
Introduction

There is a pandemic of type 2 diabetes.
Global estimates predict a doubling of
cases over the next 20 years1 and a recent
Australian survey found a 15% popula-
tion prevalence of impaired glucose tol-
erance (IGT).2 The reasons are complex,
and include adoption of a ‘western’
lifestyle in developing countries and a
soaring prevalence of obesity in devel-
oped countries. Type 2 diabetes is a pow-
erful risk factor for ischaemic heart
disease. Even ‘prediabetic’ states increase
cardiovascular risk because glucose

intolerance ‘clusters’ with insulin resis-
tance, obesity, hypertension, dyslipi-
daemia and impaired fibrinolysis.
Collectively termed the dysmetabolic (or
metabolic) syndrome, this phenotype is
discussed in the accompanying article on
cardiovascular prevention in diabetes.
No fewer than 25% of Americans fulfil
World Health Organization criteria for
the metabolic syndrome3 so there are
massive public health implications.

Diagnostic criteria

The diagnostic criteria are listed in
Table 1. In a patient with typical hyper-
glycaemic symptoms, a single plasma
glucose of 11.1 mmol/l or above and/or a
fasting value of 7.0 mol/l or above is suf-
ficient to diagnose diabetes. An oral glu-
cose tolerance test is required only in
subjects with non-diagnostic fasting or
random glucose levels.

Glycosuria cannot be used to diagnose
diabetes; it can be found in normogly-
caemic subjects who have a low renal
glucose threshold. A finding of glyco-
suria should prompt laboratory glucose
measurements. IGT and impaired fasting
glucose (IFG) are considered prediabetic
states. Key points about them are listed in
Table 2.

Prevention of type 2 diabetes

Progression from IGT to type 2 diabetes
can be delayed, although it is less certain
that true prevention is achievable. In the
Diabetes Prevention Program,4 3,234 sub-
jects with IGT were randomised to
lifestyle intervention, metformin, or stan-
dard healthcare. Lifestyle change reduced
progression to type 2 diabetes by 58%
compared with standard healthcare and
was effective in all age groups. Metformin
reduced progression by 31%, but only in
younger, more overweight individuals.
Similar results for lifestyle intervention
were reported in the Diabetes Prevention
Study.5 Subjects in these trials received
considerable support from research staff.
On average, subjects took about 150 min-
utes of moderate intensity exercise weekly
and achieved an average weight loss of
3–6 kg. In the real world, however, many
individuals do not achieve these modest
results so metformin is of interest as an
alternative.

Acarbose, an alpha-glucosidase
inhibitor, reduced progression from IGT
to type 2 diabetes by 25%,6 but protection
did not persist after drug withdrawal. The
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Normoglycaemia ‘Pre-diabetes’ Diabetes*

FPG <6.0 mmol/l IFG** FPG �7.0 mmol/l (126 mg/dl)
(<110 mg/dl) FPG 6.0–6.9 mmol/l

(110–126 mg/dl)
†2-hr PG <7.8 mmol/l IGT† †2-hr PG �11.1 mmol/l
(140 mg/dl) 2-hr PG 7.8-11.0 mmol/l (200 mg/dl)

(140–200 mg/dl)
Symptoms of diabetes and 
random PG concentration 
�11.1 mmol/l (200 mg/dl)

* The measurement should be repeated on a subsequent day to confirm a diagnosis of diabetes in an
asymptomatic patient.
** Fasting is defined as no caloric intake for at least 8 hours.
† Oral glucose tolerance test: 75 g anhydrous glucose dissolved in water with measurement of fasting
and 2-hour plasma glucose.

FPG = fasting plasma glucose, IFG = impaired fasting glucose, IGT = impaired glucose tolerance, PG =
plasma glucose.

Table 1. Diagnostic criteria for diabetes.

� IGT and IFG are not clinical entities
but should be considered as risk
categories for CVD and/or future
diabetes

� IGT and IFG are not interchangeable;
only 20% of subjects with an
abnormality of glucose regulation will
have both IGT and IFG

� IGT is 2-3 times more common than
IFG in most populations

� IGT is a better predictor of CVD risk

CVD = cardiovascular disease.

Table 2. Key points about impaired
glucose tolerance (IGT) and impaired
fasting glucose (IFG).



insulin-sensitising thiazolidinedione,
troglitazone, reduced by 58% compared
with placebo the risk of type 2 diabetes in
Hispanic women with a past history of
gestational diabetes.7 Protection appeared
more sustained than with acarbose as
there was no increase in cases of type 2
diabetes for eight months after drug with-
drawal. Finally, the anti-obesity agent
orlistat has recently been shown to reduce
progression from IGT to type 2 diabetes
by 37%.8

Conclusions from these studies

The first conclusion that can be drawn
from these studies is that lifestyle change,
if achieved, is a potent means of reducing
the risk of type 2 diabetes. This has
implications for individuals and also for
governments responsible for public
health, transport and food policies.
Secondly, it is unrealistic to expect
lifestyle measures alone to work so a
combined approach is needed.9 Met-
formin is currently the ‘best buy’, but
ongoing trials with the thiazolidinedione
rosiglitazone and the prandial glucose
regulator nateglinide will guide manage-
ment of prediabetes in future.

United Kingdom Prospective
Diabetes Study (UKPDS)

The implications of the UKPDS for
cardiovascular prevention are discussed
in an accompanying article. Some points
specific to glycaemic management are:10,11

• There were no differences in glucose
control or microvascular end points
between patients treated with
chlorpropamide, glibenclamide or
insulin.

• Metformin, used as primary therapy
for overweight patients (>120%
ideal body weight) reduced both
microvascular and macrovascular
end points, even though glucose
control was similar to other
therapies.

• Metformin was the only therapy not
associated with weight gain.

• The alpha-glucosidase inhibitor
acarbose was poorly tolerated; half
the patients randomised to acarbose

withdrew due to unacceptable side
effects.

Clinical management guidelines

Of the myriad published diabetes man-
agement guidelines, those of the National
Institute for Clinical Excellence (NICE)12

are likely to influence clinical manage-
ment in the UK. They emphasise the
importance of regular patient assessment
because of the progressive nature of
type 2 diabetes. A stepped approach is
advocated for glucose control (Fig 1).

Lifestyle change

For the established patient, dietary
change remains the cornerstone of initial
management, with an emphasis on
encouraging overweight patients to lose
weight and take more exercise. The
Nutritional Subcommittee of Diabetes
UK13 has recently updated its recom-
mendations for diet composition
(Table 3).

‘Diabetic’ foods, vitamin supplements
(except in particular conditions such as
cystic fibrosis), antioxidants and ‘herbal’
remedies are not recommended. Trans-
lating these rather ‘dry’ recommendations
into advice to patients on what to eat
requires input from a trained dietitian.
Practical advice on implementation of
these recommendations is available.13

Monotherapy

Metformin

Metformin is recommended as first-line
monotherapy in overweight or obese
patients who have not achieved optimal
glucose control with a diet.12 Metformin
is preferred because, as mentioned above,
unlike other oral hypoglycaemic agents it
does not cause weight gain. There is also a
suggestion both from UKPDS11 and
another recent study14 that metformin
may also have cardioprotective potential. 

Up to 20% of patients have gastroin-
testinal side effects on metformin and
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Fig 1. Stepped care approach to diabetes treatment (DCCT = The Diabetes Control
and Complications Trial; HbA1c = haemoglobin A1c).

Lifestyle change

Monotherapy

Combination therapy

Insulin (± oral hypoglycaemic agent)

• Regular clinical review with HBA1c
monitoring every 2–6 months
depending on control

• Target HBA1c 6.5–7.5%. Higher targets
may be needed for those at risk of
severe hypoglycaemia

• DCCT aligned HBA1c method
recommended

Macronutrient Recommendation

Protein <1 g/kg body weight

Total fat <35% energy intake

Saturated fat <10% energy intake

Cis-monounsaturated fat 10-20% energy intake

Total carbohydrate 40-60% energy intake

Sucrose Up to 10% of daily energy intake
(provided in context of a healthy diet)

Fibre No quantitative recommendations

Salt <6 g/day

Table 3. Dietary recommendations of Diabetes UK.



some cannot tolerate this drug. Initiating
treatment with a low dose and gradually
titrating upwards according to the
haemoglobin A1c (HbA1c) response can
reduce side effects. Metformin is con-
traindicated in patients with renal failure
(serum creatinine ≥130 �mol/litre
(mcmol/l),12 decompensated cardiac or
hepatic failure.

Secretagogues

Metformin can also be considered in
patients who are not overweight,
although insulin secretagogues are gen-
erally advocated as first-line therapy in
this group. A range of these agents is
available (Table 4).

There is little to choose between
insulin secretagogues in terms of efficacy
and hypoglycaemic risk, so selection is a
matter of personal preference and expe-
rience. Long-acting preparations offer
advantages in patients in whom concor-
dance is a problem. Prandial glucose reg-
ulators may help patients with non-
routine daily lifestyles.

Glitazones

The glitazones, rosiglitazone and piogli-
tazone, are newer agents whose primary
mechanism of action is to reduce insulin
resistance in peripheral tissues, especially
skeletal muscle. Both agents have
recently been granted a monotherapy
licence. Their place in initial therapy of
type 2 diabetes remains unclear but their
mechanism of action suggests they are an
appropriate monotherapy choice in met-

formin-intolerant overweight patients.
Preliminary data suggest that the glita-
zones may reduce cardiovascular risk,
but results from ongoing clinical out-
come studies are awaited.

Acarbose

Another monotherapy option is acarbose
but, as mentioned above, its poor tolera-
bility makes it a less favoured choice 
with many clinicians (and patients!).
Side effects can be lessened by starting
with a low dose and titrating up slowly
over several weeks.

Orlistat

The anti-obesity agent orlistat may also
be considered as an adjunct to lifestyle
advice. However, it should be prescribed
only to adults with a body mass index of
28 kg/m2 or above who have lost 2.5 kg
by diet and increased activity in the
month prior to their first prescription. It
will not achieve rapid control of blood

glucose and should be combined with
conventional oral hypoglycaemic agents
rather than used as monotherapy.

Combination therapy

UKPDS clearly demonstrated a progres-
sive requirement for multiple therapies.15

After nine years of monotherapy with
diet, insulin or sulphonylurea, 9%, 28%
and 24% of the patients, respectively,
achieved HbA1c levels below 7%. In obese
patients randomised to metformin, 13%
attained HbA1c levels below 7%.

Combination therapy is required when
target HbA1c levels are not achieved by
lifestyle change combined with appro-
priate monotherapy. Before adding addi-
tional tablets it is worth checking the
patient’s concordance with lifestyle advice
and tablets, although disease progression
is clearly an alternative explanation for
not achieving target levels. Assuming con-
cordance is satisfactory, NICE advocates a
combination of metformin and an appro-
priate insulin secretagogue.12

Glitazones are not recommended in
combination therapy unless a patient is
unable to take ‘standard’ combination
therapy or where this is not achieving
optimal glucose control. It is important
to emphasise that substituting a glitazone
for either metformin or an insulin secre-
tagogue may result in a temporary dete-
rioration of glucose control because the
glitazone takes six months to work.
Adding a glitazone to standard combina-
tion therapy for three months as triple
therapy before withdrawing one of the
standard agents may overcome this
problem.
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Long-acting Short-acting Ultra short-acting
(once daily) (2 or 3 times daily) (prandial glucose regulators 

immediately before eating)

Glibenclamide* Tolbutamide Repaglinide

Glimepiride Gliclazide Nateglinide**

Gliclazide LAR Glipizide

* Avoid in elderly people (>70 years) or those with renal failure due to risk of severe and prolonged
hypoglycaemia.
** Licensed for use only in combination with metformin

Table 4. Currently available insulin secretagogues (see British National Formulary for
dose schedules.

There is a pandemic of type 2 diabetes; its prevalence is set to double over the
next two decades

There are also at least as many cases of ‘prediabetes’; progression to diabetes can
be limited by lifestyle measures and drug therapy

The UK Prospective Diabetes Study showed metformin, insulin and sulphonylureas
to be equally effective in controlling hyperglycaemia

Type 2 diabetes is a progressive disease, so a ‘stepped care’ approach,
progressing from monotherapy to drug combinations, is needed

Key Points

KEY WORDS: cardiovascular disease, glucose intolerance, insulin, oral
hypoglycaemics, stepped care, therapy, type 2 diabetes



Indications for insulin

The progressive nature of type 2 diabetes
makes insulin therapy more likely with
increasing disease duration. About 50%
of patients with type 2 diabetes for
15 years or longer need insulin.

Certain characteristics predict patients
likely to need insulin therapy earlier:16

• lean patients

• younger patients

• higher fasting glucose at diagnosis

• lower beta cell reserve at diagnosis.

Lean patients are likely to be less
insulin resistant and have more severe
insulin deficiency at presentation. Up to
15% of such patients may have positive
antibody markers for type 1 diabetes, a
condition termed latent autoimmune
diabetes of adults. Indications for insulin
therapy are summarised in Table 5.

Insulin should not be recommended
solely on HbA1c results. Many patients
with type 2 diabetes are elderly, so prac-
tical considerations like manual dex-
terity, eyesight and social circumstances
must be taken into account. The risk of
hypoglycaemia is higher with insulin
therapy (2.3% per annum) than with
insulin secretagogues (1.6% per annum)
and an elderly patient living alone at
home with few symptoms and a raised
HbA1c may be safer on tablets than on
insulin.

The timing of insulin initiation is
important. Clinical trial and audit data
suggest that insulin initiation in type 2
diabetes will lower HbA1c levels by about

2% on average, associated with a weight
gain of 3–5 kg. In those reports,
pre-insulin HbA1c levels were generally
over 9% and patients with very high
HbA1c levels (>11%) did best. In patients
with HbA1c levels of 7.5–9% there is less
evidence that early transfer to insulin
achieves such impressive results and each
case should be judged on merit.

Which regimen?

Numerous options are available in
choosing a regimen using combinations
of short- and intermediate-acting human
insulin, pre-mixed preparations and/or
insulin analogues. Regimens should be
individualised according to the patient’s
needs and circumstances and the advice
of a diabetes specialist nurse is invalu-

able. Commonly used insulin regimens
are summarised in Table 6. Weight gain is
an almost universal consequence as
insulin reduces the glycosuria of poor
glycaemic control. Continuing met-
formin therapy when transferring to
insulin limits the degree of weight gain
and is generally recommended.12,17

Conclusions

Type 2 diabetes is a disease that pro-
gresses inexorably from the pre-diabetic
state of IGT to the need for insulin to
control hyperglycaemia. Early interven-
tion delays its development. Once estab-
lished, stepped care is needed to control
hyperglycaemia. However, it cannot be
overemphasised that hyperglycaemia
control is only one facet of management
of type 2 diabetes. Meticulous attention
to cardiovascular risk factor reduction
and lifestyle change (discussed elsewhere
in this section) are at least as important
as management of glycaemia.
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Patient preference

Short-term

Acute myocardial infarction
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HbA1c = haemoglobin A1c.
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