
Current, new, and emerging therapies
for managing hyperglycaemia in
type 2 diabetes

proliferator-activated receptor γ (PPARγ)
activation, these drugs showed much
promise in terms of durability of effect and, in
those who respond well to the agent, useful
reductions in HbA1c. Pioglitazone has been
shown to have beneficial effects on lipids
and there appears to be established
cardiovascular benefit, particularly in
secondary cardiovascular prevention.5 Some
concerns have been raised for the drug class
about links to osteoporosis through a
putative mechanism of ‘uncoupling’ of
osteoblast and osteoclast action and this is
subject to ongoing evaluation.
Insulin use in type 2 diabetes has

increased considerably following publication
of UKPDS.6 The introduction of analogue
insulins, in either monophasic basal long-
acting formulations (insulin glargine, insulin
detemir) or biphasic premixed preparations,
have further facilitated uptake of insulin
therapies. Analogue insulins, with their flatter
kinetic profiles and reduced tendency to
cause nocturnal hypoglycaemia, compare
favourably with existing isophane insulins.
This has made initiation and maintenance of
insulin therapy in primary care more
straightforward. However, considerable
professional and patient education is still
needed, as well as frequent blood glucose
monitoring according to the frequency of
insulin administration. In addition, some risk
of hypoglycaemia remains and many
patients with type 2 diabetes gain significant
weight with insulin treatment with or without
improved glycaemia.

NEW THERAPIES
The discovery of the ‘incretin effect’ has
revealed a pathway in glucose homeostatis
that can be targeted by new glucose-
lowering agents. This effect is seen when
comparing insulin responses to intravenous
and oral glucose loading in experimental
situations, with a significantly greater insulin
response being observed following the oral
glucose. In those with normal physiology,

ingestion of food results in the release of two
incretin hormones, glucagon-like peptide-1
(GLP-1) from the L cells lining the ileum, and
glucose-dependent insulotropic polypeptide
(GIP) from the K cells in the jejunum. In
combination with neural signalling, the
presence of incretin hormone results in
pancreatic beta cell-receptor activation and
insulin release. Importantly this process is
glucose dependent as GLP-1 is not secreted
in any significant quantity unless substrate is
present in the bowel. GLP-1 is rapidly
inactivated (1–2 minutes) by dipeptidyl
peptidase-4 (DPP-4).
In people with type 2 diabetes GLP-1

secretion is markedly diminished, but GLP-1
receptor sensitivity preserved.7 By contrast,
beta cell responsiveness to GIP is lost.
Investigators have looked at methods of
replacing GLP-1 or enhancing its action
through inhibition of DPP-4. As a peptide,
GLP-1 is destroyed in the stomach and
cannot be given orally. Analogues, that are
DPP-4 resistant, have been synthesised
from reptilian peptide found in the saliva of
the Gila monster (Heloderma suspectum)
and share over 50% homology with native
GLP-1.
The first incretin mimetic to have entered

mainstream clinical use is exenatide. This
twice-daily subcutaneous injection causes
glucose-dependent insulin secretion,
appetite suppression, delayed gastric
emptying, and weight loss.8 As a result of its
glucose-dependent action hypoglycaemia is
uncommon. In early animal experiments
increase in beta cell mass was reported.
Exenatide has been available in the US for
over 3 years and in the UK for the last
12 months. The main side effect is transient
nausea in just under half of those treated,
with approximately 3% discontinuation rate
in the licensing trials. There have been 30
cases reported of pancreatitis worldwide but
this is widely regarded as a background rate
for such a population of patients. A once-
daily human GLP-1 analogue, liraglutide, will
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The last decade has witnessed the
introduction of several new drug classes and
drug formulations that effectively reduce
hyperglycaemia in type 2 diabetes.
Expansion of drug choices is set against a
background of increasing awareness of the
progressive nature of type 2 diabetes. The
next decade will see emergence of new
therapies with novel modes of action further
broadening the palate of agents available for
clinical use. This expansion will enable
tailoring of therapy in diabetes based on
individual response to a particular drug, as
well as any specific side-effects arising from
treatment.

CURRENT THERAPIES
Consensus guidelines have now
incorporated metformin as the first choice
oral agent, along with appropriate dietetic
and lifestyle advice, in the early management
of hyperglycaemia in type 2 diabetes.1 It has
also a role in preventing people with
impaired glucose tolerance (IGT) progressing
to type 2 diabetes.2 Metformin acts by
reducing gluconeogenesis (elevated in type
2 diabetes) and improving insulin sensitivity.
This is the only biguanide in current practice.
Patients can experience significant
gastrointestinal side effects which may be
ameliorated by switching from immediate-
release preparations to newer delayed-
release formulations.
Recent NICE guidance promotes the use

of sulphonylureas as second-line therapy.3

These agents act by directly stimulating
insulin secretion by beta cells in a non-
glucose dependent manner and can cause,
in some individuals, weight gain and
hypoglycaemia.
The place of thiazolidindiones — the

‘TZDs’ or ‘glitazones’ — has come into
question following the publication of a meta-
analysis showing an excess of myocardial
infarctions in patients treated with
rosiglitazone.4 As insulin sensitisers, whose
action is mediated through peroxisome
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be commercially available in the near future.
Liraglutide is albumin bound, exhibits 97%
homology to human GLP-1, is DPP-4
resistant and has a half-life of 13 hours.9 In
addition, a once-weekly long-acting release
injectable preparation will shortly be added
to the therapeutic range of incretin agents
with fortnightly and monthly versions
thereafter.10 Initial trials of an inhaled GLP-1
were reported at the recent American
Diabetes Association Annual Scientific
meeting.
Two drugs that inhibit the action of DPP-4

have been licensed in the UK and recently
introduced into clinical practice.11 Sitagliptin
is a once daily oral agent while vildagliptin is
twice daily. Vildagliptin is also currently
available in a fixed-dose formulation with
metformin. Rises in liver function tests were
seen with higher doses used in vildagliptin
licensing trials and 3-monthly testing for the
first year is recommended. These are
generally slightly weaker glucose lowering
agents than GLP-1, weight neutral, well
tolerated and have the distinct advantage of
being orally administered. Several other
drugs in this class are coming to market.
Long-term safety data for DPP-4 inhibitors is
not yet available.
The impact of these newer agents on

long-term cardiovascular risk remains
uncertain. Recent very large studies
(ADVANCE12 and ACCORD13) using currently
available therapies looked at the impact of
intensification of blood glucose lowering on
cardiovascular events, that is targets of ≤7%.
Neither trial showed statistically significant
reductions in major cardiovascular events
but both did show microvascular benefit. If
trials were lengthened considerably, for
example 10 years or more, early trends
showing cardiovascular gain might become
statistically meaningful. However, ACCORD
was stopped because of an excess of
deaths (predominantly due to ischaemic
heart disease) in the intensively-treated
group targeting HbA1c <6%. Subjects in
ACCORD had longer duration of diabetes
than ADVANCE, more cardiovascular
complications and were treated with a more
rapid glucose-lowering protocol (over a 3-
month period). They were on more oral and
insulin therapies and had more
hypoglycaemia. While the commonly used
targets of HbA1c 7% and 6.5% remain
desirable in the management of type 2

diabetes the case, perhaps, aiming for 6% or
lower requires some consideration while the
issues raised by ACCORD are explored
further.

EMERGING THERAPIES
There are several new classes of drugs
targeting different aspects of glucose
control.
Selective peroxisome proliferator-

activated receptor modulators (SPPARMs),
similar in concept to selective oestrogen
receptor modulators (SERMs), using
adjuvant co-factors and producing less side
effects than thiazolidinediones, are in a
reasonably advanced stage of development.
They will have an impact on glucose
regulation and adipocyte function.
Sodium glucose co-transporter type 2

(SGLT2) inhibition is seen as a useful
mechanism for improving hyperglycaemia.
SGLT2 promotes 90% glucose re-
absorption (along with sodium re-
absorption) from the S1 section of the
proximal renal tubule. Sodium glucose co-
transporter Type 1 acts on the distal two-
thirds of the proximal tubule and re-absorbs
10% glucose. Inhibition of SGLT2 results in
glycosuria and normalisation of blood
glucose. Potential benefits include improved
glucose control independent of insulin
action, low risk of hypoglycaemia, use in
both type 1 and type 2 diabetes, and
improvements in blood pressure control
consequent upon enhanced sodium
excretion. Potential challenges with this drug
class include polyuria, electrolyte imbalance,
urinary tract infections, and dehydration.
Dapagliflozin and remogliflozin are SGLT2
inhibitors in early human trials.
Glucokinase has been investigated as a

potential therapeutic target. Through the
dual action of glucose-stimulated insulin
secretion and increased hepatic glucose
uptake and utilisation, glucokinase
activators improve glucose control. Potential
problems include hypoglycaemia, weight
gain, and fatty liver (steatosis).
In addition, it is recognised that people

with type 2 diabetes have increased glucose
production due to gluconeogenesis.
Glucagon-receptor antagonists block the
action of glucagon as well as increasing
insulin and GLP-1 production. This action
significantly attenuates hyperglycaemia in
early human studies with reduction of

HbA1c and weight loss without
hypoglycaemia. Potential problems include
delayed recovery from hypoglycaemia,
rebound hyperglucagonaemia, as well as
direct liver and pancreatic effects.
Researchers looking for agents that delay

ageing have identified that calorie-restricted
rats live up to 25% longer than non-starved
controls. Enhanced activity of enzymes
belong to the sirtuin family has been shown
to contribute to this longevity. Humans
possess seven sirtuin deacetylases. Silent
mating type information regulation 2
homolog Saccharomyces cerevisiae (SIRT1)
simulates calorie restriction lowering blood
glucose, improving insulin sensitivity and
reducing insulin secretion. Resveratrol
(SRT 501) (3,5,4’-trihydroxystilbene) is a
polyphenolic phytoalexin and a SIRT1
activator.14 It is a natural product found in
skin of red grapes and has been shown to
reduce both glucose and insulin levels,
decrease endothelial inflammation in the
aorta, delay the onset of osteoporosis, and
reverse the effects of a high calorie diet.
SIRT 1 activating compounds (STACS) are in
development and are a thousandfold more
potent than resveratrol.15

CONCLUSION
Glucose lowering in type 2 diabetes
continues to show clear benefits in terms of
reduced microvascular risk. However with
the established drug classes, such as
sulphonylureas and insulin, glucose lowering
is often at a therapeutic cost in the form of
weight gain and hypoglycaemia. There are
some uncertainties about the possible
adverse effects of glitazones. GLP-1
analogues and DPP-4 inhibitors are glucose-
dependent agents that are either weight
losing or weight neutral as well as far less
likely to cause hypoglycaemia.16 However,
longer-term data on durability and safety are
awaited. Emerging therapeutic approaches
to diabetes care appear to offer new
opportunities for our patients to have
individually-tailored therapy, achieve
maximal glucose lowering, and avoid the
important treatment side effects of
hypoglycaemia and weight gain.

Neil Munro,
GP, Claygate, Surrey and Associate Specialist in
Diabetes, Beta Cell Diabetes Centre, Chelsea and
Westminster Hospital, London.
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Reducing the rise in type 2 diabetes
The York and Humber Public Health
Observatory1 reports that 4.7% of the
population now have diabetes, of which
92% (4.3% of the population) have type 2
diabetes. The diagnosed prevalence has
doubled between 1994 and 2003. The
increasing number of people with type 2
diabetes reflects several factors: an ageing
population; a true increase in prevalence,
related to increased prevalence of
overweight and obesity; decreasing physical
activity; better survival of those with diabetes
due to improved control of blood glucose,
blood pressure, and lipids; and earlier
diagnosis, partly from informal screening. (A
recent study using British general practice
data found that one-third of people aged
over 40 years [excluding those known to
have diabetes] underwent blood glucose
measurement in the previous 2 years.2)
The debate on whether there should be

organised screening has shifted towards a
broad-based approach of cardiovascular
risk reduction. This is logical, as the main risk
for those with undiagnosed type 2 diabetes
is vascular disease. The arguments for
screening are that:

• Many people with type 2 diabetes,

perhaps 20% although some estimates
are higher, are undiagnosed.

• People can develop complications such
as eye disease, before they develop
symptoms and have their diabetes
diagnosed.

• The risk of heart disease is increased, and
the first symptom of heart disease may be
a heart attack which is often fatal.

• People with impaired glucose tolerance
(IGT) are also at higher risk of heart disease
than those with normal glucose levels.3

• Progression to diabetes can be reduced or
delayed by lifestyle measures (and by
drug therapy, such as metformin).

So the aim of screening would be to treat
hyperglycaemia and the vascular risk at an
early stage, and to prevent complications.4

There is then the additional debate about
whom to screen. Consensus exists on the
need for selective screening, by age and risk
factors. For practical purposes (given that
screening would be done in primary care),
the other factors would be those which are:
firstly, recorded in GP records, and secondly,
are strongly predictive of diabetes or ‘pre-
diabetes’. So screening might be based on:
age over 40 years; body mass index (BMI)

over 26 kg/m2; presence of other markers of
metabolic disease such as hypertension,
high cholesterol or triglycerides, ischaemic
heart disease, or peripheral arterial disease;
and, if available, family history of diabetes or
other metabolic disease. In reality, age and
BMI provide a good basis for selection.5

If we did have organised screening, we
would, depending on the test used and the
cut-offs chosen, detect more people with
lesser degrees of glucose impairment, such
as IGT, than with undiagnosed diabetes.
Macrae and colleagues6 screened high-risk
patients and found 8.5% to have type 2
diabetes, and 9.6% to have IGT or impaired
fasting glycaemia. In the wider population,
there are probably about three times as many
people with IGT as with type 2 diabetes.
Non-pharmacological interventions with
diet and physical activity have been shown to
be effective in large trials in Finland, the US,
India, and China. But these trials involved
volunteers in whom compliance is likely to be
much better than average, and even in them
compliance waned over time, despite
continued intervention. In other studies,
once the intervention stopped, the effect was
soon lost.
The duration of many trials is far too short




