lifestyle intervention are assumed to subsequently receive the same intervention as 
control subjects.
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Projecting incidence of diabetes for responders and non-responders
Responders
For the overall lifestyle group, the RR for having developed diabetes compared with the overall 
control group increased over time from 0.48 at year 4 to 0.65 at year 8 (although the absolute 
difference in incidence remained about the same, suggesting that there is some sustained 
protective effect after 4 years). Fitting curves to the data for the intervention period and follow-up 
period suggests a logarithmic form that is consistent with the concept of an increasing RR but 
one that increases at an ever slower rate (because of some sustained preventative effect).

Among those in the lifestyle intervention group of the DPS achieving a success score of ≥ 3 at the 
end of year 1, the incidence of diabetes during the intervention period was 2.2% (2/87) compared 
with 24% (56/233) in the overall control group, giving a RR of 0.10 (95% CI 0.02 to 0.38). The RR 
was 0.67 for non-responders in the lifestyle arm compared with the overall control group.

In order to estimate how the RR in the responders changes between year 4 and year 8, we 
explored alternative scenarios for how the RR in responders and non-responders might change, 
while the combined RR changes from 0.48 to 0.65. A conservative but plausible scenario is for 
the RR in the non-responders to change from 0.67 at year 4 to 1.0 at 20 years. The corresponding 
change in the responders’ RR is to increase from 0.1 after 4 years to 0.46 at year 20 as shown 
below (Figure 11).

Non-responders
For non-responders, after switching to basic advice we assume that these patients are at the 
same risk as the corresponding least successful group in the control arm of the DPS, i.e. we are 
assuming that non-response is partly a result of non-adherence to the intervention and advice. 
Based on the risk of those achieving a goal success score of 0 or 1 in the control arm of the DPS183 
(55% of patients), we obtained a RR of 1.07 for the non-responders, after switching to basic 
advice, compared with all control subjects.

Combined incidence of diabetes with a switching strategy for  
non-responders
The estimated and projected cumulative incidence of diabetes obtained, under our base-case 
strategy involving switching those who do not achieve targets, is shown in Table 17 and Figure 12. 
Actual values are estimated from the incidence curves. We assume no further incidence of 
diabetes in either arm after year 20.
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FIGURE 11 Change in RR for having developed diabetes: responders vs control group.
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Under these assumptions, for the 57% of patients in the control arm who are projected to 
progress to diabetes over the 20 years, the average time to diabetes is approximately 4.9 years 
compared with 7.4 years for the first 57% of patients to progress in the intervention arm, a delay 
of 2.5 years.

At year 20, there is a difference between treatment arms in the proportion of patients who have 
progressed to diabetes. Although it is not known whether, as we have assumed, these patients 

TABLE 17 Estimated and projecteda cumulative incidence of diabetes

Year Lifestyle intervention (%) Control (%)

0 0.0 0

1 2.1 7

2 10.1 15

3 14.5 22

4 18.4 28

5 24.0 34

6 29.0 40

7 32.0 43

8 36.5 49

9 40.2 53

10 43.4 56

11 46.0 59

12 48.2 62

13 50.1 64

14 51.7 65

15 53.0 67

16 54.1 68

17 55.1 69

18 55.9 69

19 56.6 70

20 57.2 70

a Shown in italic text.
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have been prevented from developing diabetes indefinitely, this assumption is less important for 
the overall results because:

 ■ patients will be aged 75 years on average by then so that life expectancy beyond is 
much reduced

 ■ any convergence of the incidence curves beyond year 20 is likely to be gradual
 ■ costs and benefits beyond the 20-year horizon will be heavily discounted.

Alternative scenarios for projected cumulative incidence of diabetes
Although we believe that the above assumptions are reasonable for the base-case analysis, the 
incidence projections involve considerable extrapolation and assumptions. Therefore, we have 
adopted two alternative scenarios to be tested within the sensitivity analyses:

1. a more conservative scenario in which the cumulative incidence curves gradually close until 
they converge after 20 years

2. a more optimistic scenario in which the sustained benefit in those who achieve lifestyle 
targets is greater – in this case the RR of having developed diabetes in responders is assumed 
to increase from 0.1 at year 4 to 0.18 at year 20 (this is obtained by adopting an alternative 
assumption for how RR of diabetes changes after year 4 for non-responders compared with 
control subjects, this assumption being that it increases to 1.0 by year 10).

Alternative treatment pathway for non-responders
In a sensitivity analysis, non-responders are switched to metformin rather than basic lifestyle 
advice, in line with IDF guidance.303 The DPP showed that the RR for progression to diabetes 
with metformin increased with age at baseline, although there was some benefit even in the 
oldest subgroup.194 For our population starting with an average age of 55 years, we estimated the 
RR compared with placebo to be 0.75. Although we assumed that metformin would be given 
indefinitely (given its very low cost), over an intervention period spanning 20 years, the RR is 
likely to be higher than that observed in the DPP, with an average follow-up of only 3.2 years. For 
the purposes of the modelling, we considered it more conservative to use the RR for a 65-year-old 
at baseline, which we estimated to be of 0.83.

Adherence to interventions
Lifestyle intervention
In generating the above incidence curves, we have assumed that adherence to our intervention 
mirrors that in the DPS.183 The absence in the real world of financial incentives (e.g. 
reimbursement of travel expenses) is not considered as being likely to affect adherence as any 
prevention programme would be readily accessible to most patients using local GP surgeries and/
or pharmacies. In the DPS,183 the average reported change in dietary and exercise habits during 
the first year was 58%, suggesting suboptimal adherence. As with many lifestyle interventions, 
it is also likely that adherence levels in the DPS fell after the first year. However, patients who 
adhere least are most likely to be the ones who do not achieve the lifestyle goals and are switched 
(either to control therapy or to metformin) after 12 months.

These levels of adherence are assumed:

 ■ 58% average adherence across all patients during year 1
 ■ 100% adherence in the 40% of patients who remain on the intervention until year 4, and 

100% adherence to the ‘re-enforcement intervention’ thereafter.

The intervention costs each year are adjusted according to the adherence level.
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Metformin
In the DPP in USA,108 adherence in the metformin arm was 72%.108 We assume the same level is 
achievable in the real world. Some studies have reported lower rates of adherence to metformin 
so, during interim analyses, we tested out the effect of only 40% adherence to metformin when 
prescribed to prevent diabetes (assuming a linear relationship between level of adherence 
and reduction in risk of progression to diabetes). The results were not very sensitive to this 
assumption so we did not include this sensitivity analysis in the final analyses.

Non-progressors and regressors to normal glucose tolerance
In patients who do not progress to diabetes, there may still be some benefit from lifestyle 
intervention through improved cardiovascular risk profile, especially reduced SBP. Lower 
glucose levels, better lipid profile (e.g. HDL-C improvement through exercise) and the effect of 
weight loss or increased physical activity on CVD (independent of the above risk factors) may 
also confer benefits but appear to be less significant or unknown. Weight loss is also known to 
improve QoL.

However, in the absence of any evidence on differential CVD risk profiles between treatment 
arms for those who remain with IGT, we have not included any such effects.

Similarly, we have not modelled rates of regression to NGT because there is a lack of evidence to 
accurately quantify:

 ■ timing of regression
 ■ the benefits of relatively small differences in glycaemia at relatively low levels (i.e. below the 

threshold for IGT but above the normal level).

Not including such effects has a conservative effect on the cost-effectiveness of 
lifestyle interventions.

Other treatment and monitoring assumptions for impaired glucose 
tolerance patients

Some patients with IGT have a high enough risk of a CVD event that they should be taking 
statin therapy. This is because of a combination of their age, presence of features of the metabolic 
syndrome, or presence of established CVD. We estimated that approximately 20% of patients 
should already have a prescription for a statin at the point of diagnosis of IGT.

For this assessment, assumptions in respect of the benefit from statin therapy are important in 
setting a baseline level of CVD risk. We assume an average dose of 40 mg generic simvastatin 
at a cost of £3.80 per 28 [British National Formulary (BNF) 54].304 Only 5.5% of patients in DPS 
were treated at baseline with lipid-lowering therapy, so the baseline LDL-C level of 3.56 mmol/l 
as per Table 14 is effectively the pre-statin level. With an underlying adherence rate of 86% in 
statin trials,305 an LDL-C fall of 37% with 40 mg of simvastatin is expected based on the analysis 
of Law et al. (2003),306 i.e. 1.32 mmol/l. This reduction would lead to a RR of CHD with statins 
of 0.50 taking the rate for 60-year-olds to be most appropriate for this purpose. It is assumed 
that primary and secondary prevention RRs are similar307 and that these are similar in diabetic 
people and non-diabetic people.308. Given a 10% fall in stroke per 1.0 mmol/l fall in LDL-C, a 
1.32 mmol/l fall in LDL-C is assumed to give a RR of stroke of 0.91.32/1 = 0.87. Adjustment to CVD 
risk is made for the difference between the real-world statin adherence level [which we assumed 
to be 60% guided by Kopjar et al. (2003)305 and Penning-van Beest et al. (2007)309] and that in the 
trials (on which the above RRs were based).

In both arms, we assume an additional appointment with a GP nurse each year to monitor 
IGT status.
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No testing for microvascular complications is assumed until a patient becomes diabetic (even 
though some retinopathy and albuminuria develops in patients with IGT).

Glycaemic progression during impaired glucose tolerance
Studies such as that by Ferranini et al. (2004)258 report that there is a relatively rapid increase 
during the latter stage of progression when the pancreas is no longer able to adequately 
compensate fully for the effect of insulin resistance. Lifestyle intervention in the US DPP108 
reduced HbA1c levels from approximately 5.9% to 5.8%.

Subsequently, a linear rise in glucose, especially where transition to diabetes is slow, might 
overestimate the raised cardiovascular risk during the earlier period of progression. For this 
reason we have assumed an exponential rate of increase in HbA1c level from the baseline level to 
that at diagnosis of diabetes.

The HbA1c level at the time of clinical diagnosis of diabetes will be determined by the sensitivity 
of test to diabetes. If an OGTT was carried out annually as in the DPS,183 the HbA1c level at 
diagnosis would be relatively close to the diagnostic level shown above (5.85%). In the NHS, 
however, an FPG or HbA1c test might be preferred as the initial test as it is more practical – this 
might result in a higher HbA1c level at diagnosis. Our previous work modelling screening for 
diabetes estimated 6.4% to be level at diagnosis in a cohort without annual testing. In CDC 
and Eddy models, UKPDS levels were used but quite clearly HbA1c would be much lower with 
annual monitoring.

Participants in the DPP had a mean HbA1c level of 6.4% at the onset of diabetes with 6-monthly 
testing (from baseline of 5.9%).244

We have assumed 6.2% to be a reasonable estimate of HbA1c level at diagnosis (Table 18).

Two-hour glucose adjustment
We were unable to establish the significance of changes in 2-hour glucose levels arising through 
the lifestyle intervention. The DECODE study group demonstrated an association between 
2-hour glucose and CVD mortality suggesting this might be a parameter worthy of inclusion in 
the model, especially as 2-hour glucose changes proportionally more than HbA1c level during 
progression from IGT to diabetes.51 However, we decided that there is too much uncertainty and 
complexity to attempt to take account of this because:

 ■ whether the relationship between 2-hour glucose and CVD events is causative has not been 
firmly established

 ■ HbA1c level is a parameter in the UKPDS risk engines and is correlated to 2-hour glucose 
(although the correlation itself changes as HbA1c increases)

 ■ the effect of treatment after diagnosis of diabetes is less clear (it was not recorded in UKPDS).

TABLE 18 Average HbA1c levels at different stages of glucose tolerance

Stage HbA1c level (%)

HbA
1c

 at diagnosis of diabetes in practice 
among annually monitored patients IGT

6.2

Onset of diabetes 5.872

IGT 5.6

NGT 5.3 (assumption) 
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Effect of intervention on weight and systolic blood pressure
Weight loss is not only an important determinant of the differences in diabetes risk already 
discussed, but also of changes in QoL and CVD risk factors. The reported and expected changes 
in weight over the long term can guide assumptions about differences between groups in QoL 
and CVD risk factors.

Intervention arm
Weight loss reported in the DPS183 over the first year was 4.2 kg in the intervention arm. In the 
intervention arm, this fell to 3.49 kg after 2 years, and 2.09 kg after 5 years on average. However, 
for success scores from 0, 1, 2, 3, to 4–5, the 3-year weight reductions were 0.5%, 2.1%, 4.3%, 
4.7%, and 8.7%, respectively. Combining this with the number of patients with each success 
score gives an average weight loss of 7% (or 6 kg) in the subgroup which continues with the 
intervention after the first year. We assume that this weight loss was fairly stable throughout the 
intervention period.

In the UKPDS, the mean weight loss was 5 kg over the initial 3 months of dietary advice and 
monthly visits but, without a sustained intervention, weight subsequently increased again.27 
Similarly, beyond the active intervention period of the DPS, there was noticeable regain of 
weight, on average, in the intervention group. Although this is likely to be greater in those 
patients that had not established improved lifestyle habits during the intervention period, 
some longer-term regain might still be expected in the group that adheres to the intervention 
for 4 years. We assume that the weight loss of 6 kg, in those that remain on the intervention, 
is sustained until year 4, but is on average only 3 kg between years 5–8, and is lost completely 
beyond year 8. We consider these to be fairly conservative assumptions.

Control arm
Weight loss reported in the DPS183 over the first year was 0.8 kg in the control arm. This figure 
gradually declined over the 4-year study period, so we have assumed an average weight loss of 
0.4 kg over the 4 years.

Switchers to metformin (sensitivity analysis)
For patients who switch to metformin after the first year, weight loss would have been 2.6 kg 
in the first year but is assumed to cease after stopping the intervention. After switching, 
metformin would be expected to induce some weight loss. Based on the 0.3 kg weight loss per 
annum (p.a.) in the ADOPT study,310 we assume an approximate 1.1 kg weight loss on average 
during treatment.

Weight changes due to oral hypoglycaemic agent and insulin
For patients starting on metformin, we assume a 1.1 kg weight loss as outlined in the previous 
paragraph. Addition of sulphonylurea to metformin is assumed to add 2.6 kg to weight. We have 
assumed an initial rise in weight of 3.5 kg in the first year following insulin therapy, followed by a 
trend of +0.3 p.a. The assumptions behind these are shown in Appendix 5.

It should be noted that the effect of insulin on QoL may be greater than the effect of weight 
change. This is a subject of debate as it has been suggested that many patients adapt to the 
demands of regular injections and the discomfort of self-monitoring. Two QoL studies 
[CODE-2,311 Coffey et al. (2002)312] that measure the effect of insulin do suggest, however, 
a significant effect of around –0.03, which seems greater than that explained by weight 
change alone.

Effect of weight loss on cardiovascular risk
We are unaware of any clear evidence of whether weight is an independent risk factor for CVD in 
diabetic people after taking account of the risk factors in the UKPDS equations.
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Effect of intervention on blood pressure
In the DPS, patients’ blood pressure (and cholesterol) was checked at annual visits, and they 
were advised to contact their physician for treatment and follow-up if levels were abnormal. 
However, use of antihypertensive drugs was unchanged from baseline to year 1 in each arm, 
so the difference between treatments in the reduction in SBP at the end of year 1 (5 mmHg vs 
1 mmHg; p = 0.007) can be related to the intervention effect that probably arises from the effect 
of weight loss on blood pressure. Similarly, a meta-analysis undertaken by the Cochrane group 
(which included the DPS results) reported a mean difference in blood pressure of 4.4 mmHg 
between groups.180

For the 40% of patients who achieve the goals of the lifestyle intervention, the fall in blood 
pressure would be expected to be more than 5 mmHg. Taking the reported 14 mmHg SD in the 
fall in the DPS, applying a truncated normal distribution and assuming that the best achievers 
obtain the greatest falls, gives a mean fall in SBP of 8.5 mmHg in this subgroup. However, the 
correlation between weight loss and SBP would not be perfect, so we have adopted a more 
conservative estimate of 6.5 mmHg for the average SBP fall in the lifestyle achievers. We assume 
that this reduction is maintained throughout the intervention period. Beyond this, partial regain 
of weight may lead to loss of some of this benefit, so we conservatively assumed that this is lost 
between years 5–8.

For the 60% of patients who switch away from the lifestyle intervention after 12 months, the 
average fall in this subgroup at year 1 would be 4 mmHg to agree with the average fall of 5 mmHg 
of the group. It is assumed that this is lost by year 4, as it is assumed that without active treatment 
there would be no sustained weight loss to maintain the effect on SBP.

The net effect of the above in the overall lifestyle arm (responders and switchers) is that the initial 
fall in SBP of 5 mmHg is lost at an assumed approximate constant rate of 0.63 mmHg per year.

For controls, we assume that the 1 mmHg fall in SBP at year one is gradually lost by the end of 
year four given that weight was regained. For patients in the control arm that become diabetic, 
we assume that negligible HbA1c reductions will be achieved through increased diet and exercise, 
given that they are likely to be asymptomatic with a low baseline HbA1c level of 6.2%. We also 
assume that they will not achieve sufficient diet & exercise changes to derive any SBP change at 
diagnosis. Alternative assumptions are tested out in a sensitivity analysis.

Effect of intervention on lipids
Although the Cochrane review by Norris et al. (2005)180 reported a slightly greater fall in total 
cholesterol with lifestyle interventions (0.18), it is unclear that this would be replicated in a 
setting of routine statin therapy, so we have assumed no reduction in cholesterol. Reported 
HDL-C effects are negligible. We assume that lipid levels do not change significantly from 
diagnosis of IGT to diagnosis of diabetes. This is reasonable given our assumptions on statin use.

Effect of intervention on quality of life
Weight loss has been shown in several studies to improve QoL as shown inTable 19.

A simple weighted average of the above gives a utility change of 0.0025 per kilogram change.

The incorporation of weight-based utility effects in the model is further supported by a recent 
review by Dennett et al. (2008).315

In the DPP,108 the average overall QoL over 3 years in the lifestyle group was 0.02 higher than in 
the placebo group (0.70 vs 0.68). This is more than might be predicted based on weight changes 
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alone, so lifestyle interventions may impact QoL in other ways, for example a feeling of well-
being from exercise.

Some aspects of the DPP108 were more intensive than the DPS183 (e.g. monthly follow-up, 
target weight loss of > 7% rather than 5%), so we have based our QoL assumptions on weight 
differences. This gives the effects shown in Table 20.

These effects apply only while patients are pre-diabetic.

A sensitivity analysis assuming a more conservative effect of weight on QoL, 0.001 per kg, 
was undertaken.

Relationship between glycaemia and cardiovascular disease risk
UK Prospective Diabetes Study equations and glycated haemoglobin
The relationship between glycaemia and CVD risk should be modelled as a continuous one 
between the periods before and after diagnosis of diabetes, i.e. diagnosis does not confer any 
stepped change in risk. To achieve such a continuous relationship, we decided to calculate CVD 
risks using the UKPDS CVD risk equations286–288 to predict events and mortality.

This might slightly overestimate CVD risk. Although it is reassuring that the age and duration of 
diabetes coefficients in the CVD risk equations are fairly similar, the difference in risks between 
patients with IGT and those with diabetes is not fully accounted for by differences in HbA1c, SBP 
and lipids. The greatest assumption is in using the UKPDS equations to model long-term CVD 
risk in patients that remain in the IGT state.

We considered an alternative approach of using the Framingham risk equations for patients with 
IGT. We judged that this would not be appropriate because there is no way of making the change 
in risk from IGT to diabetes a continuous one, and because the Framingham equations seemed to 
give a higher risk than the UKPDS equations anyway.

TABLE 19 Utility gain per kilogram weight loss from weight loss studies

Trial Intervention Patients Utility gain per kilogram lost

SAT as reported in Warren et al.313 Sibutramine 362 in total 0.00297

Placebo 0.00472

HTA sibutramine assessment for NICE314 Sibutramine 308 0.00185 (95% CI 0.00048 to 0.00322)

Placebo 216 0.00142 (95% CI 0.00058 to 0.00341)

TABLE 20 Cumulative weight changes

Treatment group Period Weight change (kg)
Cumulative QoL effect 
over period

Lifestyle group Year 1 –4.2 +0.0105

Lifestyle group: achievers Years 2–4 of intervention –6 +0.0150

Years 5–8 (follow-up of intervention) –3 +0.0075

Years 9+ 0 0

Lifestyle group: non-achievers (if switch to control) Years 2+ 0 0

Lifestyle group: non-achievers (if switch to 
metformin)

Years 2+ –1.1 +0.0028

Control group Years 1–4 –0.4 +0.0010

Years 5+ 0 0
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We have carried out a sensitivity analysis assuming that CVD risks in patients with IGT are 30% 
lower than predicted by the UKPDS diabetes risk equations.

Microvascular complications during impaired glucose tolerance period
Studies have reported incidence of retinopathy and albuminuria in the pre-diabetic period, albeit 
low rates.316 We have used the same risk equations as used in the full diabetes model, as these 
will generate low rates of incidence for patients with IGT because of the exponential relationship 
between HbA1c level and events.

Management of diabetes: parameters and assumptions
 ■ HbA1c threshold for switching (to OHAs): 7.4%.317

 ■ HbA1c threshold for switching (to insulin): 8.5%.

[Although earlier use of insulin might be advocated, response to insulin is known to be relatively 
poor in many overweight patients, who may therefore be more reluctant to start. Rubino et al. 
(2007)318 suggest that, in practice, many wait 5 years or more with an HbA1c level of > 8% before 
starting, and many above 9% insulin, which suggests switching at a higher threshold.318]

 ■ assumed HbA1c level cap under insulin therapy: 9.2%.
 ■ blood pressure control target (SBP, mmHg): 140 mmHg for IGT, 135 mmHg for diabetes
 ■ OHA treatment strategy for diabetes: metformin, then metformin + sulphonylurea, then 

metformin + insulin.

Effect of treatment following diagnosis of diabetes
Initial effect on glycated haemoglobin
For patients who do not receive intensive treatment for IGT but progress to diabetes, it is 
assumed that these are generally poor adherers to even basic lifestyle changes, who are unlikely 
to achieve the falls in HbA1c level and weight from diet and exercise reported after the diagnosis 
of diabetes in the UKPDS. We therefore assume no cost of intensive diet and exercise therapy and 
no benefit. This may be a pessimistic assumption – perhaps the shock of being told they now had 
diabetes (rather than just IGT) would have motivated them to make lifestyle changes.

For patients who have progressed despite intensive treatment, we assume that patients do not 
obtain a further fall in HbA1c level through diet and exercise at diagnosis of diabetes (because 
they have effectively already consumed the benefit available from this ‘therapy’).

For IGT patients monitored annually, any diagnosis of diabetes would be at a subclinical level 
in most cases. We assume that diabetes is treated intensively at diagnosis, i.e. metformin being 
added to diet and exercise, rather than waiting until HbA1c level reaches a higher level, such 
as 7%.

Long-term glycaemic progression
Based on the UKPDS, HbA1c level increases at an estimated rate of 0.2% p.a. until treatment 
is intensified.11

There is, however, some evidence to suggest that glycaemic progression is slower during the 
early stages of diabetes. Our base-case assumption is a rate of change in HbA1c level of 0.15% 
p.a. from diagnosis of diabetes until a level of 7% is reached. As this is an area of uncertainty, we 
have added a sensitivity analysis to test out the effect of a more conservative assumption, with an 
HbA1c trend of 0.1% p.a. during this ‘preclinical’ phase.
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Insulin dose requirements
Typically, the dose of insulin needed by an individual increases over time (Table 21). For this type 
of assessment in which there are significant differences between treatment arms in the duration 
to insulin initiation, it is important to use a time-dependent dose of insulin rather than a constant 
average one. We used the following time-dependent ideal doses dependent on duration of insulin 
use, assuming an average weight based on the DPS plus the effect of metformin, i.e. 85 kg, and 
an insulin dose of 0.64 units/kg (when combined with metformin) in the first year.319 In the 
UKPDS, average insulin doses increased from 0.27 units/kg per day at 3 years to 0.42 units/kg 
per day at 12 years,320 but this 60% increase is probably partly due to the low baseline. We have 
conservatively assumed that the titration rate in practice is at half of that reported in the UKPDS, 
i.e. equivalent to an increase in the daily dose of 0.02 international units (IU)/kg over the course 
of a year.

Adherence to these doses is assumed to be 71% based on Donnelly et al. (2007).321

Costs of commonly used insulins are £17.27 per 1000 IU for insulin aspart and £26 per 1000 IU 
for glargine. The corresponding costs using pens are £29.43 for insulin aspart and £39 per 
1500 IU for glargine.304 The use of glargine has increased considerably recently, as, to a lesser 
extent, has insulin detemir. The cost of glargine is considered to be a reasonable estimate of the 
average cost of insulins currently used for T2DM in the UK. 

Other model parameters and assumptions
Unit costs
Costs are based on, or uplifted to, 2007 (Table 22).

The cost of monitoring for patients that have diabetes is a significant factor in the economics of 
preventing diabetes. The additional annual cost arising through monitoring diabetes is estimated 
to be £142, as shown in Table 23. The cost of antiglycaemic medication is show in Table 24.

Utility decrements
The decrements relating to the reduction in QoL due to the presence of comorbidities are shown 
in Table 25.

Perspective and indirect costs
An NHS perspective is taken to inclusion of costs. In line with NICE guidance, indirect costs are 
excluded, for example the ongoing cost of caring for patients who have suffered a stroke includes 
only NHS costs and excludes any patient carer costs. Similarly, the indirect cost to patients of 
time and travel expenses involved in participating in a programme of lifestyle changes is not 
included in the main analysis but is worthy of inclusion in a sensitivity analysis.

We also do not account for non-diabetes-related costs [in terms of the difference between 
production and consumption as discussed in Lindgren et al. (2007)221] accruing from any 
increased life expectancy derived from the intervention).

TABLE 21 Insulin doses required for an average patient

Years with insulin

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+

IU/kg per day 0.64 0.66 0.68 0.70 0.73 0.75 0.77 0.79 0.81 0.83 0.85 0.87 0.90 0.92 0.94

Dose required per day (IU) 57 59 61 63 65 67 69 72 74 76 78 80 83 85 87
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TABLE 22 Unit costs of complications and monitoring

Unit costs Value (£)a Source

Non-fatal MI 7355 UKPDS 65322

Fatal MI 1660 UKPDS 65322

Annual cost following MI 669 UKPDS 65322

Non-fatal stroke 3411 UKPDS 65322

Fatal stroke 4875 UKPDS 65322

Annual cost following stroke 5729 Chambers et al.323

CHF incidence 3426 UKPDS 65322

CHF state cost 909 UKPDS 65322

Haemodialysis p.a. 35,000 UK Transplant324

Peritoneal dialysis p.a. 17,500 UK Transplant324

Transplant – first year 17,000 UK Transplant324

Cost of immunosuppression p.a. 5000 UK Transplant324

Annual cost of neuropathy 210 Gordois et al.325

Amputation 12,194 UKPDS 65322

Post-amputation costs p.a. 405 Palmer et al.326

Major hypoglycaemic episode 994 bHeaton et al.327

Retinal photocoagulation 1050 UK NSC328

Severe vision loss p.a. 405 UKPDS 65322

Cost of management/monitoring – clinic visits, glucose tests, and proteinuria and eye screening 142

CHF, coronary heart failure.
a Values uplifted to 2007–8 values.
b Converted to GBP at rate of US$1.8 = £1.

TABLE 23 Annual monitoring cost (per patient with diabetes)

Visits
Average 
visits

Unit cost 
(£) Cost source

Inflation uplift 
factor

Total cost 
(£)

Nurse at general practice (to do bloods, pulse check, feet, 
flu jab)

2 8.00 Curtis300 1.00 16

GP clinic 2 30 Curtis300 1.00 60

Dietitian 0.5 37 Curtis300 1.00 19

HbA1c
 test 2 6.50 UKPDS 63329 1.46 19

Eye screening (annual) 21.00 James et 
al.330

1.34 28

Total cost 142

TABLE 24 Cost of antiglycaemic medication

Drug Dose Unit cost (£)
Cost per 
day (£) Source

Metformin 3 × 850 mg per day (high dose 
assumed as first-line failure)

2.23 per 56 0.12 BNF 53331

Sulphonylurea 4 mg glimepiride daily 13.62 for 30 0.45 BNF 53331

320 mg gliclazide daily 1.91 per 60 × 80 mg 0.13

Average 0.29

Insulin (cost in first 
year of use)

Based on 0.64 IU/kg/day, average 
weight of 88.5 kg at end of first year, 
average cost of aspart/lispro and 
glargine

1.35/day for insulin 1.59 BNF 53331 and calculation including 
£0.32/day for needles/consumables/
education
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Horizon
Diabetes incidence is modelled over 20 years but the overall health consequences of having IGT 
or diabetes are modelled over a lifetime.

Sensitivity analyses
We have undertaken some sensitivity analyses around key uncertainties in the evidence base, as 
shown in Table 26. Given that the intervention is highly cost-effective in the base-case analysis, 
we have mostly focused on sensitivity analyses to demonstrate the effect that more conservative 
assumptions would make on the cost-effectiveness of the intervention.

Results

Base-case results
Table 27 provides a summary of the base-case results.

Table 28 gives a detailed breakdown of the base-case results.

The total incremental cost (per patient with IGT) of the intervention amounts to £121. This can 
be attributed largely as follows:

 ■ an additional £449 cost of the intervention (although this is partly a result of longer duration 
in the pre-diabetic state, on average, hence longer duration of both active intervention and 
follow-up treatment)

 ■ £220 saving: a mix of preventing and delaying the need for initiating expensive insulin 
therapy (a slightly lower but similar effect would have been observed if triple OHA therapy 
had been an option within the treatment pathway before insulin)

 ■ £78 saving: avoiding the excess monitoring costs (including retinal screening) that arise once 
diabetes has been diagnosed.

TABLE 25 Utility decrements relating to presence of comorbidities

Comorbidity Substate Value Reference

Diabetes with no complications (average of male and 
female)

– 0.7850 UKPDS 62332

CHD Post MI –0.0550 UKPDS 62332

CHF – –0.1080 UKPDS 62332

Stroke –0.1640 UKPDS 62332

Nephropathy Microalbuminuria –0.0110 Coffey et al.312

Gross proteinuria –0.0110

Post transplant –0.0520 Mount Hood 4 Conference data333

Dialysis –0.0780 Coffey et al.312

Neuropathy Peripheral neuropathy –0.0650 Coffey et al.312

Amputation –0.2800 UKPDS 62332

Retinopathy Proliferative 
retinopathy

–0.0200 Mount Hood 4 Conference data333

Macular oedema –0.0200

Severe vision loss –0.0800

Weight (per kg) – –0.0025 See Effect of intervention on quality 
of life

CHF, coronary heart failure.
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TABLE 26 Sensitivity analyses undertaken

Sensitivity analysis Rationale

Treatment pathways

Non-responders (goal score < 3) in 
lifestyle arm switched to metformin 
rather than basic advice (control) 
intervention

For patients with IGT in the lifestyle arm who do not adhere or respond (i.e. a goal success score of ≥ 3), 
switching to metformin is an option. This strategy can be compared with the base-case intervention arm 
to see which is the most cost-effective strategy compared with the control intervention

Intensive treatment beyond the 4-year 
DPS duration

People may regress in their lifestyle habits without continued re-enforcement, and some other cost-
effectiveness studies (e.g. Hoerger et al.262) assumed continued treatment while patients had IGT

Table 2 of the DPS follow-up paper suggests some weight regain in those free from diabetes at start of 
follow-up period, although we do not have data on whether this occurred in both study arms

A sensitivity analysis is undertaken to explore the effect of requiring three annual visits, each twice as long 
as assumed for the base-case cost of re-enforcement in the lifestyle arm post year 4

Treatment benefit

Uncertainty around long-term 
prevention with the intervention

The 4-year RR for diabetes vs all control subjects, if non-responding lifestyle participants with success 
score ≥ 2 are switched to control treatment, is 0.09. The CI around this is 0.02 to 0.38, so a sensitivity 
analysis is needed. Also, it is unclear to what extent the benefit is sustained in the long term

We undertook a sensitivity analysis assuming that the incidence curves for the two arms converge at year 
20 (see Alternative scenarios for projected cumulative incidence of diabetes)

More optimistic scenario – greater 
prevention/delay of diabetes 

Assumes that the RR of having developed diabetes in responders increases from 0.1 at year 4 to 0.18 at 
year 20 (see Alternative scenarios for projected cumulative incidence of diabetes)

Greater benefit achievable with 
treatment at diagnosis in control arm

Although these patients were unable to achieve adequate lifestyle changes to prevent diabetes, some 
lifestyle-related improvements may be achievable at diagnosis of diabetes: assumed 2 kg weight loss, 
2 mmHg reduction in SBP, 0.69% initial HbA

1c
 level fall

Diabetes progression

HbA1c
 progression during early 

diabetes
The rate of glycaemic progression after onset of diabetes is likely to be an important factor in the extent 
of the burden of complications arising from failure to prevent diabetes. The rate may be lower than during 
later stages of the disease so this sensitivity analysis tests out the effect of a slower rate of progression, 
0.1% p.a., from onset of diabetes until an HbA

1c
 level of 7% is reached

Cardiovascular risk

Effect of metformin on CHD risk The UKPDS recently reported a 33% fall in CHD risk in the metformin arm compared with placebo.334 The 
degree of risk reduction is uncertain, so we tested out the effect of a lower reduction in risk – 16%

CVD risk in patients with IGT We used the UKPDS risk engines to predict CVD risks in patients with IGT. This could lead to some 
overestimation of CVD risk, although this is uncertain. A sensitivity analysis was carried out to assess the 
effect of risks in patients with IGT being 30% lower than predicted by these equations

Other

Lower utility gain per kilogram of 
weight loss

Test out the effect of 0.0010/kg instead of 0.0025/kg

Daily cost of statins Daily cost £0.30 instead of £0.17, based on 2007 prescribing volumes (with a minority prescribed the 
more expensive atorvastatin)

Pessimistic scenario Based on incidence curves for the two arms converging at year 20, 80th percentile (i.e. lower) reduction 
in SBP and weight in the lifestyle arm compared with control arm (i.e. intervention arm relatively less 
effective). Also, assumes only 0.001 utility loss per kilogram of weight gained and that three annual visits, 
each twice as long as assumed for the base case, are needed for re-enforcement of lifestyle changes in 
the intervention arm post year 4

TABLE 27  Summary of base-case results

Scenario

Total costs (£)

Incremental costs (£)

Total QALYs
Incremental 
QALYs

Net benefita 
(£) ICER (£)Lifestyle Control Lifestyle Control

Base case 14,224 14,104 121 11.2649 11.1986 0.0663 1205 1819

a Assuming a £20,000 cost per QALY acceptability threshold.
ICER = incremental costs divided by incremental QALYs.
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Savings relating to treatment of complications were only £19.

The QALY benefits of the lifestyle intervention can be attributed largely as follows:

 ■ 0.0309: improved survival driven partly by lower average blood pressure and HbA1c levels
 ■ 0.0348: QoL impact of the significant differences between treatment arms, achieved 

through both
 – weight loss during the 4-year period of the intervention for IGT
 – preventing or delaying the weight gains that arise with sulphonylureas and 

especially insulin.

Although the incremental QALY gain seems small, in our experience this is expected for 
diabetes-related interventions that target a fairly broad patient group that is more at risk of future 
adverse health consequences than imminent ones. There is nevertheless a tangible and cost-
effective population benefit.

The table above shows that, although estimated cardiovascular mortality is reduced in the 
intervention arm, the total number of CHD and stroke events is almost the same. This seems 
counterintuitive but can be explained as follows:

 ■ The lower blood pressure levels, and to a lesser extent HbA1c levels, during the earlier years 
reduces the case fatality rate so that the proportion of events that are fatal is lower in the 
intervention arm.

 ■ A delayed diagnosis of diabetes results in delayed initiation of metformin therapy, which is 
likely to be cardioprotective – this has an upwards effect on the total number of CHD events 
in the intervention arm relative to the control arm.

 ■ Lower blood pressure levels in the intervention arm during the earlier years result in lower 
CVD risk and fewer patients crossing the threshold for starting statin therapy – this also has 
an upward effect on the relative number of events in the intervention arm compared with the 
control arm.

 ■ The reduced mortality in the intervention arm leads to greater secondary non-fatal events 
(because more patients are alive and at risk of recurrent events).

Even though total CHD and stroke events may not be reduced as expected, there is a reduction 
in CVD mortality and less heart failure, as well as other significant benefits – largely a delay 
in the need for insulin (or other expensive antiglycaemic therapy) and improved QoL due to 
weight loss.

In the sensitivity analysis (see Sensitivity analysis results, below) in which those not achieving 
lifestyle goals with the intervention subsequently switch to metformin rather than basic lifestyle 
advice, both non-fatal and fatal CHD events were lower in the intervention arm. This is because 
of the expected effect of metformin on CHD risk and is one of the factors that needs to be 
considered in evaluating the merits of using lifestyle or metformin therapy for prevention 
of diabetes.

Affordability
Even if the intervention is cost-effective in the long run, an equally important outcome is how 
affordable the intervention is initially, as often cost savings are generated in the longer term. For 
a lifestyle intervention the net 1-, 3-, 5- and 10-year cumulative outlay per patient diagnosed with 
IGT is shown in Table 29. Ten-year cumulative outlay is estimated at approximately £346 per 
patient, i.e. significant investment is needed in the early years, even though the intervention is 
likely to result in small annual cost savings in the long run through reduced costs of monitoring 
diabetes, and lower therapy costs (especially insulin).
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Figure 13 shows than annual net investment over the first 10 years. Within 5 years, annual cash 
flows are predicted to be positive.

Compared with drug therapies, lifestyle intervention can be relatively labour intensive and the 
staff resourcing needs of a national programme, whether through the NHS or external contract 
arrangements, would need to be carefully assessed.

Sensitivity analysis results
The following key sensitivity analyses (Table 30) have been undertaken (as per Sensitivity 
analyses, above).

Discussion

Our analysis suggests that a lifestyle intervention, when continued in those who respond during 
the first year, is highly cost-effective. This is still the case across a range of one-way sensitivity 
analyses, including a very cautious scenario that assumes the incidence of diabetes curves 
converge. A pessimistic scenario combining several conservative assumptions still yields cost-
effective results. This is not particularly surprising given that:

 ■ Non-responders do not continue to participate with the intervention.
 ■ Even if, in the long-term, the incidence curves almost converge (which seems unlikely), 

there would still be delays in progression to diabetes which delay the need for expensive 
antiglycaemic therapies.

 ■ Weight loss achieved, even if not sustained in the long term, leads to short- to medium-term 
QoL benefits.

TABLE 29 Cumulative net incremental investment cost per patient over time

Time horizon (years) Cumulative net financial investment (£)

1 177

3 338

5 397

10 346

15 279

20 195
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TABLE 30 Results of key sensitivity analyses

Sensitivity analyses
Incremental 
costs (£)

Incremental 
QALYs ICER (£) Effect on cost-effectiveness

Treatment pathways

Assuming that patients who do not achieve a goal score 
of ‘3’ with the intensive lifestyle intervention switch to 
metformin rather than control intervention

–45 0.1322 Intervention 
dominates

Strategy with non-responders 
switching to metformin is 
dominating (more efficacious and 
cost saving) and more cost-effective 
than switching to basic advice

Treatment in the intervention arm beyond 4-year DPS 
intervention: assume three annual visits needed, each 
twice as long as assumed for the base-case cost

283 0.0663 4277 Intervention still cost-effective

Treatment benefit

Uncertainty around long-term prevention with the 
intervention (assume that the incidence curves for the 
two arms converge at year 20)

453 0.0537 8437 Intervention still cost-effective

More optimistic scenario – greater prevention/delay 
of diabetes (see Alternative scenarios for projected 
cumulative incidence of diabetes)

–28 0.0685 Intervention 
dominates

Greater benefit achievable with treatment at diagnosis in 
control arm (2 kg weight loss, 2 mmHg reduction in SBP, 
0.69% HbA

1c
 level fall)

176 0.0482 3658 Intervention still cost-effective

Diabetes progression

Slower HbA1c
 level progression during early diabetes 

(0.1% p.a.)
129 0.0666 1943 Intervention still cost-effective

Cardiovascular risk

Lower effect of metformin on CHD risk 158 0.0755 2097 Intervention still cost-effective

CVD risk while IGT 30% lower than obtained from UKPDS 
diabetes risk equations

36 0.0848 419 Intervention still cost-effective

Other

Lower utility gain per kilogram of weight loss: 0.0010/kg 
instead of 0.0025/kg

121 0.0454 2657 Intervention still cost-effective

Daily cost of statins £0.30 instead of £0.17, based on 
2007 prescribing volumes (with a minority prescribed the 
more expensive atorvastatin)

116 0.0663 1752 Intervention still cost-effective

Pessimistic scenario

Based on incidence curves for the two arms converging 
at year 20, 80th percentile for the change in SBP and 
weight in the lifestyle arm compared with control arm 
(i.e. intervention arm relatively less effective). Also, 
assumes only 0.001 utility loss per kilogram of weight 
gained and that three annual visits, each twice as long 
as assumed for the base case, are needed for re-
enforcement of lifestyle changes in the intervention arm 
post year 4

587 0.0351 16,720 Intervention still cost-effective

Critical success factors of the Diabetes Prevention Study
To our knowledge, it is not known which components of the DPS were critical in achieving the 
required weight loss that seems to be a threshold for reducing risk of diabetes. Replicating the 
effectiveness of the DPS in a real-world UK setting may be dependent on specific goals, perhaps 
significant uptake of exercise classes, as weight loss is known to be frequently less effective when 
pursued through dietary approaches alone.
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It might be possible to design a cheaper intervention than that used in the DPS but with the same 
effectiveness, perhaps taking into account any advances, since the DPS, in knowledge on optimal 
diets for reducing diabetes risk, or using counselling to re-enforce behavioural changes.

Maintaining lifestyle changes in the real world
Ability to comply with, and respond to, lifestyle changes varies from patient to patient, 
particularly the ability to lose weight. Even in the DPS, only 43% achieved the weight reduction 
goal, and 36% of subjects increased their physical activity. Furthermore, the Good Ageing in 
Lahti Region (GOAL) Lifestyle Implementation Trial demonstrated that replicating, in the real 
world, the same degree of physical activity and weight reduction as that observed in trials may be 
difficult.335 Re-enforcement of lifestyle changes through effective counselling strategies might be 
possible nevertheless.133

Durability of benefit in responders
In the DPS, the HR for diabetes in the intervention arm increased steadily between years 4 and 
8. This is probably owing to a mix of participants not sustaining the intensity of lifestyle changes, 
a wearing-off of the protective effect of the intervention, and age-related beta cell loss. In those 
that successfully sustain weight loss and other lifestyle changes, the extent to which the benefit of 
preventative interventions is sustained in the long term will determine whether diabetes can be 
truly prevented rather than just delayed.

Affordability of the lifestyle intervention
Well-supported lifestyle interventions are typically not cheap, more than the cost of first-line 
drug treatment for diabetes including the monitoring cost. If lifestyle interventions are not 
affordable because of the initial investment needed, or are beyond available manpower resources, 
then metformin, although less effective in trials, might be a cheap and convenient alternative 
(metformin costs only £44 per year). This is particularly relevant to non-responders to a lifestyle 
intervention. A sensitivity analysis with a strategy that switches non-responders to metformin 
significantly increased the cost-effectiveness of intervening to prevent diabetes.

Probabilistic sensitivity analysis
We did not undertake a probabilistic sensitivity analysis (PSA) owing to time constraints and the 
emerging conclusions concerning the cost-effectiveness of the intervention (i.e. the intervention 
remaining cost saving across a range of one-way sensitivity analyses and a couple of multiway 
pessimistic scenarios). Given this, the probability of the intervention not being cost-effective is 
unlikely to reach a level that would influence decision-making.

Threshold for discontinuing the lifestyle intervention
We have examined the incremental cost-effectiveness of switching those who do not achieve 
lifestyle targets away from the intervention, to either routine ‘basic advice’ or to metformin. The 
exact threshold at which to apply this switching, and the subsequent treatment of those who are 
switched, would have to be further evaluated. The intervention strategy may still be cost-effective 
if only those failing to achieve a DPS goals success score of at least two were switched. It would 
be worth undertaking further research to examine the costs and benefits of continuing the 
lifestyle intervention in those with a goal success score of exactly 1 and exactly 2. The weight loss 
and reduction in diabetes risk from the lifestyle intervention in these subgroups might still be 
sufficient to be cost-effective.

Using a DPS score of at least 2 after 12 months as the criteria for continuing the lifestyle 
intervention would mean approximately 25% more patients continuing with the lifestyle 
intervention beyond the first year than if the criteria was at least 3 (possibly meaning 25% fewer 
patients requiring medical treatment with metformin to reduce the risk of diabetes).
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Perverse consequence of delaying diabetes
There may be some adverse consequences of delaying a diagnosis of diabetes and thereby the 
intensification of treatment that follows as a result of it. In particular:

 ■ The initiation of metformin is delayed, thereby delaying the potentially substantial reduction 
in CVD risk with metformin (see Base-case results, above).

 ■ More intensive but cost-effective treatment of blood pressure and lipids may be delayed – 
this depends on whether lipids are initially treated with a ‘fire-and-forget’ policy or treated 
to targets or based on CVD risk. Intensification may lead to what seem like relatively small 
improvements in risk factors but some analyses undertaken suggest these can significantly 
influence the results.

 ■ Two-hour glucose may slowly drift upwards towards 11 mmol/l, leaving patients exposed to 
increased CVD risk over a long period.

However, given how cost-effective the results show the intervention to be, these factors are 
unlikely to outweigh the benefits.

Other benefits of treating obesity in patients with impaired 
glucose tolerance

There are likely to be some other benefits from lifestyle improvements that are not included in 
the model, such as a reduction in obesity-related cancer and other problems (e.g. osteoarthritis 
in knees and hips). This together with the weight-related QoL benefit may be enough to justify 
lifestyle intervention in lower risk populations in which a significant proportion may never 
progress to diabetes. Furthermore, CVD risk equations may not fully capture the benefits of 
lifestyle changes, especially the benefits of exercise and weight loss. In non-diabetic people, at 
least, the QRISK equations suggested an association between weight and CVD risk, independent 
of blood pressure and lipids.336

Comparison with other cost-effectiveness assessments of interventions for 
impaired glucose tolerance

It is difficult to compare our results directly with previous economic assessments because:

 ■ Our treatment pathway involves patients who do not achieve lifestyle goals switching off the 
intensive treatment. This greatly improves the cost-effectiveness.

 ■ We have assumed that lifestyle changes become habitual in those who achieve targets within 
the 4-year intervention period, so that ongoing intensive intervention is not needed after 
4 years.

The fact that our results are cost-effective is nevertheless consistent with an assessment of the 
DPS in Swedish setting, and assessments by Palmer et al. (2004)243 and Herman et al. (2005).244 
Our decision rule, by which those not achieving weight loss after 12 months no longer continue 
with the intervention, is a key factor in the intervention being cost-effective. An assessment by 
Eddy et al. (2005)248 did, however, produce less favourable results. Possible reasons for this are 
multiple and were discussed in detail in Chapter 5.

Implications for further research and modelling
As discussed above (see Mix of impaired glucose tolerance/impaired fasting glucose and risk profile 
of cohort in the model), these results apply to patients that have IGT (either with or without IFG). 
Further research may be needed in order to determine the effectiveness of lifestyle interventions 
in patients without isolated IFG, particularly in respect of:



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Gillett 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 NETSCC.

125 Health Technology Assessment 2012; Vol. 16: No. 33DOI: 10.3310/hta16330

 ■ the reduction in risk of progression to diabetes
 ■ the relationship between IFG and risk of CVD.

The exact threshold for determining treatment failure with lifestyle intervention and pursuing 
alternative means of prevention (probably with metformin) requires further modelling and 
analysis. It is also often asserted, based on the Indian DPP,173 that there is no added benefit from 
combining metformin with lifestyle intervention above lifestyle or metformin alone. There was 
considerable overlap between the CI around the results for each treatment arm in the Indian 
DPP – a more accurate interpretation is that is was not possible to establish whether there was 
any added benefit, and further research results are needed.

More evidence is required on the extent to which lifestyle intervention and metformin lead 
to sustained benefits in the long term. It is also unknown whether it would be worthwhile 
continuing with some form of active intervention over a longer period that that used in 
prevention trials to date (typically 4–6 years).

The cost-effectiveness of any preventative or screening-related diabetes intervention is affected 
by the large uncertainty in the CVD risk reduction of metformin. Future economic assessments 
and clinical risk assessment in practice would benefit from a more precise estimate of metformin’s 
effect. The DPP Outcomes study (follow-up to the main DPP study) may provide some evidence 
for this, or it could be incorporated into the design of a future trial of interventions for IGT.

The cost-effectiveness of lifestyle interventions is determined by various cost and QoL impacts, 
often underpinned by an uncertain evidence base, so there is uncertainty in the results and 
conclusions. However, we have carried out a range of sensitivity analyses, each suggesting 
that lifestyle intervention (sustained only in those achieving weight loss/lifestyle targets) is 
cost-effective. Some further (but probably less important) sensitivity analyses that could be 
undertaken are summarised in Appendix 6. 
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Chapter 8  

Discussion

Statement of principal findings

 ■ There is consistent evidence from the trials, such as the DPP108 and DPS,183 that lifestyle 
measures – weight loss and physical activity – can reduce the development of diabetes 
in those with IGT. The results are best in those who achieve more of the goals. Lifestyle 
intervention in those who adhere is also highly cost-effective.

 ■ It may be worth distinguishing between physical activity and exercise, with the former term 
referring to activities, such as walking, that can be incorporated into daily life and the latter 
referring to activities that require, for example, going to gyms or participating in sports.

 ■ The main problem is adherence. (Adherence is now preferred to the older term ‘compliance’ 
because it is supposed to have connotations of partnership and concordance, rather than 
‘following doctor’s orders’.337)

 ■ Some ethnic groups, such as South Asians, are more at risk of diabetes, and may get it earlier 
in life and at lower BMI levels. Cultural influences may make lifestyle changes more difficult, 
especially among women.

 ■ A review of previous economic modelling of prevention of diabetes showed that most studies 
conclude that is it cost-effective, with one prominent outlier. Uncertainties include the 
duration of the asymptomatic period between onset of diabetes and development of clinical 
diabetes, the rate of progression and whether it is linear, and whether the risk is constant over 
lifetime, or whether those who are going to become diabetic do so within 10 years or so. It is 
worth noting that fewer than half of people with ‘pre-diabetes’ go on to develop diabetes.

 ■ Analysis of GPRD data showed that there appears to be little current activity in detection 
of, and intervention in, IGT, so any national programme would have to start from a 
low baseline.

 ■ Our modelling suggested that lifestyle intervention, when continued in those who respond 
during the first year, is highly cost-effective. This remains the case under a range of 
sensitivity analyses.

 ■ In those who do not lose weight and increase physical activity, a strategy of switching to 
metformin after 12 months is cost-effective.

 ■ A common finding in most lifestyle intervention studies is that good initial effects are not 
sustained over the long term, especially after the intervention ends. However, the Finnish 
DPS183 has produced 7-year results, 3 years after the end of the intervention period, showing 
persisting benefit. Perhaps an intervention that lasts for several years is required to produce a 
permanent change in lifestyle.

Clinical effectiveness evidence issues

A number of issues should be considered when assessing the validity of the trials and their 
outcomes, particularly in terms of generalisability to the UK population.338–343
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 ■ Trials were conducted in populations across the world (China, Finland, India, USA, Japan, 
the Netherlands, UK); as such, genetic and cultural variation may potentially confound the 
results. Progression rates varied considerably, with 80% of the intervention group in the 
Chinese trial (Da Qing190) progressing to diabetes.

 ■ Trials recruited participants using different criteria for IGT, different age ranges, sex and 
BMIs. Self-selection (and therefore an increased likelihood of compliance) may have 
occurred with some recruitment methods.

 ■ Not all studies were powered or designed to look at progression to diabetes.
 ■ Duration of intervention and duration of follow-up varied between trials.
 ■ Some lifestyle interventions were individualised whereas others were conducted in groups 

and the number of intervention contacts, for example with dietitian, varied between trials.
 ■ Physical activity advice varied from recommended participation in light exercise once a day 

to several supervised sessions of moderate activity every week.
 ■ Dietary intervention ranged from recommendations to eat more fruit and vegetables to 

specific guidelines on recommended daily amounts of nutrients.
 ■ Subjective self-reported measurements of dietary intake and physical activity adherence are 

known to be unreliable.
 ■ Analysis was not on an ITT basis and because more subjects in the control groups developed 

diabetes and were withdrawn from study for treatment this may confound the results.

Cost-effectiveness

Previous models have used data from the trials. We have chosen to apply a ‘real-life’ scenario 
wherein people who do not comply with intensive lifestyle interventions, after a reasonable 
chance of 12 months, are switched to cheaper metformin. Adherence with metformin was 72% in 
the DPP – much better than to lifestyle changes.

Our model demonstrates that it is cost-effective to switch those who do not adhere to, or succeed 
with, lifestyle changes, aimed at reducing BMI and increasing activity, to metformin after 
12 months.

Another way of improving cost-effectiveness would be by more selective targeting. The Finnish 
risk scoring system [Finnish Diabetes Risk Score (FINDRISC)] has eight items, giving a score 
from 0 to 24, and could be used to target intervention at those with the highest risk, who have 
more to gain.212 Alternatively, rather than selective targeting, it could be used for prioritising cases 
in order to manage the workload more smoothly.

An important emerging issue is uncertainty about whether intervention not only reduces 
progression to diabetes, but also reduces cardiovascular risk. Hopper et al. (2011)344 carried out 
a meta-analysis of 10 RCTs, and concluded that interventions did not result in reductions in all 
causes of cardiovascular mortality or MI, except, possibly, stroke.344 The RCTs included both drug 
interventions and four lifestyle trials (DPP,108 DPS,183 Indian DDP,226 Da Qing190), with the drug 
interventions including trials with pioglitazone, rosiglitazone, ramipril, metformin, nateglinide, 
valsartan and acarbose. However, the overall results, as shown in the forest plots, showed little 
difference in directions of effect. One of the drug trials contributed 62% of the weight in the all-
cause mortality plot. The authors cite the UKPDS study345 as showing support for their conclusion 
on lack of reduction in CVD complications, but not the long-term follow-up study which showed 
that the trend towards reduction in CVD became significant only after longer follow-up.334 It may 
be, as Hopper et al. (2011)344 comment, that the lack of effect in their meta-analysis is because 
most trials were too short, or had too few events, to have the power to show a reduction. They do 
report that there was ‘a non-significant trend towards reduced risk of fatal and non-fatal MI’.
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Probabilistic sensitivity analysis

We did not undertake a PSA owing to time constraints and the emerging conclusions concerning 
the cost-effectiveness of the intervention (i.e. the intervention remaining cost saving across a 
range of one-way sensitivity analyses and a couple of multiway pessimistic scenarios). Given this, 
the probability of the intervention not being cost-effective is very unlikely to reach a level that 
would influence decision-making.

Threshold for discontinuing the lifestyle intervention

The incremental cost-effectiveness of those who achieved a goal success score of ‘2’ in the DPS is 
worth further examination. In our model, these patients were deemed not to have met treatment 
targets and were switched to the control intervention (or metformin in the sensitivity analysis). 
The weight loss and reduction in diabetes risk from the lifestyle intervention in this subgroup 
might still be sufficient to be cost-effective. If so, this would mean approximately 70% of patients 
continuing with the lifestyle intervention beyond the first year rather than 40% (possibly meaning 
30% fewer patients requiring medical treatment with metformin to reduce the risk of diabetes).

Adherence to lifestyle recommendations

The trials evaluated in this review recruited volunteers who were probably not typical of the 
general population. Kriska et al. (2006)346 reported that participants were more physically active 
than the general population, as found from the NHANES.

They had frequent follow-up, and more intensive care than would be expected in routine care. 
Despite that, attrition rates were quite high. High rates of adherence were often seen initially, but 
gradually decreased with time.

Dishman et al. (1990,347 1996121) reported that approximately 50% of individuals who begin an 
exercise program will drop out within the first 6 months. 

Ruge et al. (2007)348 studied the recruitment rate of high-risk individuals to a RCT, the aim of 
which was to reduce the incidence of diabetes in high-risk individuals. The intervention consisted 
of physical activity and dietary information, whereas the control group received information 
about lifestyle change. They consecutively recruited 40-, 50- and 60-year-old participants with 
IGT and/or impaired IFG. Of the 50 (of 404) subjects who were eligible and informed about the 
intervention study, only eight agreed to participate. Eleven (of 42) subjects filled in the dropout 
questionnaire, and the majority gave lack of time as the main reason for non-participation.

A number of factors influence the likelihood of someone adhering to an exercise programme. 
Age appears to be a determinant of adherence. In the USA, only 30% of older men and 15% 
of older women report participating in regular sustained physical activity,124 but, in the DPP 
adherence and results were better in the over-60s. Is that because retired people have more time 
for physical activity?

A Danish study by Berentzen et al. (2007)349 found that the people who were most susceptible 
to developing IGT, because of obesity, were unfortunately less likely to exercise. Yet even among 
obese people, physical activity can reduce the risk. Borodulin et al. (2006)350 in Finland found 
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that even in the highest tertile of waist–hip ratio, those who were physically active had a lower 
risk of IGT.

South Asians have higher prevalence of T2DM, have earlier onset of diabetes, and many do not 
have good glycaemic control after diagnosis. Their higher risk may make them a high priority 
for lifestyle intervention, but cultural (less physical activity and fatalistic attitudes), language and 
religious barriers need to be identified and addressed. According to Rankin and Bhopal (2001),168 
providing translated leaflets was the most common suggestion for ways of informing the South 
Asian communities. There was a lack of understanding of the role of obesity as an important 
risk factor.

Should intervention be earlier than at impaired glucose 
tolerance stage?

The remit of this review was to examine the evidence for intervention in people with IGT. 
However, there may be a case for earlier intervention to prevent people developing IGT. We know 
from the US Nurses’ Health Study that BMI is the dominant risk factor for the development of 
diabetes in women.79 Even weight gain of 5–8 kg almost doubles the risk. Similar findings have 
been reported in men.18 Hence, if the population could be persuaded not to gain weight, the 
prevalence of diabetes would be greatly reduced.

Implementation

Would trial interventions work in ‘real life’?
Seidel et al. (2008)351 did not think that the DPP intervention could easily be replicated in 
community settings. Therefore, they set out to test a group-based lifestyle balance intervention in 
urban areas of Pittsburgh, described as ‘medically underserved’, and being a socioeconomically 
depressed area following the decline of the steel industry, with an ageing population owing to 
out-migration. A community approach was taken, with notices in sites such as churches, shops, 
local newspapers and radio. Only short-term (6-month) results are as yet available, but look 
promising, with about half of the recruits losing at least 5% of body weight. Only 88 people 
joined but most of these completed the course. It would be useful to see longer-term follow-up 
with larger numbers.

The Greater Green Triangle Diabetes Prevention Project352 aimed to evaluate whether a 
structured group programme of lifestyle intervention, set in an Australian primary health-care 
setting, would give similar reductions in risk factors to that found in the RCTs.

The 12-month study used before and after testing. Patients from general practices, who were 
at high risk of developing T2DM, were screened opportunistically using The Diabetes Risk 
Score tool.352 The intervention, based on the Finnish GOAL study353 consisted of six structured 
90-minute group sessions over 8 months.

Participants were aged 40–75 years with moderate or high risk of developing T2DM. Only 76% 
attended both the baseline and 12-month clinical tests and at least one group session.

After 12 months statistically significant improvements were observed in participants’ mean 
weight, WC, fasting and 2-hour glucose lipids, DBP, and most psychological measures. However, 
follow-up is still short, and only time will tell if the benefits are sustained.
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From this, it would appear that the results of the trial can be replicated in routine primary care.

In Finland, the national diabetes programme (DEHKO) includes a subprogramme to prevent 
diabetes (the FIN-D2D project),354 involving three strategies:

 ■ a population-based approach to prevent obesity and diabetes
 ■ the high-risk strategy – identification and screening of people at high risk, followed by 

lifestyle measures
 ■ early diagnosis of people with T2DM and prompt treatment to prevent complications.

The 1-year follow-up reported that the risk of diabetes was 0.31 (95% CI 0.16 to 0.59) in those 
who lost 5% or more of weight relative to those who maintained weight.355 This was in a group 
identified by a high (≥ 15) FINDRISC score.

Good results were reported from a DPP-style intervention in Montana, with 39% of 
respondents reporting that they had maintained or achieved 7% weight loss.356 However, there 
was considerable attrition in this study. Of 591 initial recruits, only 79% (466) completed the 
programme, and only 40% of these (188) responded to the follow-up questionnaire. So only 12% 
of the initial cohort had lost 7% of weight at about 18 months after entry. It should also be noted 
that the data were self-reported.

The primary goal of the IDF Taskforce on Prevention and Epidemiology consensus workshop in 
2006 was the prevention of T2DM in both the developed and developing world.303 The IDF plan 
is aimed at simultaneously controlling modifiable risk factors with lifestyle modification in two 
target groups: (1) people at high risk of developing T2DM and (2) the entire population.

An editorial by Simmons et al. (2007)357 on the IDF consensus statement questioned whether 
individualistic approaches to diabetes prevention would be effective, and felt that the emphasis 
should be more on population-based approaches. They made the point that the rising prevalence 
of diabetes seen in increasingly obese populations is a result of a shift in the entire distribution 
of glucose in that population, rather than simply an increase in the number of people at the tail 
of the distribution. Therefore, the most effective strategy for lowering the mean glucose level of 
the population, thus lowering the population burden of CVD attributable to hyperglycaemia, is 
to attempt to increase average levels of activity and reduce obesity in the large number of people 
with moderately raised levels of glucose.

The evidence base for individual approaches to diabetes prevention is stronger than for 
population-based approaches, as the former are much easier to test in RCTs. However, Simmons 
et al. (2007)357 feel that in order to correct this imbalance and to be able to evaluate population-
based approaches, researchers need to be more open to other study designs, such as natural 
experiments in local communities using quasi-experimental designs.

The GOAL Lifestyle Implementation Trial335 aimed to test whether the findings achieved in the 
DPS trial183 could be replicated in a ‘real world’ setting.335 The study used a longitudinal pre-test 
and post-test study design, and focused on the five key lifestyle changes derived from the DPS.183

The 352 participants, mean BMI > 32 kg/m2 and aged between 50 and 65 years, were recruited 
from primary health-care centres in Finland. Risk status for T2DM was determined using a 
standardised risk questionnaire. The inclusion criterion was set at risk score of ≥ 17% 10-year 
risk; 25% of the participants had IGT at baseline. The intervention included six group counselling 
sessions given over 12 months.
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Only 57% of the participants attended all six counselling sessions, and 33 participants dropped 
out of the study. The number of participants in this study who attained four or five of the lifestyle 
objectives was 20%, which was similar to the DPS (18%). However, the > 5% weight loss goal was 
significantly less frequently achieved in this study (12%) than in the DPS (43%). The physical 
activity goal was significantly less frequently achieved in this study (66% in GOAL335 vs 86% in 
DPS183), whereas the fibre objective was significantly higher in this study. After 1 year, several 
clinical risk factors decreased significantly, including DBP, weight and BMI (only men), and WC 
(both sexes). The results at 36 months showed that the weight loss was maintained.358

Therefore it would seem that this lower-intensity (and hence lower-cost) 12-month intervention 
was successful in decreasing diabetes risk in a ‘real world’ setting. However, it is not known 
whether these results will be sustained over the longer term.

One general practice in Glasgow tried to implement healthy eating and exercise over a 
3-year period, with group sessions, an exercise scheme, and dietetic and medical time. 
However, maintenance of gains proved difficult unless the intervention was continued. As 
Guthrie comments:359

In the end all of these patients required a continuous personal input to maintain their 
weight loss, regular exercise, or healthy eating, and it simply became unsustainable.

Perhaps we need to look at interventions that are less ‘medical’ in nature. Truby et al. (2006)360 
carried out a randomised trial of four commercial weight loss programmes, including 
WeightWatchers. All four diet programmes had good results, with an average weight loss of 
almost 6 kg at 6 months. We need much longer follow-up to see if weight loss continues or 
is sustained.

Can exercise alone reduce progression to diabetes?
Yates et al. (2007)361 conducted a systematic review of controlled trials to establish whether 
increasing physical activity, independent of changes in diet or weight loss, can reduce the risk of 
T2DM in people with pre-diabetes (IGT and/or IFG).

The review included eight trials (seven randomised and one non-randomised) in individuals with 
IGT. Seven of the studies used a multicomponent lifestyle intervention and one used a structured 
gym-based exercise training intervention. Four studies included the incidence of diabetes as 
the main outcome and found that diabetes incidence was reduced by 42–64% compared with 
the control group. These studies reported only small changes in physical activity. The other 
four studies used 2-hour plasma glucose levels as the primary indicator of glucose control, and 
only one reported a significant improvement. Three of these studies reported small to moderate 
increases in maximal oxygen uptake, suggesting adherence. All but one of the studies included in 
the review reported significant weight loss among participants.

The conclusion of the review was that the role of physical activity independent of other lifestyle 
changes in the treatment of pre-diabetes remains uncertain. Given the relatively modest increases 
in physical activity, the success of the interventions is probably due to the weight loss.

Laaksonen et al. (2007),362 in response to the Yates review, did not agree that the 9 minutes/
day increase in moderate to vigorous physical activity reported in the intervention group of 
the Finnish DPS183 was insubstantial. They found that the percentage of sedentary individuals 
(< 1 hour/week of moderate to vigorous physical activity) in the intervention group of the DPS183 
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decreased from 37% to 15%, and those engaging in at least 2.5 hours/week increased from 41% to 
62%, and felt that this was likely to result in health benefits.

They also reported that individuals who engaged in at least 2.5 hours/week of brisk walking or 
other forms of moderate to vigorous physical activity were 44–69% less likely to develop diabetes 
than individuals engaging in < 1 hour/week. These findings were based on post hoc analyses from 
the intervention arm.

Burns et al. (2007)363 examined the effects of a 3-month aerobic exercise training programme in 
young obese insulin-resistant subjects with and without T2DM. They recruited 13 subjects with 
T2DM and 18 non-diabetic control subjects for the baseline study. The two groups were matched 
for age, BMI, body fat and physical fitness. An exercise intervention (involving 1 hour of exercise 
training four times per week for 12 weeks) was completed by seven of the subjects with T2DM 
and 14 of the obese control subjects. The overall mean age of the completers was 26 years and 
mean BMI was 34 kg/m2.

The authors had hypothesised that exercise alone, while maintaining a stable diet, should improve 
insulin sensitivity in these severely insulin-resistant subjects, but found to their surprise that 
neither group showed metabolic improvements after the aerobic exercise intervention. The 
authors comment that this result raises interesting new questions about the pathogenesis and 
treatment of early-onset T2DM in obese young people.

Carnethon (2007)364 (in an editorial on the Yates 2007361 review) comments that it is important 
to understand whether it is the diet or physical activity component of the lifestyle intervention 
that is the key to its success. Physiological responses to, and compliance with, the diet and 
exercise components of the lifestyle intervention vary greatly between individuals. By focusing 
the interventions on the most effective component, or the component that is easiest to adopt, we 
might be able to improve compliance with the intervention.

A Cochrane review by Orozco et al. (2008)185 examined the role of exercise and diet in preventing 
T2DM.185 The eight studies they included differed from our inclusions. They included Bo et al. 
(2007),365 which recruited patients with metabolic syndrome. They did not include three studies 
that were included in this review. One was Wein et al. (1999),191 which appears to have been 
suitable for inclusion according to their criteria because it focused on women with previous 
GDM. It is not listed as an exclusion, or indeed anywhere in the Cochrane review. It may have 
been missed. They listed Mensink et al. (2003)188,233,234 as awaiting assessment because the final 
3-year results had not been published – they were published a few months later and have been 
included in this review. They also excluded Liao et al. (2002)187 because ‘the control group 
received an intervention that differed from standard recommendation’. It is not clear what was 
meant by this.

The final conclusion of the Cochrane review was that more evidence was required on the effects 
of exercise alone.

Would UK populations comply with increased activity?
In Finland, a combined strategy of general population and targeting of high-risk individuals is 
being used. For this to work in the UK, we would need to encourage the population to be more 
physically active. Current statistics suggest that this might be difficult.

Data from the Information Centre ‘Statistics on Obesity, Physical Activity and Diet: England 
2006’366 show that:
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 ■ In 2004, only 35% of men and 24% of women reported achieving the physical activity targets 
of at least 30 minutes of moderate activity five times a week.

 ■ The main reasons given were that health was not good enough (50%, which seems 
implausible), lack of time (18%) and lack of interest (15%).

The lowest levels of activity were seen in those with the highest BMI. The proportions who were 
physically active fell from 44% of men with a good BMI, to 31% in the obese (BMI 30–40 kg/m2 
and to 16% in the morbidly obese (BMI > 40 kg/m2). The same trend was seen in women: 30% 
with high activity levels in those with normal BMI to 18% in the obese. Figure 14 shows the 
proportions achieving the target level of at least 30 minutes of physical activity 5 days per week.

In the Norfolk cohort of the EPIC,290 only 20% of the participants met three or more of the 
diabetes prevention goals (similar to those in the Finnish DPS183), and only 1% achieved all five; 
10% achieved none.367

The results of the PREPARE (Pre-diabetes Risk Education and Physical Activity 
Recommendation and Encouragement) trial368–370 give some grounds for optimism. The aim of 
the PREPARE trial was to see if structured education could increase physical activity and improve 
glucose tolerance. (It was not a trial of preventing T2DM and so was not eligible for inclusion 
in Chapter 4). It recruited individuals with IGT who were randomised to usual care, or to the 
PREPARE education programme, with or without pedometer use. The trial was quite small with 
initially 103 recruits, falling to 73 by the 2-year follow-up.368–370 Only 32% of those invited to take 
part did so. The 12-month follow-up showed no difference in weight, but did show a significant 
decrease in fasting and 2-hour blood glucose in the pedometer group compared with the control 
group. The education-only group did not show any difference. The 2-year results showed a 
continuing benefit in terms of blood glucose with a reduction of 1.6 mmol/l in the pedometer 
group, although by this time there were only 22 patients in this arm. It would be worth repeating 
this trial with larger numbers and longer-term follow-up. The intervention was inexpensive.

Could genetic studies help?
Genotyping participants might help to target interventions to those who are at high risk and who 
will best respond to lifestyle interventions.

Laaksonen et al. (2007)211 examined the interactions of the physical activity, dietary, and weight 
loss components of the intervention with the 12Glu9 polymorphism of the ADRA2B gene in the 
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development of T2DM in the combined intervention and control groups of the Finnish DPS.183 
Average follow-up time was 4.1 years.

Increased LTPA decreased the likelihood of diabetes more in those with the 12Glu allele of 
the ADRA2B gene. The RRs of upper compared with lower tertiles for increased LTPA were 
Glu12/12 = 0.12 (0.03–0.53); Glu12/9 = 0.30 (0.11–0.79) and Glu9/9 = 1.05 (0.32–3.47).

Favourable dietary changes reduced the risk of diabetes more in those who were homozygous 
for the 9Glu allele. The RRs of upper compared with lower tertiles for dietary changes were 
Glu12/12 = 0.65 (0.23–1.84); Glu12/9 = 0.85 (0.28–2.27) and Glu9/9 = 0.21 (0.06–0.75).

Weight reduction seemed to decrease the risk of diabetes more in 12Glu9 heterozygotes, but the 
interaction was not significant. The RRs of upper compared with lower tertiles were, for decrease 
in BMI, Glu12/12 = 0.48 (0.14–1.60); Glu12/9 = 0.11 (0.05–0.28) and Glu9/9 = 0.81 (0.26–2.48).

A better understanding of the genetic factors responsible for the different responses to various 
components of lifestyle interventions might allow us to predict who will respond to lifestyle 
interventions, and to tailor the intervention according to the individual’s genotype.

Ongoing research
Given the success of the big trials, some of the research now is around ‘real-life’ delivery.

The Norfolk DPS371 is an ambitious project, which will screen 10,000 people at risk of diabetes 
over 5 years, and randomise 950 people with ‘pre-diabetes’ into a 36-month RCT of a novel diet 
and lifestyle intervention. The intervention contains three arms, and will be delivered by health-
care professionals in group settings. One arm will be part delivered by lay mentors who have 
existing T2DM.

To take part, participants must be > 40 years old, live in the county of Norfolk or be registered 
with a GP in the county of Norfolk, and meet at least one of the following inclusion criteria: 
BMI of ≥ 30 kg/m2, family history of T2DM, history of CHD or previous GDM, or previous IGT 
or IFG.

Ambitious although that may be, it is dwarfed by the Qingdao Diabetes Prevention Project.372,373 
This study, sponsored by Helsinki University, aims to translate the trial experience to real-life 
settings with goals to (1) raise the public awareness of diabetes and diabetes risk factors, and 
promote healthy diet and physical activity; (2) reduce the number of people at high-risk of 
developing diabetes through lifestyle counselling; (3) attain early diagnosis of diabetes; and (4) 
evaluate the clinical effectiveness, cost-effectiveness, feasibility, acceptability and sustainability 
of the programmes. The project involves community-based targeting of the entire population of 
1.94 million people living in four administration districts of the city of Qingdao in China.

The project applies both a population approach and a high-risk approach. In the first phase of the 
project (2005–8) the work emphasis was on health promotion. In the second phase (2008–12) 
lifestyle counselling sessions will be provided to about 242,112 high-risk individuals identified, 
and the efficacy and the cost of the project will be evaluated at the end of the project in 2012.

In Bournemouth, an 8-month intensive lifestyle programme is being tested in obese people 
without diabetes but with a family history of the condition. The study size is quite small, 66 
patients, but the main interest is in levels of glucagon-like peptide 1.374 The aim is to investigate 
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whether gradual weight loss achieved with healthy lifestyle changes influences hormonal factors 
affecting appetite and blood glucose control in obese people without the presence of diabetes. 

In Canada, a study called PREPARE (Prediabetes Research and Education Promoting Activity 
and Responsible Eating)375 is being run from Brescia University College in London, Ontario. 
PREPARE375 is a 6-month community-based pre-diabetes lifestyle and behavioural change 
programme for adults aged ≥ 30 years with pre-diabetes. It includes a series of six interactive 
education sessions, of 2 hours each, on healthy eating and physical activity. Individuals self-
selecting the control arm receive the current standard of care for pre-diabetes, which is a one-
time 2-hour group education session. The primary outcome measure is the average number of 
vegetable and fruit servings consumed per day, measured at 6 months and 12 months after the 
baseline assessment.

In the USA, a pilot RCT will compare the clinical effectiveness and cost-effectiveness of two 
programmes – the DPP system and a community-based Health Living Program – delivered in 
primary care.376 The primary outcome measure is 7% reduction in participant weight at 22 weeks, 
and the estimated enrolment is 200 people. Participants must be aged ≥ 18 years and diagnosed 
with pre-diabetes.

In Colorado, a RCT called Adaptation of the Diabetes Prevention Program for Primary Care377 
aims to assess the efficacy of adding in-person visits to the use of portion-controlled foods for 
long-term weight loss, and to assess the use of trained lay counsellors for the maintenance of 
weight loss. Participants will be recruited primarily from primary care practices at the University 
of Colorado. Up to 200 patients will be provided with 6 months of high-intensity weight loss 
counselling. Those participants remaining after the first 6 months will be randomly assigned 
to either standard maintenance or intensified maintenance during months 7–18. The standard 
maintenance group will receive information handouts regarding weight maintenance, whereas 
those in the intensified maintenance group will continue to have monthly in-person visits with 
the weight loss counsellor (‘weight coach’). The primary outcome is weight change.

In East Harlem, in New York, a community-based peer-led programme, HEED (Help Educate 
to Eliminate Diabetes),378 will randomise overweight adults with pre-diabetes to intervention 
or usual care, with weight loss as the primary outcome. HEED is a 10-week course.378 The 
intervention group will participate in an eight-session course held over a 10-week period. 
The comparator group will receive a delayed intervention, i.e. they will be offered the chance 
to participate in the course 1 year after enrolment into the trial. The estimated enrolment is 
400 participants.

Also in the USA, the Diabetes Prevention Program Outcomes Study (DPPOS)379 is an 
observational extension to the DPP. The primary outcome is the development of diabetes, and 
secondary outcomes include composite microvascular and macrovascular measures. It aims to 
have 3250 participants.

A small feasibility study from Emory University380 is looking at developing a culturally 
appropriate lifestyle intervention in South Asians (people with origins in India, Pakistan, 
Bangladesh, Nepal, Sri Lanka, etc.) living in or near Atlanta, GA. This study will test the 
acceptability of a culturally appropriate lifestyle intervention for the prevention of diabetes in 
the South Asian community. The intervention will be based on the DPP but tailored to the needs 
of the community, based on feedback gathered in focus groups. Participants will be required to 
attend one group exercise class per week, based on traditional Indian dances and other culturally 
appropriate activities.



© Queen’s Printer and Controller of HMSO 2012. This work was produced by Gillett 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 NETSCC.

137 Health Technology Assessment 2012; Vol. 16: No. 33DOI: 10.3310/hta16330

In Catalonia, Spain, a two-stage study, Diabetes in Europe – Prevention Using Lifestyle, Physical 
Activity and Nutritional Intervention in Catalonia (DE-PLAN-CAT),381 is combining screening 
methods (FINDRISC vs OGTT) with a later intervention study comparing usual care with 
individual- or group-based education. A total of 2082 people have been screened, and one-third 
are expected to present high-risk criteria. They will choose one of three possible interventions 
to modify their lifestyle (informative approach, one-to-one or group training). Final results are 
expected in 2016.

The DE-PLAN approach is also being studied in a cluster RCT, conducted by Osakidetza382 in the 
Basque Country in high-risk (FINDRISC > 14) populations seen in 14 primary care centres. The 
plan is to recruit over 2500 subjects. The intervention group will receive a structured educational 
intervention on healthy lifestyles (diet and physical activity) and the control group will receive 
standard care for the prevention and treatment of T2DM. The primary outcome is the incidence 
of diabetes at 24 months, and results are expected at the end of 2013.

The Prevention of Diabetes and Obesity in South Asians (PODOSA) study383,384 has screened 
1300 people of Indian and Pakistani origin for hyperglycaemia, and has recruited 170 at high 
risk to an intervention study of healthy eating and increasing physical activity. It is due to report 
in 2013 (see progress at www.podosa.org/progress.html). Some findings have been published. 
Gill et al. (2011)383 reported that there was an association between time spent sitting and the 
2-hour PG, but not with fasting PG, among all people who were screened for possible inclusions. 
Douglas et al. (2011)384 reported on the difficulties of recruitment of this group through the usual 
channels such as GPs and diabetes registers, but noted that there was much greater success using 
community associations and encouraging recruits to bring in others (‘snowballing’).

Research needs
The highest priority appears to be research into ways of improving adherence to 
lifestyle measures.

However, given that at least some people will adhere, the next priority is to refine the 
interventions, addressing questions such as:

 ■ What level of provision or contact is necessary? Could the gains seen in the DPS and DPP be 
achieved at lower cost?

 ■ How long do interventions need to be continued for?
 ■ What type (or types) of physical activity – in terms of frequency and intensity – will give the 

best balance between efficacy and adherence?
 ■ How can physical activity be increased?
 ■ How can adherence be improved?
 ■ Does genetic testing have a role to play in determining which intervention should be used?
 ■ What benefits are accrued by those on lifestyle interventions who return to NGT, or who 

remain in IGT, other than avoiding diabetes?
 ■ Would an intervention, such as the Finnish DPS,183 achieve the same benefits in the UK? Are 

progression rates similar? We know that at least one UK group, the South Asians, do worse.
 ■ What interventions would be most effective in the highest-risk groups?
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Conclusion

The prevalence of diabetes is increasing owing to the sedentary lifestyle and unhealthy diet 
favoured by developed societies. The pressure to introduce screening for undiagnosed T2DM is 
growing. However, were we to screen for diabetes, we would, depending on choice of test and 
cut-off levels used, identify more, or far more, people with IGT than with diabetes. This review 
was commissioned in response to the identification of that problem in our previous review of 
screening for diabetes. Our remit was limited to non-pharmacological interventions.

There is a strong body of evidence that there are effective ways of reducing progression to 
diabetes in people with IGT by lifestyle interventions, and these are likely to be considered cost-
effective. Progression to diabetes could be reduced by about half, if the results in the volunteers in 
trials such as DPP and DPS can be reproduced in routine care.

However, adherence tends to be poor. The benefits of the lifestyle intervention were greatest in 
those with the highest compliance and who achieved more of the targets (such as weight loss and 
dietary change). For example, in the Finnish study,183 those who achieved four or five of the five 
targets had a risk of developing diabetes which was only 23% of those who achieved none. Weight 
loss is the most important goal.

Furthermore, even among the volunteers in the trials, many did not succeed, and others 
succeeded in the short term (such as the first 6 months) but not in the longer term. The key to 
success is sustained lifestyle change, especially weight loss. We know what people need to do to 
reduce their risk of progression to diabetes, but not how to motivate them to do so.
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Appendix 2 

Search strategies

Clinical effectiveness searches
MEDLINE 1966 to October 2007
1. exp Prediabetic State/
2. exp Glucose Intolerance/
3. exp Diabetes Mellitus, Type 2/pc [Prevention & Control]
4. (pre-diabet$ or prediabet$ or fasting glucose or impaired glucose tolerance or (elevated adj3 

glucose) or glucose intolerance or hyperglycemia or hyperglycaemia or metabolic syndrome 
or insulin resistance or (risk$ adj2 diabet$)).tw.

5. 1 or 2 or 3 or 4 or 5
6. exp Diet Therapy/
7. Exercise/
8. exp Life Style/
9. ((prevent$ adj3 diabet$) or non-pharmacological or non-drug or (diet$ adj3 weight loss) or 

exercise or life-style or life style or physical activity).tw.
10. 7 or 8 or 9 or 10
11. randomized controlled trial.pt. or controlled clinical trial.pt.
12. random$.tw.
13. meta-analysis.pt.
14. (systematic review or systematic overview).tw.
15. 12 or 13 or 14 or 15
16. 6 and 11 and 16
17. limit 17 to english language

EMBASE 1980 to October 2007
1. exp Impaired Glucose Tolerance/
2. exp Glucose Intolerance/
3. exp Non Insulin Dependent Diabetes Mellitus/pc [Prevention]
4. exp Metabolic Syndrome X/
5. (pre-diabet$ or prediabet$ or fasting glucose or impaired glucose tolerance or (elevated adj3 

glucose) or glucose intolerance or hyperglycemia or hyperglycaemia or metabolic syndrome 
or insulin resistance or (risk$ adj2 diabet$)).tw.

6. 1 or 2 or 3 or 4 or 5
7. exp diet therapy/
8. exp exercise/
9. exp Physical Activity/

10. exp lifestyle/
11. ((prevent$ adj3 diabet$) or non-pharmacological or non-drug or (diet$ adj3 weight loss) or 

exercise or life-style or life style or physical activity).tw.
12. 7 or 8 or 9 or 10 or 11
13. Randomized Controlled Trial/
14. exp meta analysis/or exp “systematic review”/
15. (random$ or systematic review or meta-analysis).tw.
16. 13 or 14 or 15
17. 6 and 12 and 16
18. limit 17 to english language
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The Cochrane Library: 2007 issue 3
(pre-diabet* or prediabet* or fasting glucose or impaired glucose tolerance or glucose 
intolerance) and ((prevent* near diabet*) or non-pharmacological or non-drug or (diet* near 
weight loss) or exercise or life-style or life style or physical activity))

Science Citation Index: 1980–2007 October
Topic = ((pre-diabet* or prediabet* or fasting glucose or impaired glucose tolerance or glucose 
intolerance) and (non-pharmacological or non-drug or diet* or weight loss or exercise or life-
style or life style or physical activity) and (prevent* same diabet*))

Cost-effectiveness searches
MEDLINE 1966 to August 2007
1. exp Prediabetic State/
2. exp Glucose Intolerance/
3. (pre-diabet$ or prediabet$ or fasting glucose or impaired glucose tolerance or (elevated adj5 

glucose) or glucose intolerance or hyperglycemia or hyperglycaemia or metabolic syndrome 
or insulin resistance).mp. [mp = title, original title, abstract, name of substance word, subject 
heading word]

4. 1 or 2 or 3
5. (reduc$ adj3 (risk or progress$ or develop$ or incidence) adj3 (diabetes or heart or 

cardiovascular)).tw.
6. ((prevent$ or delay$) adj3 (diabetes or heart or cardiovascular)).tw.
7. diabetes prevention program$.tw.
8. 5 or 6 or 7
9. exp Economics/

10. exp “Quality of Life”/
11. (cost$or economic$or (quality adj3 life)).mp. [mp = title, original title, abstract, name of 

substance word, subject heading word]
12. 9 or 10 or 11
13. 4 and 8 and 12
14. limit 13 to english language

EMBASE 1980 to August 2007
1. exp Glucose Intolerance/
2. exp Impaired Glucose Tolerance/
3. (pre-diabet$or prediabet$or fasting glucose or impaired glucose tolerance or (elevated adj5 

glucose) glucose intolerance or hyperglycemia or hyperglycaemia or metabolic syndrome 
or insulin resistance).mp. [mp = title, abstract, subject headings, heading word, drug trade 
name, original title, device manufacturer, drug manufacturer name]

4. 1 or 2 or 3
5. (reduc$adj3 (risk or progress$or develop$or incidence) adj3 (diabetes or heart or 

cardiovascular)).tw.
6. ((prevent$or delay$) adj3 (diabetes or heart or cardiovascular)).tw.
7. 5 or 6
8. (non-pharmacological or non-drug or weight or diet$or exercis$or life-style$or lifestyle$or 

life style$or behavio$or psychological or smoking or sport$or physical activity).tw.
9. random$.af.

10. (controlled adj2 trial$).mp. [mp = title, abstract, subject headings, heading word, drug trade 
name, original title, device manufacturer, drug manufacturer name]

11. 9 or 10
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12. exp ECONOMICS/
13. exp Health Economics/
14. exp “Quality of Life”/
15. (quality adj3 life).mp. [mp = title, abstract, subject headings, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer name]
16. 12 or 13 or 14 or 15
17. 4 and 7 and 11
18. 4 and 7 and 16
19. 4 and 8 and 11
20. 4 and 8 and 16
21. 17 or 18 or 19 or 20
22. diabetes prevention program.mp.
23. 21 or 22

Also searches above adapted as appropriate and run on: NHS EED, and the Science Citation 
Index from May 2005 to August 2007.

Epidemiology of pre-diabetes or diabetes searches
MEDLINE 1966 to August 2007
1. incidence/or prevalence/
2. Epidemiology/
3. Glucose Intolerance/ep [Epidemiology]
4. Prediabetic State/ep [Epidemiology]
5. exp *Glucose Intolerance/
6. exp *Prediabetic State/
7. (1 or 2) and (5 or 6)
8. (impaired glucose intolerance or impaired fasting glucose or prediabet$or pre-diabet$).tw.
9. 8 and (1 or 2)

10. 3 or 4 or 7 or 9
11. limit 10 to english language

Also ran second search for epidemiology T2DM

1. *Diabetes Mellitus, Type 2/
2. incidence/or prevalence/
3. Epidemiology/
4. 1 and (2 or 3)
5. *Diabetes Mellitus, Type 2/ep [Epidemiology]
6. 4 and 5
7. limit 7 to english language

EMBASE 1980 to August 2007
1. exp epidemiology/
2. exp Impaired Glucose Tolerance/ep [Epidemiology]
3. exp *Impaired Glucose Tolerance/
4. 1 and 3
5. (impaired glucose intolerance or impaired fasting glucose or prediabet$or pre-diabet$).tw.
6. 1 and 5
7. 2 or 4 or 6
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Prevalence of diabetes or pre-diabetes in UK Asians searches
MEDLINE 1966 to week 3 August 2006
1. Glucose Intolerance/ep [Epidemiology]
2. Prediabetic State/ep [Epidemiology]
3. exp *Glucose Intolerance/
4. exp *Prediabetic State/
5. (impaired glucose intolerance or impaired fasting glucose or prediabet$ or pre-diabet$).tw.
6. exp Diabetes Mellitus/
7. 1 or 2 or 3 or 4 or 5 or 6
8. exp Incidence/
9. exp Prevalence/

10. exp Epidemiology/
11. (incidence or prevalence or epidemiology).tw.
12. 8 or 9 or 10 or 11
13. 7 and 12
14. (asian$ or indian$).mp. [mp = title, original title, abstract, name of substance word, subject 

heading word]
15. 13 and 14
16. exp Great Britain/
17. (britain or united kingdom or england or UK).mp. [mp = title, original title, abstract, name of 

substance word, subject heading word]
18. 16 or 17
19. 15 and 18
20. 7 and 12 and 18
21. exp Ethnic Groups/
22. ethnic$.tw.
23. 21 or 22
24. 20 and 23

EMBASE 1980 to 2006 week 34
1. exp Impaired Glucose Tolerance/ep [Epidemiology]
2. exp *Impaired Glucose Tolerance/
3. (impaired glucose intolerance or impaired fasting glucose or prediabet$or pre-diabet$).tw.
4. exp Diabetes Mellitus/
5. 1 or 2 or 3 or 4
6. exp incidence/or exp prevalence/
7. exp epidemiology/
8. (incidence or prevalence).tw.
9. 6 or 7 or 8

10. exp United Kingdom/
11. (britain or england or UK or united kingdom).mp. [mp = title, abstract, subject 

headings, heading word, drug trade name, original title, device manufacturer, drug 
manufacturer name]

12. 10 or 11
13. (asia$or india$).mp. [mp = title, abstract, subject headings, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer name]
14. 5 and 9 and 12 and 13
15. limit 14 to english language
16. exp “ethnic, racial and religious groups”/
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17. ethnic$.tw.
18. 16 or 17
19. 5 and 9 and 12 and 18

Type 2 diabetes mellitus and physical activity/exercise searches
MEDLINE 1996 to week 3 July 2006
1. *diabetes mellitus/or *diabetes mellitus, type 2/
2. exp Weight Loss/
3. exp Diet Therapy/
4. exp Life Style/
5. exp Exercise/
6. ((exercise or physical activity or weight loss or life style or life-style or lifestyle) and 

diabetes).m_titl.
7. 2 or 3 or 4 or 5
8. 1 and 7
9. 6 or 8

10. review.pt.
11. meta-analysis.pt.
12. systematic review.mp.
13. 10 or 11 or 12
14. 9 and 13
15. limit 14 to (english language and yr = “1990 – 2006”)

Adherence to exercise searches
MEDLINE 1996 to week 3 July 2006
1. exp Prediabetic State/
2. exp Glucose Intolerance/
3. diabetes mellitus/or exp diabetes mellitus, type 2/
4. exp Metabolic Syndrome X/
5. (pre-diabet$ or prediabet$ or fasting glucose or impaired glucose tolerance or (elevated adj3 

glucose) or glucose intolerance or hyperglycemia or hyperglycaemia or metabolic syndrome 
or insulin resistance or diabet$).tw.

6. 1 or 2 or 3 or 4 or 5
7. exp Diet Therapy/
8. exp Exercise/
9. exp Life Style/

10. ((diet$ adj3 weight loss) or exercise or life-style or life style or physical activity).tw.
11. 7 or 8 or 9 or 10
12. exp Patient Compliance/
13. exp Treatment Refusal/
14. (adhere$or complian$ or non-complian$ or noncomplian$ or refusal or drop-out$ or 

dropout or concordan$).tw.
15. 12 or 13 or 14
16. 6 and 11 and 15
17. limit 16 to english language
18. limit 17 to yr = “1990 – 2006”

The Cochrane Library: 2006 issue 3
“diabetes and (weight or diet or exercise or physical activity or life-style or lifestyle) in Title, 
Abstract or Keywords in The Cochrane Database of Systematic Reviews”
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Research in progress
 ■ National Research Register.
 ■ UK Clinical Research Network.
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Appendix 3  

Studies excluded from the systematic review 
of clinical effectiveness

1. Bourn DM, Mann JI, McSkimming BJ, Waldron MA, Wishart JD. Impaired glucose 
tolerance and NIDDM: does a lifestyle intervention program have an effect? Diabetes Care 
1994;17:1311–19. 
Reason for exclusion: Not a RCT.

2. Brekke HK, Sunesson A, Axelsen M, Lenner RA. Attitudes and barriers to dietary advice 
aimed at reducing risk of T2DM in first-degree relatives of patients with T2DM. J Hum Nutr 
Diet 2004;17:513–21. 
Reason for exclusion: Participants did not have IGT.

3. Brekke HK, Lenner RA, Taskinen MR, Mansson JE, Funahashi T, Matsuzawa Y, et al. 
Lifestyle modification improves risk factors in T2DM relatives. Diabetes Res Clin Pract 
2005;68:18–28. 
Reason for exclusion: Participants did not have IGT.

4. Brekke HK, Jansson PA, Lenner RA. Long-term (1- and 2-year) effects of lifestyle 
intervention in T2DM relatives. Diabetes Res Clin Pract 2005;70:225–34. 
Reason for exclusion: Participants did not have IGT.

5. Dyson PA, Hammersley MS, Morris RJ, Holman RR, Turner RC. The Fasting 
Hyperglycaemia Study: II. Randomized controlled trial of reinforced healthy-living advice in 
subjects with increased but not diabetic fasting plasma glucose. Metabolism 1997;46:50–5. 
Reason for exclusion: Only 1-year follow-up.

6. Eriksson K-F, Lindgarde F. No excess 12-year mortality in men with impaired glucose 
tolerance who participated in the Malmo Preventive Trial with diet and exercise. Diabetologia 
1998;41:1010–16. 
Reason for exclusion: Participants were not randomised.

7. Eriksson KF, Lindgarde F. Prevention of type 2 (non-insulin-dependent) diabetes mellitus by 
diet and physical exercise. The 6-year Malmo feasibility study. Diabetologia 1991;34:891–8. 
Reason for exclusion: Participants were not randomised.

8. Jarrett RJ, Keen H, McCartney P. The Whitehall Study: ten year follow-up report on men 
with impaired glucose tolerance with reference to worsening to diabetes and predictors of 
death. Diabet Med 1984;1:279–83. 
Reason for exclusion: Compared diet compared with phenformin.

9. Jarrett RJ, Keen H, Murrells T. Changes in blood pressure and body weight over ten years in 
men selected for glucose intolerance. J Epidemiol Community Health 1987;41:145–51. 
Reason for exclusion: No data on progression to diabetes.

10. Ley SJ, Metcalf PA, Scragg RKR, Swinburn BA. Long-term effects of a reduced fat diet 
intervention on cardiovascular disease risk factors in individuals with glucose intolerance. 
Diabetes Res Clin Pract 2004;63:103–12. 
Reason for exclusion: Only 1-year follow-up.
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11. Lindahl B, Nilsson TK, Jansson JH, Asplund K, Hallmans G. Improved fibrinolysis by intense 
lifestyle intervention. A randomized trial in subjects with impaired glucose tolerance. J Intern 
Med 1999;246:105–12. 
Reason for exclusion: Only 1-year follow-up; only some participants had IGT; few details of 
randomisation.

12. Maji D, Roy RU, Das S. Prevention of T2DM in the prediabetic population. J Indian Med 
Assoc 2005;103:609–11. 
Reason for exclusion: No control group (lifestyle vs three drug groups).

13. Page RC, Harnden KE, Cook JT, Turner RC. Can life-styles of subjects with impaired glucose 
tolerance be changed? A feasibility study. Diabet Med 1992;9:562–6. 
Reason for exclusion: No progression to diabetes; small study.

14. Swinburn BA, Woollard GA, Chang EC, Wilson MR. Effects of reduced-fat diets consumed 
ad libitum on intake of nutrients, particularly antioxidant vitamins. J Am Diet Assoc 
1999;99:1400–5. 
Reason for exclusion: Only 1-year follow-up.

15. Swinburn BA, Metcalf PA, Ley SJ. Long-term (5-year) effects of a reduced-fat diet 
intervention in individuals with glucose intolerance. Diabetes Care 2001;24:619–24. 
Reason for exclusion: Only 1-year follow-up.

16. Torjesen PA, Birkeland KI, Anderssen SA, Hjermann I, Holme I, Urdal P. Lifestyle changes 
may reverse development of the insulin resistance syndrome. The Oslo Diet and Exercise 
Study: a randomized trial. Diabetes Care 1997;20:26–31. 
Reason for exclusion: Only 1-year follow-up; mixed group – some IGT, some not.

17. Watanabe M, Yamaoka K, Yokotsuka M, Tango T. Randomized controlled trial of a new 
dietary education program to prevent T2DM in a high-risk group of Japanese male workers. 
[Erratum published in Diabetes Care 2004;27:856.] Diabetes Care 2003;26:3209–14. 
Reason for exclusion: Only 1-year follow up.

18. Wing RR, Venditti E, Jakicic JM, Polley BA, Lang W. Lifestyle intervention in overweight 
individuals with a family history of diabetes. Diabetes Care 1998;21:350–9. 
Reason for exclusion: Mixed group of overweight and IGT, most results not split by glucose 
status.
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Appendix 4  

Clinical effectiveness: data from the trials
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TABLE 41 Low-density lipoprotein/cholesterol findings

Study Outcome n Time point
Intervention (mean ± SD 
unless stated otherwise) Control

Difference 
between 
groups

Tuomilehto 
2001, 
Finland183

(Lindström 
2003215)

Total 
cholesterol 
(mmol/l)

Initial total: 523 
(265/257)

In analysis: 434 
(231/203)

Baseline 5.6 (1.0) 5.6 (0.9) 0.0712

3 years Change –0.1 (0.9) Change 0.1 (0.8)

HDL Initial total: 523 
(265/257)

In analysis: 434 
(231/203)

Baseline 1.2 (0.3) 1.2 (0.3) 0.1354

3 years Change 0.14 (0.20) Change 0.11 (0.19)

Triglycerides 
(mM)

Initial total: 523 
(265/257)

In analysis: 434 
(231/203)

Baseline 1.7 (0.8) 1.7 (0.8) 0.024

3 years Change –0.1 (0.6) Change 0.0 (0.8)

Oldroyd 2006, 
UK189

Total 
cholesterol 
(mmol/l)

Initial total: 78 (39/39)

In analysis: 54 (30/24)

Baseline 5.6 (1.1) (n = 34) 5.7 (1.0) (n = 31) 0.587

24 months Change 0.04 (0.79) (n = 29) Change –0.06 (0.59)

LDL (mM) Initial total: 78 (39/39)

In analysis: 54 (30/24)

Baseline 3.6 (1.1) (n = 32) 3.6 (1.0) (n = 30) 0.768

24 months Change –0.09 (0.71) (n = 27) Change –0.14 (0.56)

Mensink 
2003, the 
Netherlands188

Cholesterol 
(mM)

Initial total: 114 (55/59)

In analysis: 88 (40/48)

Baseline 5.1 (SE 0.1) 5.2 (SE 0.1) NS

2 years 0.3 (SE 0.1), 95% CI (0.1 
to 0.5)

0.4 (SE 0.1), 95% CI 
(0.2 to 0.6)

HDL (mM) Initial total: 114 (55/59)

In analysis: 88 (40/48)

Baseline 1.16 (SE 0.04) 1.10 (SE 0.03) NS

2 years 0.06 (SE 0.03), 95% CI (0.01 
to 0.11)

0.05 (SE 0.02), 95% 
CI (0.00 to 0.09)

LDL (mM) Initial total: 114 (55/59)

In analysis: 88 (40/48)

Baseline 3.30 (SE 0.10) 3.44 (SE 0.10) NS

2 years 0.32 (SE 0.11), 95% CI (0.11 
to 0.54)

0.32 (SE 0.09), 95% 
CI (0.15 to 0.49)

Triglycerides 
(mM)

Initial total: 114 (55/59)

In analysis: 88 (40/48)

Baseline 1.59 (SE 0.18) 1.46 (SE 0.11) < 0.01

2 years –0.30 (SE 0.12), 95% CI 
(–0.53 to –0.06)

0.25 (SE 0.11), 95% 
CI (0.03 to 0.47)

TABLE 42 Change in insulin sensitivity

Study Outcome n Time point
Intervention (mean ± SD 
unless stated otherwise) Control

Difference 
between groups

Oldroyd 2006, 
UK189

Fasting serum insulin, 
change in K

ITT
 – 

median (IQR)

Initial total: 78 
(39/39)

In analysis: 54 
(30/24)

Baseline Baseline values are presented 
for 69 (37/32) who completed 
6 months

2 years

Mensink 
2003, the 
Netherlands188

Fasting insulin, HOMA 
– mean (SE)

Initial total: 114 
(55/59)

In analysis: 
88 (40/48) at 
2 years

Baseline

2 years

HOMA, homeostasis model assessment; K
ITT

, insulin sensitivity index.
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Appendix 5  

Weight changes with 
antiglycaemic therapies

Metformin monotherapy
For patients starting metformin monotherapy, we assume a 1.1 kg weight loss on average 
maintained during treatment based on the ADOPT study.310 This assumes 6 years for HbA1c level 
to progress from 6.2% to 7.5%.

Addition of sulphonylurea to metformin
This is estimated to add an average 2.6 kg to weight over the duration of treatment, based on 
reported changes in the UKPDS11 and four other studies.386–389

Use of insulin with metformin after failure with combined oral 
hypoglycaemic agent therapy

In the large UKPDS study,11 there was an initial weight gain of 3.5 kg followed by a trend, post 
year 2, of 0.3 p.a. [(7.6–3.5)/13] for 15 years (the duration reported in the UKPDS). In Taylor et 
al. (2000),390 weight began to level out at around 6 kg after 1 year; Peacock and Tattersall (1984)391 
reported 4.2 kg/6 months and Chandalia (2005)392 reports 1.8 kg per year. In the study by Aas 
et al. (2005)393 in patients failing on OHAs, those who started insulin put on 3.5 kg in weight 
by 12 months. Janka et al. (2005)394 reported that in people failing on OHAs, those who went 
on to glargine plus continued OHAs put on 1.4 kg by 24 weeks, whereas those who went on to 
premixed regular/neutral protamine Hagedorn (NPH) (without OHAs) put on 2.1 kg. In Riddle 
et al. (2003),395 patients were randomised to addition of glargine or NPH after failing on OHAs 
and, after 24 weeks, both groups had gained about 3 kg.

Although in some studies, weight gain when insulin is initiated may be a reversal of prior 
glycaemia-induced weight loss,396 this is less likely to be the case in studies such as the UKPDS 
with tighter control. UKPDS 49397 reported that asymptomatic patients had a baseline HbA1c level 
of 8.1% compared with 9.6 for those with symptoms.

Other factors to consider are:

 ■ the use of metformin in combination with insulin may reduce the degree of weight gain319

 ■ the dose is also an important factor (doses in UKPDS were relatively low) – a relatively 
obese population with IGT might require larger than average doses with larger than average 
weight gain.

Based on the large UKPDS study, we have assumed an initial rise in weight of 3.5 kg in the first 
year following insulin therapy, followed by a trend of +0.3 p.a.

It is assumed that weight gains with insulin replace rather than add to those on prior 
sulphonylureas, which are assumed to be lost once that therapy has been withdrawn.
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Appendix 6  

Potential further sensitivity analyses

TABLE 43 Potential further sensitivity analyses

Sensitivity analysis Rationale

Threshold for switching away from 
lifestyle intervention

The incremental cost-effectiveness of those who achieved a goal success score of 2 in the DPS is worth 
further examination to see if treating these patients is still cost-effective (if so, this would mean another 
20% continuing with the lifestyle intervention)

SBP effect of the lifestyle intervention Assume either SBP:
 ■ reduction is not sustained as long
 ■ is already managed better at baseline than in the DPS

Lower burden of onset of diabetes Assume that either a lower cost and/or weight gain with antiglycaemic therapy after treatment failure with 
combined metformin-plus-sulphonylurea therapy

The effect of an assumed lower HbA
1c

 level trend (0.1% instead of 0.2%) with one of the newer OHAs 
could also be tested

Insulin-induced weight gain Assume that the 3.5 kg rise in the first year as per UKPDS is just a reversal of prior glycaemia-induced 
weight loss

Re-enforcement of lifestyle changes 
after year 4

What additional costs beyond year 4 would have to be incurred to make the intervention only just cost-
effective?

Lower baseline incidence rate for 
diabetes

DPSa probably had a higher proportion of patients with both IGT and IFG than in a population setting (only 
26% in NHANES III). The DPS diabetes incidence rate may therefore have been higher than in real world 
(in both arms)

Sustainability of weight loss with 
lifestyle intervention

Assumed weight loss not sustained as long

Sensitivity analyses re weight loss on 
metformin plus sulphonylurea

Assume alternative to 2.6 kg weight gain

Intensification of SBP/lipid 
management at diagnosis of diabetes

We assumed that any patient taking a statin is prescribed the same dose. A diagnosis of diabetes may 
lead, however, to titration of statin therapy to more intensively manage CVD risk. This would reduce the 
cost-effectiveness of the lifestyle intervention

Can also assume a tighter target for blood pressure

Increasing the risk of diabetes beyond 
the 4-year DPS intervention

People may regress in their lifestyle habits without continued re-enforcement. Table 2 of the DPS follow-
up paper suggests some weight regain in those free from diabetes at start of follow-up period, although 
we do not have data on whether this occurred in both study arms

A sensitivity analysis could test out the effect of a reduced longer-term risk reduction than assumed in the 
main analysis

Note: conversely, it could be argued that participants in the DPS control arm might have responded better 
than a real-world control group because of the effect of being in a trial, with follow-up to 8 years.

Higher alternative QoL benefit with 
lifestyle intervention

There may be QoL benefits beyond those related to weight. The QoL effect of the DPP intervention was 
0.02, which was greater than that predicted by weight changes alone

A more pessimistic sensitivity analysis around the mean weight change at year 1 could be done – the CIs 
around the mean 3.4 kg difference between treatments was 2.6–4.2 kg

Effect of alternative adherence 
assumptions

Outcomes would be much improved if adherence could be improved. Analyses have shown that those 
who meet nearly all of the lifestyle change targets, or lose 5% body weight, appear to have very low risk 
of diabetes. But it is unclear how much non-achievement of targets is due to non-adherence vs non-
response

We could assess what the impact would be of an alternative adherence rate

continued
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Sensitivity analysis Rationale

Cost-effectiveness and affordability in 
different subgroups

The analysis by Gillies et al. (2007)179 showed that interventions are more cost-effective in patients with 
a higher BMI. Success of the intervention is also likely to be influenced by baseline insulin secretory 
capacity. Payback may also be shorter in these subgroups

The identification of high-risk subgroups would allow treatment to be targeted in a more cost-effective 
and affordable manner. Specific subgroups include:

 ■ those who smoke
 ■ Asians – progression from IGT to diabetes is much higher in Asians (Ramachandran et al.)229

 ■ higher-risk subgroups identified using an existing risk tool for predicting diabetes

Costs during IGT have been reported 
to rise and may not be fully accounted 
for by rising incidence of CVD (e.g. 
might be more GP visits)

Could use year-on-year cost trend while IGT in line with evidence sourced by Palmer et al. (2004)243

There is also a study from the UK of resource use in primary care in the 5 years before diabetes is 
diagnosed282

Insulin and QoL Apply a utility decrement of –0.03 for insulin users rather than that based purely on weight gain

Remove microvascular benefits 
predicted during IGT period

The risks of complications at relatively low levels of glycaemia are not well quantified and may be 
overstated using risk equations derived from data sets that included only patients with diabetes

a In the DPS, the mean baseline FPG was 109.5 mg/dl with a SD of 14. Based on the ADA criteria for IFG of 110 mg/dl this suggests that a 
considerable proportion of the DPS participants had both IFG and IGT.

TABLE 43 Potential further sensitivity analyses (continued)
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Appendix 7  

Protocol

Technology assessment report commissioned by the NHS R&D Programme on behalf of the 
HTA programme.

Title

Non-pharmacological interventions for adults with impaired glucose tolerance.

TAR team

Lead and contact person:

Prof. Norman Waugh 
Dept of Public Health 
Medical School Buildings 
Foresterhill 
Aberdeen AB25 2ZD

Corri Black, lecturer in public health

Massoud Bourejerdi, statistician

Michael Gillett, ScHARR

Mari Imamura, systematic reviewer

Paul McNamee, SRF, HERU

Amudha Poobalan, research fellow

Pam Royle, senior research fellow (information specialist and systematic reviewer)

Graham Scotland, health economist, Health Economics Research Unit

Ailsa Snaith, systematic reviewer

Sue Jick from Boston will assist with the survey of current practice using GPRD data.

Plain English summary

Diabetes is characterised by elevated blood glucose levels, and there is international agreement 
on how high the level has to be before diabetes is diagnosed – a good bit above normal. So some 
people have blood glucose levels that are not normal, but not diabetic. Some of these people have 
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high glucose levels only after meals, or after glucose tolerance tests (when the body’s reaction to 
a glucose drink is tested). They are said to have impaired glucose tolerance or IGT. Others have 
high levels while fasting but their glucose level after a meal may be normal. They are said to have 
impaired fasting glucose, IFG.

IGT and IFG are important for three reasons. Firstly, they may both progress to diabetes. 
Secondly, both, though more so IGT, are associated with an increased risk of heart disease.

Thirdly, if we were to screen for type 2 diabetes, we would find more people with IGT and IFG, 
depending on which screening test was used, than with diabetes. Having found them, we need to 
be able to advise on management.

This review will examine non-pharmacological ways of reducing the risk of IGT and IFG 
progressing to diabetes, and will also consider ways of reducing the risk of heart disease in people 
diagnosed with the conditions.

Many will be diagnosed not by screening, but by their own doctors, for example if they are being 
checked for heart disease risk, or because of a family history of diabetes.

Background

The prevalence of diabetes is increasing. In type 1 diabetes, we do not know the cause or causes 
and therefore it cannot be prevented. However, in type 2 diabetes, which makes up about 80% 
of all diabetes, we know that being overweight or obese greatly increases the risk, and so much 
T2DM is theoretically preventable. Exercise may also play a role independently of weight, as well 
as associated with it.

The prevalence of obesity is also rising. It is likely that if we could prevent some obesity, we would 
prevent or at least delay, a corresponding amount of T2DM.

Two conditions (which may co-exist) appear to precede T2DM. The first is impaired glucose 
tolerance, in which fasting glucose is normal but there is post-prandial hyperglycaemia. The 
definition comes from the oral glucose tolerance test (OGTT). The second is impaired fasting 
glucose, when the fasting level is raised but the post-prandial level does not reach IGT levels.

TABLE 1 Plasma glucose levels (mmol/l) and diagnostic categories

Fasting 2-hour OGTT

Normal 6.0 or under < 7.8

IFG 6.1 to 6.9 < 7.8

IGT < 7.0 7.8 to 11.0

Diabetes 7.0 or over 11.1 or over

IFG and IGT have been called ‘pre-diabetes” but the term is unsatisfactory because not all people 
with the two conditions go on to develop diabetes. However, about half (REFs) do. So they 
represent a group in whom intervention may be able to prevent or delay the onset of diabetes.

There are currently discussions in the National Screening Committee and Department of Health 
about screening for type 2 diabetes. In its early stages, T2DM can cause no symptoms, but can be 
causing damage to small and large blood vessels.
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If there is screening for diabetes, we would expect, depending on method used, to detect as many 
people with IGT and/or IFG, as with diabetes. Hence, before any screening programme starts, we 
need to decide what to do with those with IGT and IFG.

Possible interventions include drugs such as metformin, but the main focus of this review will 
be on non-pharmacological interventions. Metformin has been used as an arm in trials of 
prevention and therefore will be a comparator for some purposes.

Decision problem

Key question: Are there clinically and cost-effective interventions which will reduce the 
development of diabetes in those with IGT and IFG?

Interventions to be examined
Weight loss in those who are overweight (BMI 26–29) or obese (BMI 30 and over), by calorie 
restriction, alone or combined with exercise.

Exercise therapies. Does exercise alone, without weight loss, lead to reduction in risk?

Qualitative changes in diet – i.e. without calorie restriction and weight loss.

All of the above depend on compliance, so we will also look for evidence on ways in which 
adherence to diet and exercise can be improved.

Ethnic differences. The risk of diabetes is higher in people of South Asian ancestry, and there is 
some evidence that their exercise habits may differ from indigenous Britons. We will therefore 
look specifically for trials in this population.

Comparators
The comparator will be standard care. In primary care, this is changing because of the new 
contract, but in brief it will be taken as no organised screening; the usual lifestyle advice given 
opportunistically; and care of diabetes when it becomes symptomatic. However, we will carry out 
a survey of primary care using the GPRD database, to see if there are data on recent practice.

Population and subgroups
The risk of IGT and diabetes increases steeply with age, and it could be argued that only, say, 
the over-45s should be included. However, it is likely that in addition to diabetes increasing in 
prevalence, there is also a reduction in age at onset. True T2DM is being seen in children. A 
counter-argument might be that intervention should therefore be much earlier, in the hope of 
establishing healthier habits at a younger age that would then persist.

Subgroups of interest will be influenced by the debate on screening, but will include;

 ■ the South Asian population
 ■ those who are overweight as children and young adults
 ■ older age groups, because of the rising prevalence with age
 ■ possibly, those with other features of the metabolic syndrome such as hypertension, central 

obesity and high lipids.

The remit for the review starts with the fact of IGT and IFG, and is concerned with reduction of 
progression to diabetes. However, inevitably, the costs and benefits of treating IGT and IFG will 
affect the wider economics of screening, and this is considered in the economics section.
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We will note and briefly report on any evidence for prevention of IGT and IFG. Strictly speaking 
that is outwith the remit, but measures to prevent IGT and IFG are probably similar to those 
for treating them. Similarly if we retrieve trials dealing with people with metabolic syndrome 
(however defined) but who do not have IGT or IFG, we will note them in passing, since 
potentially the interventions could reduce later IGT.

Methods: clinical effectiveness

The patient group is defined by the remit – those diagnosed with IGT and IFG.

Search strategy
Some of the topics that need to be considered have been covered by other reviews. Our first 
step will be to search for reviews, and to identify good quality ones. Their findings will then 
be summarised.

They will include:

 ■ recent Cochrane reviews, including that by Norris and colleagues on ‘Long-term non-
pharmacological with loss interventions for adults with pre-diabetes’

 ■ the Australian Evidence-based guideline for the primary prevention of type 2 diabetes
 ■ the guide to community preventive services: diabetes and physical activity: Task Force on 

Community Preventative Services 2002 (USA)
 ■ the New Zealand Health Technology Assessment Centre report on dose, intensity and type of 

physical activity required to affect risk factors for cardiovascular disease.

We will then search for primary evidence from more recent studies, not included in 
previous reviews.

Several key-note studies will have been covered in other reviews, but will be summarised in this 
review for convenience, and their applicability to the UK considered.

We will search MEDLINE, EMBASE, and all sections of The Cochrane Library. The last two years 
of the Science Citation Index – for meeting abstracts only – will also be searched.

Our general approach to literature searching will be as follows, looking in sequence at:

1. The epidemiology and natural history of IGT and IFG, to give baseline data against which to 
judge the interventions. Population-based epidemiological studies will be sought.

2. Effectiveness and cost-effectiveness of lifestyle interventions for ‘pre-diabetes’, IGT and IFG, 
and ‘metabolic syndrome’ (however defined). We will look for trials of interventions such as 
physical activity and weight loss, back to 1990. Preliminary investigation indicates that these 
can be successful in trials. The outcomes here will be progression to diabetes, side-effects, 
quality of life, cost-effectiveness.

3. Adherence to lifestyle interventions for the above conditions, plus diabetes. Success in 
routine care may be less than in trials, and so we will look also for reviews and RCTs, back 
to 1990, which provide evidence on ways of increasing motivation to participate in and 
persist with such lifestyle changes. Given the problem of volunteer bias, only RCTs will 
be used for conclusions on effectiveness, but other studies may be included if they help to 
explain adherence or non-adherence. The outcomes here will be adherence or its converse, 
dropout rate.
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4. Type 2 diabetes and physical activity. Some evidence from people who already have diabetes 
may be useful. We will include only reviews from 2000 onwards in this section.

The search strategy below will be run in MEDLINE for studies on the epidemiology and natural 
history of IGT and IFG:

1. incidence/or prevalence/
2. Epidemiology/
3. Glucose Intolerance/ep [Epidemiology]
4. Prediabetic State/ep [Epidemiology]
5. (impaired glucose intolerance or impaired fasting glucose or prediabet$or pre-diabet$).tw.
6. (1 or 2) and 5
7. 3 or 4 or 6.

The search strategy below will initially be run in MEDLINE (back to 1966) for reviews, RCTs and 
economic evaluations:

1. exp Prediabetic State/
2. exp Glucose Intolerance/
3. exp Diabetes Mellitus, Type 2/pc [Prevention & Control]
4. Metabolic Syndrome X/
5. (pre-diabet$or prediabet$or fasting glucose or impaired glucose tolerance or (elevated adj3 

glucose) or glucose intolerance or hyperglycemia or hyperglycaemia or metabolic syndrome 
or insulin resistance or (risk$adj2 diabet$)).tw.

6. 1 or 2 or 3 or 4 or 5
7. exp Diet Therapy/
8. Exercise/
9. exp Life Style/

10. ((prevent$adj3 diabet$) or non-pharmacological or non-drug or (diet$adj3 weight loss) or 
exercise or life-style or life style or physical activity).tw.

11. 7 or 8 or 9 or 10
12. randomized controlled trial.pt.
13. random$.tw.
14. meta-analysis.pt.
15. (systematic review or systematic overview).tw.
16. 12 or 13 or 14 or 15
17. 6 and 11 and 16
18. limit 17 to english language.

This strategy will then be combined with appropriate search filters for systematic reviews, RCTs, 
and economic evaluations. The search strategy will then be adapted as appropriate and run in the 
other databases mentioned above.

The search will be limited to English language only.

If further relevant search terms or interventions become apparent during the course of review 
then the above strategy may be modified.

In addition, the National Research Register will be checked for ongoing studies and contact may 
be made with key authors for unpublished data.
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Inclusions and exclusions
The focus will be on lifestyle interventions such as diet and physical activity. Gastric surgery for 
morbid obesity will not be included (but we will summarise and refer to previous reviews such as 
the HTA monograph).

Because the interventions relevant to this review are lifestyle ones, only RCTs will be included 
because of the risk of bias in non-randomised studies, such as volunteer bias (people willing to 
take part, and to persist with, trials of weight loss or exercise, may have been going to do better 
without the intervention, so randomisation to intervention or control groups is essential).

Trials of less than 2 years’ duration will be excluded. Ideally, we would like follow-up of 10 years 
or more.

We will prefer UK-based studies for prevalence and natural history but will use with caution 
studies from countries with a similar ethnic and socio-economic mix (Australia, New Zealand).

Studies in the general population may not be applicable to people diagnosed with IGT, partly 
because of the effect of the diagnosis, partly because of associated factors such as overweight.

Study selection will be made independently by two reviewers. Discrepancies will be resolved by 
discussion, involving a third reviewer if necessary.

Outcomes of interest
Primary outcomes

 ■ Prevention of diabetes in those with IGT and IFG.
 ■ Regression from IGT and IFG to normal blood glucose levels.
 ■ Cardiovascular mortality and morbidity.

Secondary outcomes (mainly affecting cardiovascular risk)
 ■ Weight loss of 5kg or more if sustained for more than 2 years.
 ■ Significant reduction in plasma cholesterol (% with TC under 5.2 mmol/l, or with drops of 

1 mmol/l or more).
 ■ Reduction in blood pressure.
 ■ Costs of health care.

Compliance with interventions will not of itself be used as an outcome.

Data extraction strategy
Data will be extracted independently by two reviewers using pre-defined data extraction forms. 
Discrepancies will be resolved by discussion, with involvement of a third reviewer if necessary.

Quality assessment of reviews and trials
The quality of each study will be assessed by one reviewer. Uncertainties will be discussed with a 
second reviewer. Criteria used will be those from CRD report number 4, amended if necessary.

Analysis and reporting
The results of good quality reviews will be reported in a narrative form. If there are differing 
conclusions among these reviews, the reasons will be explored.
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The results of trials will be reported, summarised in table form, and may be presented in a meta-
analysis if appropriate.

Information on prevalence and natural history will be reported in narrative form.

Cost-effectiveness

Existing economic studies will be reviewed. Evidence on the increased lifetime costs of diabetes, 
compared with being non-diabetic and pre-diabetic, will be sought from published literature 
and models.

Assuming that there is evidence of clinical effectiveness – that intervention can prevent or delay 
progression to diabetes – the interventions will be costed from the perspective of the NHS. 
Intervention could be double, in the sense of there being a compliance intervention to improve 
adherence to a lifestyle one.

As a first step, the cost per case of diabetes prevented, or of at least two-year delay in onset, 
will be calculated. The two year period is really too short but we are pessimistic about finding 
evidence from long-term (e.g. 10 or more years).

Secondly, the monetary savings over a life-time from prevention or delay will be estimated.

Thirdly, the disutility from being diabetic will be derived from published literature and 
the impact on quality of life estimated; the benefits of prevention can then be expressed in 
QALY gains.

Fourthly, cost per QALY will be estimated. Costs and QALYs will be discounted by 3.5%.

We will consider patient costs at such a time, and any costs of diet or exercise. We will also 
consider, if data appear, any benefits to other family members.

We will not develop a long-term diabetes economic model. Diabetes models are complex, and 
several tried and tested ones already exist. We will renew a previous collaboration with ScHARR, 
who have a well-developed model of type 2 diabetes.

An outline of the draft model structure is shown below. The three main components are:

1. an annual Markov model representing transitions from normoglycaemic and pre-diabetic 
states to one of these or to diabetes

2. a diabetes progression model that predicts risk such cardiovascular events and mortality and 
other-cause mortality

3. a risk model for cardiovascular events in normoglycaemic and pre-diabetic states.

Possible progression pathways include:

IGT > diabetes and later > cardiovascular disease

IGT > cardiovascular disease but without diabetes

IGT > both diabetes and CVD.
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Intervention to reduce the risk of progression to diabetes, would probably increase the rate 
of regression from IGT to normality. That would not affect diabetic outcomes, but would 
affect cardiovascular ones. The Sheffield model will be expanded to add an IGT locus but also 
a normality one. We will need to do some literature reviewing specifically to populate the 
economic model.

Cardiovascular risk in the normoglycaemic and pre-diabetic states will need to incorporate 
traditional risk factors such as blood pressure and cholesterol, and in particular, a relationship 
between glucose (and possibly weight?) and CHD risk. This is important as pre-diabetic 
patients have a significantly elevated CHD risk compared with the general population. The best 
mechanism for this needs further consideration but might involve using data from the DECODE 
study to modify risks obtained from Framingham or the UKPDS risk equations.

Sensitivity analyses will undertaken to identify which variables contribute most to uncertainty 
in the results, and a restricted probabilistic sensitivity analysis (PSA) will be undertaken (unless 
cost-effectiveness is demonstrated across all sensitivity assumptions). Colleagues at Sheffield have 
developed methods for substantially reducing the computational burden of using PSA in models.

Survey of current practice

A survey of current recorded prevalence, regression, persistence and progression, of IGT and 
IFG, and of treatments given, will be undertaken using the UK General Practice Research 
Database (GPRD). The GPRD is one of the largest longitudinal primary care records database, 
anonymised and used for research. Since 1988, over 4 million residents of the United Kingdom 
have registered with more than 300 GP practices that provide data for the GPRD. Details of 
patient characteristics, treatments prescribed and clinical diagnoses are available. GPRD has been 
used extensively for research in drug therapy and outcomes in people with diabetes mellitus. It 
has not, to the best of our knowledge, been used to identify people with pre-diabetic states.

The aims of this survey will include:

Annual
Markov
Model

Complication-free
Enter ScHARR diabetes treatment,
progression/complications model

Diabetic

Pre-diabetic

Pre-diabetic

Normoglycaemic

Intervention

No intervention
As per intervention arm

Complication/mortality
using UKPDS equations
for CHD-related
risk/mortality

= Annual markov model of:
• transitions from/to pre-diabetes state
• cardiovascular events and all-cause
   mortality
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 ■ Establishing if people with IGT and IFG are identified by their GPs and that information 
is recorded in the GP records. The fitness of GPRD data for this purpose is not known at 
present. This survey will provide useful insight into how well this condition is currently 
recognised and recorded by GPs; providing relevant information to inform policy regarding 
approaches to the management of potentially pre-diabetic states.

 ■ Estimate the prevalence of IGT and IFG recorded in UK general practice and trends in 
recording over time

 ■ Describe the characteristics of people reported to have the conditions including evidence of 
other components of a metabolic syndrome, clinical management, and disease progression 
(or regression).

We would focus on GPRD data from 2000 to 2005 in order to be able to describe current clinical 
practice but will also look at historical data to describe trends and if possible follow people with 
IGT and IFG diagnoses to describe disease progression.

The coding system available to GPs using the GPRD does include a code for impaired glucose 
tolerance, and also for ‘pre-diabetes’ (which we have tended to avoid because not all people 
with IGT or IFG progress to diabetes). We propose to use this code, as well as looking for 
combinations of codes such as abnormal glucose in the absence of a prior diagnosis of diabetes 
mellitus (Table 2). Once potential cases have been identified using this screening approach, we 
will review patients’ computer records to classify people as:

 ■ probable IGT or IFG
 ■ possible IGT or IFG
 ■ IGT or IFG excluded.

For each ‘probable’ or ‘possible’ case, details of follow up, treatment, and outcomes would be 
recorded. Other metabolic syndrome risk factors will be noted.

Total GPRD population counts will also be obtained in order to allow us to estimate age specific 
rates of IGT and IFG.

TABLE 2 Examples of READ codes that could be used in combination with the absence of a prior code for diabetes 
mellitus to ‘screen’ the GPRD for potential cases

Code Terms

1408.00 At risk of DM

212 6300 DM resolved

R102.11 Pre-diabetes

R102.00 GTT abnormal

R102.12 Impaired GTT

44U5.00 Blood glucose 7–9.9

44U6.00 Blood glucose 10–13.9

44UZ.00 Blood glucose 14+

44U9.00 Blood glucose abnormal

44Uz.00 Blood glucose raised

44Uz.11 Hyperglycaemia

44V2.00 GTT impaired

44V3.00 GTT abnormal

R105700 Blood glucose abnormal
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Collaborations and costs

A group in the Aberdeen Medical School has secured a contract for a review of interventions in 
obesity. Following discussion, the timescale for that review will be compatible with our one. This 
should reduce the work involved.

The Scottish Evidence-based Child Health Unit has carried out a review of prevention of obesity 
in childhood. IGT and IFG are probably rare in children, but obesity is becoming more common, 
so this assumption may not be justified. Data on prevalence will be sought. Key points from the 
SEBCHU review will be summarised in our review, either in the main text or as an appendix, 
depending on perception of relevance.

The recent review of screening for type 2 diabetes covered some issues that relate to this review, 
and this will also offset the time costs.

Several other reviews are likely to be useful, and as already mentioned, will be summarised. This 
‘review of reviews’ may reduce the number of primary studies requiring to be data-extracted, 
hence offset the cost of this TAR, and enable us to transfer some funds to the GPRD survey.

As regards the modelling, colleagues in ScHARR will extend their model, run it to provide data, 
and we will write it up in collaboration.

Timelines

Final protocol sent to NCCHTA on 28 August.

Literature searches by 3 August.

Clinical effectiveness review August to October.

Survey of current practice using GPRD, by mid-October.

Cost-effectiveness review and modelling September to October.

Draft sent out for peer review by end of November.

Comments back by late December.

Final draft to NCCHTA by end of January.
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Feedback

The HTA programme and the authors would like to know 
your views about this report.

The Correspondence Page on the HTA website 
(www.hta.ac.uk) is a convenient way to publish your 

comments. If you prefer, you can send your comments 
to the address below, telling us whether you would like 

us to transfer them to the website.

We look forward to hearing from you.
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