
Abstract

The prevalence of type 2 diabetes is set to double
over the next 25 years, leading to substantial
morbidity and mortality, particularly from

macrovascular diabetic complications. Pre-diabetic
dysglycaemia, characterised by impaired glucose
tolerance (IGT) and/or impaired fasting glucose (IFG), is
associated with an increased risk of developing both
type 2 diabetes and cardiovascular disease. IGT and IFG
appear well before type 2 diabetes is diagnosed,
thereby presenting an opportunity for intervention to
reduce the future burden of diabetes and cardiovascular
disease. Intensive lifestyle interventions are effective in
preventing or delaying diabetes but are difficult to
sustain long term. Intervention trials with
pharmacological agents, e.g. the Diabetes Prevention
Program (DPP) with metformin, and the STOP-NIDDM
study with acarbose, have demonstrated significant
decreases in the risk of progression to type 2 diabetes
in populations with IGT.  Moreover, preliminary
evidence with these agents supports a possible
beneficial effect on cardiovascular outcomes.
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The need for diabetes prevention
Type 2 diabetes mellitus is a major health concern. Estimates sug-
gest that the number of people with diabetes will increase from
the current figure of 194 million worldwide to 333 million by the
year 2025.1,2 Type 2 diabetes usually develops in adults of age 40
years and older and is most common in adults over the age of 55
years.3 In recent years the disease has been diagnosed more fre-
quently in children and adolescents.4,5

Such a trend can only have resulted from environmental
influences and especially those affecting childhood obesity. 

Diabetes is a life-long disease that is associated with microvas-
cular and macrovascular complications (including cardiovascular
disease, retinopathy, peripheral neuropathy and end-stage renal
failure). The most striking effect is the increased mortality from
cardiovascular disease, which is two to three times that of the
non-diabetic population. Together, these place a substantial bur-
den on healthcare costs.2,6,7 In 2002, the American Diabetes
Association (ADA) estimated that US $92 billion were attributable
to the direct costs of diabetes care, with US $23 billion for dia-
betes management, US $25 billion for managing diabetic com-
plications, and US $44 billion for the management of other med-
ical conditions that are common in diabetic patients.8 A further US
$398 billion represented indirect costs (lost workdays, restricted
activity, mortality, and permanent disability due to diabetes).8

While both genetic and non-genetic factors are associated
with the development of type 2 diabetes, the non-genetic fac-
tors including obesity, sedentary lifestyles, high-fat and saturated
fatty acid-rich diets have been shown to be particularly impor-
tant.9 Epidemiological studies have also indicated that the risk of
developing type 2 diabetes is increased in people whose diet is
low in dietary fibre, low-glycaemic carbohydrates and whole
grain cereals.9
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In most people type 2 diabetes results from a combination of
insulin resistance and relative insulin deficiency (decreased insulin
secretion) and the former is usually present for several years
before the onset of clinical diabetes is diagnosed.10 Prior to the
diagnosis of type 2 diabetes, worsening insulin resistance often
leads to the development of impaired glucose tolerance (IGT)
and/or impaired fasting glucose (IFG),2 both of which signify an
increased risk of developing type 2 diabetes and increase the risk
of premature mortality.11,12 In practice, insulin resistance in pre-
diabetic subjects often clusters with other cardiovascular risk fac-
tors, such as obesity, IGT, hypertension, dyslipidaemia and
impaired fibrinolysis, collectively known as the dysmetabolic syn-
drome (also known as insulin resistance syndrome or syndrome
X).13-15

Data from the Diabetes Epidemiology: Collaborative analysis
Of Diagnostic criteria in Europe (DECODE) study emphasise the
importance of pre-diabetic dysglycaemia in determining subse-
quent prognosis (figure 1).11 Baseline fasting glucose levels, and
glucose levels two hours after a 75 g oral glucose tolerance test,
were analysed from 10 prospective European cohort studies
involving a total of 22,514 individuals, who were then followed
up for an average of 8.8 years. Subjects who were found to have
had IFG and, especially, IGT were at greater risk of mortality.
Subjects with established diabetes, whether diagnosed using
fasting or post-load values, were at the highest risk.

A further observational cohort study subjected 2,710 individ-
uals to an oral glucose tolerance test in 1987 and followed them
for 10 years.16 Subjects who had elevated post-load glucose were
at increased risk of developing coronary heart disease and had a
higher risk of death from cardiovascular disease, or from any
cause (figure 2). Interestingly, these associations were equally

strong in subjects who did not go on to develop diabetes as in
those who did, which confirms the prognostic importance of
pre-diabetic dysglycaemia.

The markedly increased risk of progression from impaired
glucose tolerance to type 2 diabetes and the strong association
of both pre-diabetic dysglycaemia and type 2 diabetes with
increased cardiovascular risk emphasise the need for diabetes
prevention. There is increasing evidence that intensive lifestyle
changes or pharmacological intervention can reduce progression
from IGT to type 2 diabetes; preliminary evidence suggests that
such interventions may reduce the burden of cardiovascular dis-
ease. This evidence is reviewed in this article.

Intervention trials in pre-diabetes
Four well-controlled clinical trials, which evaluated the effect of
lifestyle changes and/or pharmacological agents on the develop-
ment of type 2 diabetes in individuals with IGT, have recently
been published (table 1). Other intervention trials, including the
Indian Diabetes Prevention Program (IDDP), Diabetes Reduction
Assessment with Ramipril and Rosiglitazone Medication (DREAM)
and Nateglinide and Valsartan in Impaired Glucose Tolerance
Outcomes Research (NAVIGATOR), are currently ongoing. The
results from these trials will not be available for some years.

Diabetes Prevention Program 
The Diabetes Prevention Program (DPP) is the largest of the tri-
als17,18 and addressed three questions: 

1. Does either lifestyle intervention or treatment with met-
formin (a biguanide antihyperglycaemic agent) prevent or delay
the onset of diabetes? 

2. Do the two interventions differ in effectiveness? 

Figure 1. Mortality according to category of dysglycaemia from the 
Diabetes Epidemiology: Collaborative analysis Of Diagnostic 
criteria in Europe (DECODE) study11
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Figure 2. Subjects with elevated two hours post-load glucose 
(6.7–9.9 mmol/L) are at increased risk of cardiovascular and 
all-cause mortality irrespective of whether they went on to 
develop type 2 diabetes16

Non-diabetic at follow-up            Diabetic at follow-up

0

1

2

3

4

M
u

lt
iv

ar
ia

te
* 

h
az

ar
d

 r
at

io
s 

(9
5%

C
I)

CHD incidence CV mortality All-cause mortality

VOLUME 11 ISSUE 2  . MARCH/APRIL 2004 139

Key: *Compared with normal fasting or two hours post-load blood glucose
levels, as appropriate; CI = confidence interval

Key: *Adjusted for age, sex, waist-hip ratio, systolic blood pressure, cholesterol,
high-density lipoprotein cholesterol, and smoking; CHD = coronary heart 
disease; CV = cardiovascular; CI = confidence interval
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3. Does their effectiveness differ according to age, gender or
ethnic group? 

A further arm of the study had been designed to evaluate
the potential of troglitazone (a thiazolidinedione), to prevent
progression to type 2 diabetes. This part of the study was dis-
continued when troglitazone was withdrawn due to hepato-
toxicity. 

The DPP was a prospective trial involving 3,234 subjects from
diverse ethnic/racial groups and was conducted in 27 clinical cen-
tres in the US. All subjects had IGT (plasma glucose concentra-
tions of 7.8–11.0 mmol/L two hours after a 75 g oral tolerance
test) and elevated fasting plasma glucose (FPG) concentrations of
5.3–6.9 mmol/L. The patients were randomly allocated to inter-
vention with i) placebo tablets twice-daily plus standard lifestyle
advice, ii) metformin 850 mg twice-daily plus standard lifestyle
advice, or iii) intensive lifestyle changes alone (intensive nutrition
and exercise counselling, which was individualised and culturally
sensitive). The participants were followed up for an average of
2.8 years (range 1.8 to 4.6).

At the close of the study, 99.6% of the participants were
alive, of whom 92.5% had attended a scheduled visit within the
previous five months. In the intensive lifestyle intervention group,
50% of the subjects achieved the goal of weight loss > 7% of
body weight during the first six months of the study. The inci-
dence of diabetes was 58% lower in the intensive lifestyle inter-
vention group and 31% lower in the metformin-treated group,
compared with the placebo-treated group. 

Although there were no significant differences in the inci-
dence of diabetes and risk reductions between the interventions
on the basis of sex, race or ethnic group, intensive lifestyle inter-

vention markedly reduced the incidence of diabetes in all age
groups, but especially in older subjects (> 60 years old; 71%
reduction), leaner subjects (initial BMI between 22 and 30 kg/m2;
65% reduction) and subjects with higher FPG (6.1–6.9 mmol/L;
63% reduction), compared with placebo. Metformin was as
effective as intensive lifestyle intervention in reducing the inci-
dence of diabetes in younger (22–44 years old; 44% reduction)
and severely obese (BMI > 35 kg/m2; 53% reduction) individuals,
compared with placebo. Importantly, the beneficial effects of
metformin in reducing the incidence of type 2 diabetes were sus-
tained even after it was withdrawn for one to two weeks (25%
reduction, relative to placebo).19 This suggests that long-term
exposure to metformin may induce chronic rather than acute
changes in glucose tolerance in high-risk subjects. 

The principal side effects of metformin are gastro-intestinal in
nature, though this agent was selected for evaluation in the DPP
partly on the basis of its relatively good tolerability profile.17

Accordingly, rates of adherence to treatment (defined as patients
taking 80% of their prescribed medication) were high through-
out the study in both metformin and placebo groups (71% and
76%, respectively).18,20 Only 7% of patients reported side effects
as a barrier to continuing with study medication.20

Thus, evidence from the DPP favours metformin as a strategy
for preventing or delaying the onset of type 2 diabetes in addi-
tion to its proven benefits in established type 2 diabetes. Health
economic analyses from the same study have shown that the
cost of metformin intervention relative to placebo was US
$2,412 per participant and the cost of the intensive lifestyle
intervention was US $3,540 per participant over three years21 and
that metformin intervention was cost-effective.22
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Table 1. Key features of intervention studies

Study Number of Treatment Change in weight (kg) Relative reduction in risk of
participants or BMI (kg/m2)* type 2 diabetes (%)

DPP 3,234 Placebo + standard lifestyle recommendations +0.1 –

Metformin + standard lifestyle recommendations -2.1 31

Intensive lifestyle intervention (culturally sensitive and -5.6 58
individualised counselling on diet and exercise)

FDPS 522 Diet + exercise (general oral and written information) -0.8 –

Intensive diet + exercise (detailed and individualised -3.5 58
counselling)

STOP-NIDDM 1,429 Diet + exercise + placebo (counselling on diet and exercise) +0.3 –

Diet + exercise + acarbose (counselling on diet and exercise) -0.5 25

Da Qing 530 Control (general instructions for diet and/or activities) -0.34* –

Diet (individualised counselling) -0.30* 31

Exercise (individualised counselling) -0.46* 46

Diet + exercise (individualised counselling) -0.87* 42

All data are means except where indicated.

Key: BMI = body mass index; * = mean changes in BMI (kg/m2); DPP = Diabetes Prevention Program; FDPS = Finnish Diabetes Prevention Study; STOP-NIDDM = Study To 
Prevent Non-Insulin-Dependent Diabetes Mellitus
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Finnish Diabetes Prevention Study 
The Finnish Diabetes Prevention Study (FDPS) compared the
effects of a general diet and exercise (control group) intervention
programme with an individualised and intensive diet and exercise
intervention programme, in 523 Finnish subjects with IGT.23 The
subjects, recruited from five centres, were 40–65 years of age
(mean age 55 years), overweight (mean BMI = 31 kg/m2) and
had IGT. They were followed up for a mean duration of 3.2 years. 

Intensive diet and exercise intervention caused a significantly
greater weight loss from baseline after two years, compared with
the control group (p<0.001) and a significant 58% reduction
(p<0.001) in the risk of developing type 2 diabetes in the intensive
intervention group, relative to the control group. Nevertheless the
study also demonstrated a cumulative incidence of diabetes in the
intensive group of 11%, compared with 23% in the controls. In
other words, there remained a high incidence of diabetes pro-
gression even with intensive diet and exercise therapy. 

Study To Prevent Non-Insulin-Dependent Diabetes
Mellitus 
The Study To Prevent Non-Insulin-Dependent Diabetes Mellitus
(STOP-NIDDM) trial was a multi-centre study, which investigated
the effect of randomised treatment with the alpha-glucosidase
inhibitor, acarbose 100 mg or placebo three times daily in 1,429
mainly white/europid subjects with IGT.24 As in the FDPS, the sub-
jects in this study were 40–70 years of age (mean age 54 years),
overweight (mean BMI = 31 kg/m2), had IGT, and FPG values of
5.6–7.7 mmol/L. Subjects were followed up for a mean of 3.3
years.

At the end of the study, the incidence of diabetes was 42%
in the placebo group and 32% in the acarbose group. This cor-
responded to a significant 25% reduction in the risk of progres-
sion to diabetes with acarbose, relative to placebo (p=0.0016). In
addition, acarbose treatment was associated with improved glu-
cose tolerance. The beneficial effect of acarbose was indepen-
dent of age, sex and BMI. 

Gastro-intestinal side effects associated with acarbose treat-
ment, however, may limit its use in pre-diabetic populations. In
the STOP-NIDDM trial, 30% (211/714) of the subjects ran-
domised to treatment with acarbose discontinued the study
early, of whom 13% (93 patients) did so for gastro-intestinal side
effects.24 In contrast, only 18% (130/715) of the subjects treated
with placebo discontinued early, including 3% for gastro-intesti-
nal side effects.24

Da Qing IGT and Diabetes Study
The Da Qing study was also a multi-centre randomised study that
assessed the effect of intervention with diet, exercise, or diet plus
exercise, relative to control, in 530 Chinese subjects with IGT.25

Subjects were middle-aged individuals, with a mean age of 45
years, a BMI of 26 kg/m2, IGT, and a mean FPG of 5.59 mmol/L.
Follow-up was conducted over a period of six years. 

The cumulative incidence of diabetes in the diet (43.8%),
exercise (41.1%) or diet plus exercise (46.0%) group was signif-
icantly lower when compared with the control group (67.7%;

p<0.05). After adjusting for differences in baseline BMI and fast-
ing glucose, this corresponded to significant reductions in risk of
developing diabetes of 31% (p=0.03), 46% (p<0.0005) and
42% (p<0.005) in the diet, exercise, and diet plus exercise inter-
ventions, respectively.

Prospects for preventing cardiovascular disease
Given the poor cardiovascular prognosis of type 2 diabetic
patients, it would seem reasonable to expect that preventing dia-
betes would prevent the development of cardiovascular disease
in those subjects. However, we have only limited data on the pre-
vention of cardiovascular disease with oral antidiabetic agents,
either before or after the development of diabetes. 

Acarbose treatment was associated with a significant reduc-
tion in the risk of a combined cardiovascular end point, and of
myocardial infarction, in the STOP-NIDDM trial (figure 3).26 These
data should be interpreted with caution, however, as they were
based on a broadly-defined end point (coronary heart disease,
cardiovascular death, congestive heart failure, cerebrovascular
event, or peripheral vascular disease), and the study generated
only a small number of cardiovascular events (47 events in total
contributed to the combined end point). 

Metformin-treated patients from the DPP are currently being
followed for cardiovascular events and these data are eagerly
awaited. Preliminary indications of the effectiveness of met-
formin in a largely dysglycaemic population are available from a
study published more than two decades ago, in 310 patients
with ischaemic cardiomyopathy and a history of myocardial
infarction, who were followed for three years.27,28 Most patients
(86%) were dysglycaemic, either through the presence of type 2
diabetes or IGT (figure 4a). The principal outcomes from this
study are shown in figure 4b. Re-infarction rates were reduced
from 8.9% in the control group to 1.6% in patients receiving
metformin (p=0.003), while the observed reduction in the inci-

Figure 3. Selected cardiovascular outcomes from the Study To Prevent 
Non-Insulin-Dependent Diabetes15
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Footnote: Numbers of cardiovascular events that occurred in the study were:
any event 47; myocardial infarction 13; angina 17; revascularisation 31.
Outcomes not shown: congestive heart failure (2 events in the study); 
cerebrovascular accident/stroke (6 events); peripheral vascular disease (2 events)
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dence of symptoms of angina almost achieved statistical signifi-
cance (p=0.051). These reductions in cardiovascular events are in
line with findings from the UK Prospective Diabetes Study
(UKPDS), which showed that metformin reduced cardiovascular
morbidity and mortality in overweight patients with type 2 dia-
betes.6 In particular, significant risk reductions were reported for
diabetes-related complications (32%), diabetes-related death
(42%) and all-cause mortality (36%) compared with convention-
al diet intervention. No prospective data in type 2 diabetic
patients are available for acarbose, although a recent meta-
analysis of seven randomised, placebo-controlled studies involv-
ing a total of 2,180 patients revealed a significant reduction in
the incidence of a combined cardiovascular end point, and of
myocardial infarction.29

Putting the evidence into practice
These four large intervention studies from different countries
suggest that appropriate intensive lifestyle changes or medical
interventions are likely to decrease the risk of progression from
IGT to type 2 diabetes in high-risk individuals from different
regions and cultures. Lifestyle interventions and weight loss are
important components of strategies for preventing or delaying
the progression to type 2 diabetes in pre-diabetic individuals12

but they are not effective in all subjects. Co-morbid conditions
(e.g. arthritis) and cultural issues may present barriers to success-
ful intervention.

Pharmacological interventions may be implemented more
easily. The evidence base for the different drug options for pre-
vention and treatment of type 2 diabetes is currently limited but
suggests that pharmacological interventions are effective in pre-

venting the onset of type 2 diabetes and may be effective in
reducing the future burden of cardiovascular disease. 

Conclusions
Both pre-diabetic dysglycaemia and clinical type 2 diabetes carry
an unacceptable burden of cardiovascular disease. Governments
must develop strategies designed to improve health by encour-
aging better understanding of the importance of diet and exer-
cise in the prevention of obesity. Unfortunately lifestyle changes
necessary to achieve effective prevention of type 2 diabetes are
difficult to maintain long-term and pharmacological intervention
may be more practicable for many. Large, well-designed studies
with metformin or acarbose have demonstrated significant
reductions in the incidence of type 2 diabetes in populations with
impaired glucose tolerance, although the high withdrawal rate
with acarbose may present a barrier to its successful use in this
population. Preliminary evidence for prevention of cardiovascular
disease is encouraging. The prevention or delay of type 2 dia-
betes is an urgent clinical priority. 
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