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It is well established that tight glycaemic control in type 2 diabetes (T2DM)

reduces the risk of microvascular complications. The majority of patients

will, at some point, need to start insulin therapy in order to achieve the

American Diabetes Association (ADA) goal of a glycated haemoglobin

(HbA1c) below 7%. This is largely because of the progressive loss of beta-

cell function associated with the course of T2DM. Adding insulin to oral

agent therapy can be an effective means of reaching the target level for

HbA1c. This approach has proved to be feasible in clinical trials that rely

on dose-titration protocols for regular adjustment of the insulin dose.

Furthermore, reliable patients should be able to follow such protocols and

make dose changes based on their home glucose-monitoring values. The

timely addition of insulin to an oral agent regimen along with close

attention to its optimal dosing will lead to better glucose control, which

will translate into better health for these patients.

T2DM is associated with enormous morbidity and mortality. In the US, it

contributes to more cases of adult-onset loss of vision, renal failure and

amputation than any other disease.1 Diabetes is also a major risk factor

for cardiovascular disease. Patients with T2DM have a two- to five-fold

increased risk for cardiovascular disease compared with patients without

diabetes.1 About 80% will die from cardiovascular disease.2

Clinical trials have shown that maintaining tight glycaemic control can

prevent the onset and slow the progression of microvascular

complications in T2DM.3,4 Epidemiological data have suggested that

cardiovascular disease may be prevented as well.5 Data from these studies

have helped the ADA establish its 2007 clinical practice

recommendations for glycaemic control. For patients in general, the goal

is <7%, while the goal for the individual patient is an HbA1c as close to

normal (<6%) as possible without significant hypoglycaemia.6

The Challenge of Maintaining Glycaemic Control

Maintaining HbA1C <7% is a challenge in clinical practice. Despite

publication of an evidence-based HbA1C target, the majority of adults

with T2DM in the US probably do not have an HbA1C value <7%. 

In fact, analysis of data from the National Health and Nutrition

Examination Survey (NHANES) III revealed that mean HbA1c values 

of patients with T2DM actually deteriorated from the study years of

1988–1994 and 1999–2000, and that a smaller percentage had HbA1C

values below 7%.7 Higher rates of control have been reported in

patients with T2DM who are being managed by endocrinologists.8 A

more common use of insulin in this setting may be a reason for 

this observation. 

Delay in starting insulin is an important reason why patients with T2DM

do not reach the HbA1c goal. Insulin is often started after oral agents

have failed to control hyperglycaemia for an extended period of time. The

lack of timely progression of therapy to maintain good control in patients

with T2DM is illustrated in a study that examined the pattern of use of

oral agents in the treatment of T2DM.9 From the time of diagnosis to the

start of insulin therapy, the average patient had spent five years with

HbA1c above 8% and 10 years above 7%. 

Diminished insulin secretion due to a progressive loss of beta-cell function

limits the amount of time during which oral agents by themselves are

able to maintain HbA1c below 7%. Most people with T2DM will require

insulin therapy in order to maintain this degree of control.10 Any delay in

starting insulin, as the disease progresses, puts patients at risk of

developing diabetic complications.

Initiating Insulin in Patients Uncontrolled on Oral Agents

There are two different approaches to initiating insulin therapy in patients

with T2DM who are inadequately controlled on oral agents: either using

insulin in combination with oral agents or using insulin by itself. Regimens

using combination therapy with oral agents plus bedtime neutral

protamine hagedorn (NPH) insulin have been proved to be as effective at

achieving improved glycaemic control as regimens using insulin as

monotherapy, even when two or more daily injections are given.11

Studies have shown potential advantages of continuing metformin in

particular when insulin is added. These include improved control with less
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weight gain and hypoglycaemia.12 The logic of combining basal insulin

and oral agents is that the basal insulin suppresses hepatic glucose

production and therefore controls the fasting glucose, which allows the

oral agents to be more effective in controlling the post-prandial glucose

and maintaining glucose control during the day.2

NPH insulin has traditionally been the basal insulin used. Recent trials

have evaluated the efficacy of adding long-acting basal insulin

analogues to oral agents. In the Treat To Target Trial, Riddle et al.

randomised patients inadequately controlled on oral agent therapy

(HbA1c 7.5–10%) to bedtime NPH or glargine, and continued the oral

agent therapy in both groups.13 A dose-titration algorithm was used to

try to achieve fasting glucose levels below 100mg/dl. After 24 weeks,

both groups achieved similar HbA1c values of about 6.9%, and about

60% from each group reached an HbA1c of <7%. More patients

achieved an HbA1c of <7% without documented nocturnal hypo-

glycaemia with glargine than with NPH (p<0.05), and the rates of other

categories of hypoglycaemia were also significantly lower with glargine.

However, the authors noted that severe hypoglycaemia was uncommon

with both treatment groups.

Fritsche et al. randomised patients poorly controlled on oral agents (mean

HbA1c was 9.1%) to glimepiride in combination with glargine in the

morning or bedtime or bedtime NPH and used an insulin titration algorithm

to try to achieve fasting glucoses below 100mg/dl.14 The greatest HbA1c

reduction was seen with morning glargine (p=0.001 versus NPH and 0.008

versus bedtime glargine). Regardless of the injection time, glargine was

associated with significantly less nocturnal hypoglycaemia than NPH

(p<0.001), although the number of patients experiencing hypoglycaemia or

severe hypoglycaemia was similar in both groups.

In the Lantus®+metformin versus NPH+metformin (LANMET) study, Yki-

Jarvinen et al. randomised patients uncontrolled on oral agents (HbA1c

>8%) to bedtime glargine plus metformin or bedtime NPH plus

metformin and titrated the dose to try to achieve fasting glucose values

below 100mg/dl.15 After nine months, HbA1c values were reduced

similarly in both groups to about 7.1%. The frequency of symptomatic

hypoglycaemia was significantly lower in the first 12 weeks in the

glargine plus metformin group (p<0.05), but not significantly different

thereafter. There were no differences in biochemical hypoglycaemia and

no episodes of severe hypoglycaemia.

Another long-acting basal analogue, detemir, has also been studied in

combination with oral agent therapy.16 Patients inadequately controlled

on oral agents (HbA1c 7.5–10%) were randomised to twice-daily detemir,

or NPH with a dose-titration algorithm aimed to reach AM and PM

glucose goals of <108mg/dl. After 24 weeks, both groups achieved an

HbA1c level of <7%. The proportion achieving this level without hypo-

glycaemia was significantly higher with detemir than NPH (p=0.008), and

less hypoglycaemia, including less nocturnal hypoglycaemia, was seen

with detemir than with NPH (p<0.001).

Pre-mixed insulin preparations that contain short- and intermediate-

acting insulins are an alternative way for patients to start insulin.

Several recent studies compared initiating insulin with pre-mixed

versus basal insulin in patients not achieving adequate control with

oral agents. In the INITiation of Insulin to reach A1c TargEt (INITIATE)

study, Raskin et al. randomised patients inadequately controlled on

oral agents (HbA1c >8%) to an oral agent regimen of metformin with

or without a thiazolidinedione (TZD) combined with either twice-daily

biphasic insulin aspart (BIAsp) 70/30 or bedtime glargine.17 Insulin

doses were titrated to target fasting glucoses (and pre-supper glucoses

for the group on the pre-mixed insulin) of 70–110mg/dl by an

algorithm-directed titration. After 28 weeks, HbA1c was significantly

lower in the BIAsp 70/30 group than in the glargine group (6.9 versus

7.4%, p<0.01), and more reached an HbA1c of less than 7% (66 versus

40%, p<0.001). Of note, a significant difference in HbA1c reduction

between the groups was seen only if the baseline HbA1c was >8.5%

(p<0.05). Hypoglycaemia occurred significantly more often in the

BIAsp 70/30 group (p<0.05). The authors stated that major

hypoglycaemia was rare. The improved glycaemic control with mixed

insulin combination is not surprising because there was not adequate

post-prandial glycaemic control with the failing oral agent therapy and

glargine. A more appropriate comparison group would have been

mealtime short-acting insulin and basal glargine in place of the failing

oral agent therapy with glargine.

In a similar study, insulin was initiated along with metformin as twice-

daily lispro mix 75/25, or once-daily glargine.18 Reduction in HbA1c was

significantly greater with the lispro mix insulin (p=0.002), and more

reached an HbA1c of <7% (p<0.001). Hypoglycaemia rates were lower

with glargine (p=0.041), although no one experienced severe

hypoglycaemia. Again, adding glargine to failing oral therapy with

metformin did not provide adequate postprandial glycaemic control.

Short-acting insulin with meals is needed along with glargine.

In patients insufficiently controlled on oral agents (HbA1c 7.5–10.5%),

Janka et al. compared adding morning glargine to the oral agents with

switching patients to twice-daily 70/30 insulin (70% NPH, 30% regular)

without oral agents.19 Insulin dosage was titrated to target fasting

glucoses (and pre-supper glucoses in the 70/30 insulin group) of

<100mg/dl using a titration algorithm. After 24 weeks, the mean

decrease in HbA1c was significantly greater in the glargine group

(p<0.003). More patients reached an HbA1c of <7% without confirmed

nocturnal hypoglycaemia in the glargine group (p=0.0013), and this

group also had fewer confirmed hypoglycaemic episodes (p<0.0001). The

authors stated that severe hypoglycaemia was very uncommon in both

groups. This study is somewhat at variance with the results of the

previous two studies cited above.

Initiating lispro insulin before each meal in combination with a daily

sulphonylurea has been shown to be a safe and effective means of

introducing insulin therapy to patients inadequately controlled on oral

agent therapy.20 However, this method of using prandial insulin is not

common in clinical practice, probably because it is a more complex

regimen to execute since it involves titration of three insulin injections.

Taken together, these studies provide some important general messages

with respect to initiating insulin in patients suboptimally controlled on

oral agent therapy: 

• It is possible to achieve good glycaemic control within 24 weeks in

many of these patients. This can be safely achieved using detemir,

glargine, NPH, pre-mixed insulin or even pre-meal lispro insulin, and

adjusting the dose regularly with a dose-titration protocol. 

• Most of the studies found that less hypoglycaemia, especially at night-
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time, occurs with the long-acting basal analogues than with NPH or pre-

mixed insulins. Therefore, basal analogues may present an advantage in

this regard. However, it is important to note that severe hypoglycaemia

was distinctly uncommon in any of the groups studied.

• Regimens using just one injection of basal insulin a day were

successful in safely bringing patients to HbA1c levels below 7%. These

regimens used glargine or NPH and focused on a daily self-monitored

fasting glucose level for making regular dose adjustments. Thus,

initiating insulin can be a relatively simple step to take.

• The results of the study of Raskin et al. might suggest that pre-

mixed insulin offers an advantage over glargine in the more poorly

controlled patients with HbA1c levels >8.5% because it provides

basal as well as prandial insulin. These patients probably have a

greater deficiency of endogenous insulin secretion and therefore are

more likely to require prandial insulin in addition to basal insulin. 

• The results of the study of Janka et al. could be interpreted as

supporting the notion that adding insulin to oral agent therapy is a

more effective way to initiate insulin than discontinuing oral agent

therapy and using insulin by itself. See above regarding concerns

related to the comparison of mixed insulin preparations with failing

oral agents to which glargine is added.

Insulin Initiation in Clinical Practice

The Treat To Target Trial could serve as an example of a practical strategy

for initiating basal insulin therapy in overweight patients without renal

insufficiency who are uncontrolled on oral agent therapy.13 Patients

continued with their oral agent therapy and started with 10 units of

glargine or NPH at bedtime. Glargine can be taken in the morning

instead, as it has been shown to be effective whether taken consistently

in the morning or evening.14,21 The dose was then titrated weekly based

on self-monitored fasting glucose levels. The mean value of the two

preceding fasting levels determined the adjustment. The dose increase

was two units for a value of 100–120mg/dl; four for 120–140; six for

140–180; and eight for >180. The occurrence of hypoglycaemia had an

influence on the titration. No increase was made if a glucose was

<72mg/dl during the week and decreases were allowed if a glucose was

below 56mg/dl or hypoglycaemia requiring assistance occurred during

the week.

The insulin dose could be adjusted using a simple protocol that is

followed by the patient. The multinational ATLANTUS Study showed

that this is a feasible approach.22 In this study, Davies et al. compared

two treatment algorithms for initiating and titrating glargine in

patients with T2DM who were suboptimally controlled on oral agents

and/or insulin. One titration algorithm was investigator-led. The other

involved dose adjustments made by the patient. After 24 weeks, there

was a significantly greater HbA1c reduction with the patient-driven

algorithm (p<0.01). The rate of hypoglycaemia was lower with the

investigator-driven algorithm (p<0.01), but there was no significant

difference in the incidence of severe hypoglycaemia between the two

groups. Thus, having the patient adjust his or her basal insulin dose

with a specific protocol appears to be an effective option for

improving glucose control. Many patients should be capable of

making adjustments to their basal-insulin dose using home glucose-

monitoring values and a simple dose-titration method. Such an

approach might allow the optimal insulin dose to be reached more

quickly than if the patient were relying on periodic physician office

visits for dose adjustments.

Summary

The number of people in the world with diabetes is projected to 

more than double between 2000 and 2030.23 The vast majority of these

people will have T2DM, since this type of diabetes accounts for 

about 85–90% of the diabetic population.2 The incidence of T2DM is 

also increasing in young people, including children and adolescents, 

and represents a growing paediatric problem.24 The increasing number 

of people with T2DM and the development of T2DM at a younger 

age means that there will potentially be an epidemic of people with

diabetic complications.

Using insulin earlier – as soon as it is evident that oral agent therapy by

itself will be inadequate – should help maintain glycaemic control

throughout the course of the disease and minimise the amount of time

for which the patient is exposed to hyperglycaemia. The addition of basal

insulin to oral agent therapy is a safe and effective means of achieving

this. Taking this relatively simple step should, in turn, help prevent the

devastating morbidity and mortality that characterises T2DM. ■
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