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Type 2 diabetes and its complications are affecting increasing numbers of

the pancreas. This pancreatic defect progresses despite therapy and, over

people worldwide. The burden of serious complications can be

time, most patients have very little residual insulin secretion and require

considerable for the individual and for the healthcare system. Many of

exogenous insulin replacement. In addition, it is recognised that about

these complications can be prevented or their progression halted with

10% of people with apparent type 2 diabetes have evidence of

good early management of the condition, including effective

autoimmune disease that is associated with earlier loss of beta-cell
function than in classic type 2 diabetes.4 Thus, over time, insulin therapy
becomes important for most patients with type 2 diabetes.

Recognising the progressive nature
of type 2 diabetes, treatment
programmes incorporating the use of
insulin earlier in its course are
receiving increasing attention.

Type 2 diabetes is initially treated by lifestyle change, including
exercise and diet to induce moderate weight loss, especially in obese
patients. Recent guidelines recommend concomitant initiation of
pharmacological therapy at the time of diagnosis, usually with oral
agents such as metformin.3 The recommended treatment regimen is
focused on the goal of haemoglobin A1c (HbA1c) of <7% with the
addition of another agent if the goal is not met or maintained. The
UKPDS and A Diabetes Outcome Progression Trial clearly demonstrate

management of blood glucose levels. In addition, people with poorly

that monotherapy with most oral agents is likely to fail within a few

controlled diabetes are at higher risk of cardiovascular disease events,

years, albeit at different rates.5,6 Thus, combination therapy is likely to

which are a major cause of morbidity and mortality.

be needed in most cases. The next step in the treatment algorithm
offers various choices, including insulin because it is most likely to get

Large-scale clinical trials have demonstrated the benefits of tight control

patients to goal. However, it is unlikely that most patients and clinicians

in type 2 diabetes, minimising disease complications and improving

will move to insulin therapy at this stage. Thus, most patients are

quality of life.1,2 Recognising the progressive nature of type 2 diabetes,
treatment programmes incorporating the use of insulin earlier in its
course are receiving increasing attention. The United Kingdom
Prospective Diabetes Study (UKPDS) Group followed nearly 3,900
patients with type 2 diabetes receiving intensive therapy with a
sulphonylurea or insulin over 10 years and compared these patients with
a control group receiving conventional treatment (dietary therapy alone).
The patients who received intensive therapy had a 25% risk reduction in
microvascular end-points compared with those who received
conventional therapy.
During the past several years, developments of several new oral
antidiabetic agents and insulin preparations have expanded
therapeutic choices for glycaemic control, more effectively enabling
patients to reach and maintain blood glucose targets. 3 These
developments also allow for a choice of effective combinations of
therapeutic agents to meet goals. Insulin remains an important
treatment option among these. The purpose of this article is to
highlight how insulin can be used effectively in clinical practice in order
to get patients to recommended goals.
Insulin – Still a Treatment Option
Type 2 diabetes is characterised by decreased sensitivity of body tissues
to insulin. However, even in insulin-resistant subjects, type 2 diabetes
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develops only when there is a relative deficiency of insulin secretion from
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Table 1: Frequently Used Insulin Preparations – Comparison of
Human Insulins and Analogues

supporting the earlier use of insulin therapy in the treatment of diabetes,
not only to normalise glycaemic control and emulate normal physiological
insulin secretion, but also to delay or prevent disease-associated

Preparation
Lispro/Aspart
Regular
NPH/Lente
Glargine
Detemir

Onset
5–15 minutes
30–60 minutes
1–2 hours
1–2 hours
1–2 hours

Peak
1–2 hours
2–4 hours
4–8 hours
Flat
Less flat

Duration
4–6 hours
6–10 hours
10–20 hours
~24 hours
12 hours

The time-course of action of any insulin may vary in different individuals or at different times
in the same individual. Because of this variation, time periods indicated here should be
considered general guidelines only.

co-morbidity. This concept is being tested in a large multicentre trial.7
Early use of insulin could theoretically delay the pancreatic dysfunction
that culminates in the loss of insulin production, as signalled by the failure
of oral agents among patients with long-standing type 2 diabetes. If
insulin therapy is postponed until all oral agents fail, the insulin
programme must be more aggressive; single daily injections, alone or in
combination with oral agents, are often ineffective.

Table 2: Summary of the Two Treatment Titration Regimens for
Insulin Glargine Used in Getting Patients to Goal 10

Starting Insulin Therapy
In recent years the trend in diabetes management has been for a

Increase in Daily Basal Insulin Glargine Dose (IU)*
Mean fasting blood glucose Algorithm 1: titration
Algorithm 2: titration
for the previous three
at every visit; managed
every three days;
consecutive days
by physician
managed by subject
100mg/dl and <120mg/dl
0–2 (at the discretion of
0–2 (at the discretion of
(5.5mmol/l and <6.7mmol/l) the investigator)
the investigator)
120mg/dl and <140mg/dl
2
2
(6.7mmol/l and <7.8mmol/l)
140mg/dl and <180mg/dl
4
2
(7.8mmol/l and <10mmol/l)
180mg/dl (10mmol/l)
6–8 (at the discretion of
2
the investigator)
* Target FBG 100mg/dl (5.5mmol/l).
Reviewed by physician at each visit, either in person or over the telephone; titration occurred
only in the absence of blood glucose levels <72mg/dl (<4.0mmol/l).
Magnitude of daily basal dose was at the discretion of the investigator.

physiological approach to insulin therapy. This usually consists of a
basal insulin (a long-acting formulation given once daily) and a preprandial insulin, which is ideally both rapid- and short-acting.

The newer insulin analogues have
been shown to follow normal
insulin-secretory patterns more closely
than existing treatments and may
therefore provide more effective
treatment options.
However, patients may find it daunting to start with three or four

treated with two or three drug combinations of oral agents such as

injections daily. Therefore, a single injection of a basal insulin – used in

metformin and sulphonylureas/thiazolidinedione or incretin-based

conjuction with oral agents – or the twice-daily use of short- and long-

therapy before starting insulin.

acting insulin mixtures, is sometimes used. The pharmacodynamics of
some insulin preparations are summarised in Table 1.

If these fail to maintain good control, insulin therapy is the next step,
usually as an adjunct to oral medication rather than a complete change

Before the approval of the basal long-acting insulin analogues (in 2000

in therapy. To minimise the number of injections, insulin therapy is often

for insulin glargine, Lantus; and 2004 for insulin detemir, Levemir),

initiated with a single injection of long-acting insulin. Many studies have

intermediate-acting preparations such as isophane insulin (NPH) were

demonstrated the advantages of using this single injection at night. This

frequently used as basal insulin, and regular insulin was used as the
prandial insulin. The approval of the basal long-acting insulin analogues

Early use of insulin could theoretically

was a major breakthrough in the treatment of diabetes. The newer
insulin analogues have been shown to follow normal insulin-secretory

delay the pancreatic dysfunction that

patterns more closely than existing treatments and may therefore provide

culminates in the loss of insulin

more effective treatment options.

production, as signalled by the failure

If fasting glucose is elevated, it seems appropriate to target this time of

of oral agents among patients with

day initially, since lowering fasting glucose towards the normal range

long-standing type 2 diabetes.

could lead to lowering the post-prandial glucose excursions. Thus, the
addition of basal insulin, usually given at night to lower the fasting
glucose, to patients on oral agents who are not achieving therapeutic

is usually more convenient for patients and also leads to improved fasting

targets would be appropriate.

blood glucose the next morning, possibly allowing oral agents to work
more effectively during the day.

In the Treat-to-Target Trial,8 the long-acting insulin glargine was
compared with NPH. A primary end-point of this study was to reduce

Should Insulin Be Used Earlier?

HbA1c and the associated hypoglycaemic risk in combination. Both

Traditionally, practitioners had reserved insulin therapy for patients with

insulins were given at night, starting with 10 units, with an aggressive

type 2 diabetes until diet, exercise and treatment with oral agents failed

dose titration to achieve a fasting glucose of less than 100mg/dl. Both of

to maintain glycaemic control. However, there is increasing evidence

these insulins resulted in a significant decline in fasting glucose and
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HbA1c, with no difference between groups (see Figure 1). Approximately
60% of patients achieved target HbA1c concentrations of less than 7%
within the 24-week trial period. However, use of glargine was associated

Figure 1: Fasting Blood Glucose Results in the Treat-to-Target
Trial with both Insulin Glargine and NPH
250

with significantly fewer episodes of hypoglycaemia – including nocturnal
hypoglycaemia – compared with NPH, thus achieving the primary end-
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point of not only reducing HbA1c’ but also doing so with significantly less
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hypoglycaemic risk. Similar results have been obtained with detemir
insulin when added as basal insulin to patients with type 2 diabetes

Mean FPG during study
(both treatment groups)
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suboptimally controlled on oral agents.9
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When starting basal insulin, it makes sense to continue the oral agents at
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the same dose initially, at least until a prandial insulin is added. A single,
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small, evening dose of glargine or detemir at bedtime is advisable, and
the dose adjusted according to the fasting-glucose concentration. The
Treat-to-Target algorithm has been successfully applied to clinical

moving the patient to the next step of therapy – basal bolus treatment

practice to get patients to goal.10,11 It is possible to teach patients to make

with pre-prandial injections of rapid-acting analogues. Usually, it is

their own adjustments in insulin dose based on their own fasting glucose.

appropriate to discontinue sulphonylureas at this stage, but continue
with sensitisers. Even this step can be gradually introduced, with the

Next Steps

short-acting insulin initially given only with the main meal of the day and

If a patient is still not achieving the goal for HbA1c despite adequate
titration of bedtime basal insulin, it usually indicates post-prandial

then gradually increased in frequency and dose. With such a strategy it is

hyperglycaemia or lack of compliance. The former can be addressed by

of long-term complications of diabetes. ■
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