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At this moment, approximately ten different classes of
drugs are or soon will become available for the treatment
of type 2 diabetes mellitus (table 1). Of the glucoselowering agents, pramlintide has not been approved by
the European Medicines Agency (EMEA) and two, a GLP
(glucagon-like peptide)-1 and a DPP (dipeptidyl peptidase)IV-inhibitor, have recently been approved but have not yet
become available on the European market. The recent
increase in available blood glucose-lowering drugs is
remarkable, because after the introduction of insulin (at
the beginning of the 20th century), the sulphonylureas
and metformin (mid-1940s and 1950s) no innovative
treatment modalities had been introduced until less than
a decade ago.
The development of new classes of glucose-lowering
medications has expanded the treatment options for type
2 diabetes, but has also introduced more uncertainty
regarding which treatment option is the most appropriate.
Recently, management guidelines have been published that
provide a directive for the most appropriate intervention
for treating patients with type 2 diabetes.1,2 Nevertheless,
except for the initial therapy, these reports acknowledge
that in fact no definitive guidelines can be provided
regarding subsequent treatment choices.

The primary goal is achieving glucose levels as close to
normal as possible without imposing a high risk of (severe)
hypoglycaemic attacks. An HbA1c ≥7% should serve as a
call to act by initiating or changing therapy to ultimately
reduce microvascular and most likely macrovascular
complications in type 2 diabetes.3
Since durability and long-term safety have to be established
in almost all new drugs, metformin is universally
considered to be the drug of choice as it is cheap, safe and
effective. Moreover, metformin is associated with either
weight stability or weight loss.2,4
As type 2 diabetes is characterised by a progressive
decline in β-cell function, treatment needs to be adjusted
regularly and commonly results in combination therapy
of metformin with sulphonylureas or insulin as secondline treatment; both are cheap and cause effective glucose
lowering yet often at the expense of weight gain and a
higher risk of hypoglycaemia. Some view the failure of
clinicians and their patients to effectively implement
available interventions as the main reason for insufficient
glycaemic control, more so than the lack of available
drugs.5
So, why do we need new drugs for the treatment of type 2
diabetes if the old ones are so effective?

Table 1. Different therapeutic modalities for the treatment of type 2 diabetes mellitus and mode of action
Agents
Insulin
Sulphonylureas
Metformin
Thiazolidinediones
α-glucosidase inhibitors
Meglitinides
GLP-1 analogues
DPP-IV inhibitors
Rimonabant
Pramlintide

Mode of action
Stimulation of insulin receptor and glucose uptake
Stimulation of insulin secretion
Inhibition of hepatic gluconeogenesis and increase in hepatic insulin sensitivity
Increase in muscle insulin sensitivity, decrease in lipotoxicity and modulation of adipocytokines
Delay in glucose absorption
Stimulation of insulin secretion
Stimulation of (glucose-dependent) insulin secretion and inhibition of glucagon release
Stimulation of (glucose-dependent) insulin secretion and inhibition of glucagon release via increase of
endogenous GLP-1
Weight reduction through blockade of the cannabinoid receptor-1; probably weight independent effects?
Inhibition of glucagon release and gastric emptying
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First of all, despite currently available treatment options,
targets are not met in at least 50% of patients in clinical
trials.6,7 Keeping in mind that patients participating in
clinical trials are most probably more motivated and
interested, the percentage of patients reaching these
targets will be even lower in daily clinical practice. It
has been argued that lifestyle changes should always be
part of everyday diabetes treatment. We acknowledge
that lifestyle interventions flanked by diabetes education
and dietary control are the cornerstone of treatment and
have proven to be effective both during intervention and
onwards.8 Nevertheless, even then these measures alone
are not sufficient to reach glycaemic targets and to sustain
metabolic control. Secondly, even more stringent targets
have been set recently with respect to HbA1c.9,10 It is to be
expected that these guidelines will be followed by other
organisations and societies. Finally, as mentioned before,
hypoglycaemia and especially weight gain are of particular
concern with sulphonylureas and insulin.
The question arises whether combinations of new drugs,
each specific with its pharmacological mechanism of
action, can expand our ability to manage patients with
diabetes.
Thiazolidinediones (or peroxisome-proliferator-activated
receptor-gamma (PPAR-γ) agonists) represent a class of
drugs with a new mechanism of action. In response to
PPAR-γ activation the expression of different genes within
the target cells changes. PPAR-γ is mainly expressed
in fat cells and activation will lead to (pre)adipocyte
differentiation. As such, fat cells take up triglycerides
more easily while lipolysis is inhibited. Subsequently, the
level of circulating free fatty acids decreases resulting in
an increase in insulin sensitivity. Other mechanisms may
also play a role in improving insulin sensitivity.11
The efficacy with respect to blood glucose lowering with
thiazolidinediones is comparable with (but not better than)
sulphonylureas and metformin. Recently two long-term
trials were performed that investigated treatment with
pioglitazone (PROactive trial) or rosiglitazone (ADOPT).12,13
In the PROactive trial HbA1c levels were on average 0.5%
lower in patients randomised to pioglitazone than to
placebo, but no benefit was found with regard to its primary
combined cardiovascular endpoint. A 16% decrease in its
secondary endpoint (death, myocardial infarction and
stroke) after three years was noted. However, this should
be balanced against the main adverse effects, such as
fluid retention, which are probably related to heart failure
and weight gain. The trial outcome is therefore viewed
controversial.14
In ADOPT, the study’s primary endpoint was to compare
glycaemic control achieved by rosiglitazone, metformin,
and glyburide monotherapy. Rosiglitazone was found
to be superior to glyburide (a sulphonylurea derivative)
with respect to durability during five years of treatment.

However, the differences between rosiglitazone and
metformin were quite small and of questionable clinical
relevance. Again weight gain and fluid retention were
the main side effects in the rosiglitazone-treated group.
Although insulin secretion (β-cell function) improved
shortly after rosiglitazone treatment, this was unfortunately
not sustained.
Recently, new side effects of the available thiazolidinediones
(both rosiglitazone and pioglitazone) were reported.15
The incidence of upper arm, hand, or foot fractures was
significantly higher in women receiving rosiglitazone
than in those receiving metformin or glyburide treatment.
The company’s clinical trial database also revealed that
pioglitazone-treated women were more likely to have
sustained a fracture than those receiving a comparator
drug or placebo during a maximum period of 3.5 years.
No increased risk for fracture was identified in men with
either drug.
Because of weight gain, fluid retention and the increased
risk of bone fractures in women, the thiazolidinediones
do not appear to be the ideal drugs for intensification of
combination therapy.
The α-glucosidase inhibitors and meglitinides are,
certainly in the Netherlands, less widely prescribed. The
α-glucosidase inhibitors have serious gastrointestinal
side effects but are not associated with weight gain. The
meglitinides are short acting so that optimal timing with
meals is of crucial importance and they confer a risk of
hypoglycaemia, although less than sulphonylureas. As
such they can be used as an alternative for but should not
be added to sulphonylureas.
All other new classes are characterised by a lack of
sufficient data from long-term studies with ‘hard’ outcomes
and limited experience, leaving us with questions about
durability and especially side effects. In general the
expectations with respect to glucose-lowering effects
should not be that high in these new drugs. However, it
would be of particular interest to find out what the effects
will be, for example on weight gain, when these agents are
combined with other drugs.
The glucagon-like peptide (GLP)-1 analogues stimulate
insulin secretion, suppress glucagon and slow gastric
emptying. The first results with these agents show that
the effect on glycaemic control is moderate (decrease in
HbA1c of 0.5 to 0.9%) but sustainable during 18 months
of treatment.16 They lower body weight, but serious
gastrointestinal side effects occur and they need to be
injected subcutaneously. Although it needs to be confirmed
in humans, improvement of β-cell function was found in
animal studies.17
As a natural gastrointestinal peptide, GLP-1 is rapidly
inactivated by dipeptidyl peptidase IV (DPP-IV). Inhibitors
of DPP-IV (gliptins) have been developed to increase levels
of endogenous GLP-1. On top of metformin, sitagliptin
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decreased HbA1c by 0.6% during a short follow-up of
24 weeks.18 Distinct from GLP-1 analogues, DPP-IV
inhibitors do not appear weight neutral and to lack
gastrointestinal side effects.
Rimonabant is also an interesting option with respect to
its effects on weight reduction. Nevertheless the glucoselowering effects are limited.19
The amylin analogue pramlintide is currently not
registered in the Netherlands. Its beneficial effect on
weight is promising, but this drug also needs to be
injected.
It can be concluded that at the moment the availability
of new drugs should not preclude metformin and
sulfonylureas (and insulin) as initial therapy since
the ‘oldies’ are still very useful. For various reasons, a
significant number of patients with type 2 diabetes will
not reach the glycaemic target with these drugs. Therefore,
we do need new drugs for the treatment of type 2 diabetes
mellitus. These new drugs are promising but (long-term)
comparative trials with different combinations focussing on
glucose-lowering and disease-modifying effects, durability,
as well as side effects (especially with respect to weight
gain), are required. In short, we especially do need to know
when and in whom to use the new drugs. We need to sort
out which combination therapy should be given to a specific
person with type 2 diabetes. Individualised medical therapy
with different combinations of drugs has the future.
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