
a report by 

Francisco Javier  Ampudia-Blasco

Associate Professor of Medicine, Department of Endocrinology, Nutrition and Metabolism, Clinic University Hospital of Valencia

Several interventional studies have demonstrated that achieving 

near-normal glycaemic control by means of intensive insulin therapy is

the best strategy to avoid and slow the progression of chronic

complications in type 1 and type 2 diabetes.1–3 Interestingly, the

benefits of intensive treatment seem to extend over time, at least in

people with type 1 diabetes, as shown in the Epidemiology of Diabetes

and Interventions and Complications (EDIC) trial.4 However, intensive

insulin therapy using multiple daily injections (MDIs) or continuous

subcutaneous insulin infusion (CSII) increased the risk of severe

hypoglycaemia about three-fold.1 One of the probable explanations

behind this observation was the use of unphysiological insulin

formulations, because both regular human insulin (RHI) and isophane

insulin (NPH) are far from ideal as insulin replacements.

In the last 15 years, new insulin formulations have been coming into

the market. First, short-acting insulin analogues (SAIAs) were developed

to reproduce the physiological prandial insulin response, which is rapid,

powerful and of short duration.5 More recently, long-acting insulin

analogues (LAIAs) were introduced to replace basal insulin secretion,

which is peakless, sustained and necessary to avoid excessive hepatic

glucose production.5 Insulin glulisine is the most recently marketed

SAIA – beside insulin lispro and insulin aspart – and is available to be

used as prandial insulin in adults with type 1 and type 2 diabetes. In this

article, the potential advantages of insulin glulisine will be discussed, as

well as its role as prandial insulin in a basal–bolus regimen.

Insulin Glulisine – A New Formulation

The SAIA glulisine (rDNA origin, Sanofi-Aventis, Inc.) is produced by

recombinant DNA (rDNA) technology using a non-pathogenic strain of

Escherichia coli (K12). Insulin glulisine is a modified human insulin in

which the amino acid asparagine at position B3 is substituted with

lysine, and the amino acid lysine at position B29 with glutamic acid

(see Figure 1). These changes allow insulin glulisine to dissociate

rapidly after subcutaneous (SC) injection, which results in a fast

absorption from tissue into circulation. Additionally, insulin glulisine

uses polysorbate 20 as a stabilising agent instead of zinc, which is used

with insulin lispro and insulin aspart. This unique formulation is

associated with a reduced hexamer and dimer formation in

comparison with other SAIAs, favouring a more rapid absorption.6

These characteristics of insulin glulisine result in a pharmacokinetic

(PK) profile that closely mimics the normal insulin response after meals.

Compared with RHI insulin, glulisine has equivalent bioefficacy but

faster absorption and lower mean residence time.7 In this study, insulin

glulisine was also compared with insulin lispro, demonstrating similar

PK and pharmacodynamic (PD) profiles.7 Insulin glulisine is well

absorbed irrespective of the injection site, although a slightly more

rapid absorption was demonstrated when administered into the

abdominal area.8 The short-acting profile of insulin glulisine is also

maintained across different ethnic groups, paediatric patients and

subjects with altered renal function.9–11

The potential advantages of insulin glulisine in obese subjects deserve

a separate commentary. It is well known that increased SC thickness

alters insulin absorption, shifting the time–action profile curves to the

right.12 In a phase I, randomised, euglycaemic clamp study, a group of

non-diabetic obese subjects received a single injection of insulin

glulisine, insulin lispro or RHI (0.3U/kg SC).13 As expected, time to

onset of glucose infusion was shorter, and maximal glucose insulin

rates were greater for insulin glulisine and insulin lispro compared with

RHI (see Figure 2). However, insulin glulisine differed from insulin lispro

and RHI in that there was no significant correlation between skin

thickness and body mass index (BMI) and the time to maximal

concentration. In other words, it seems that insulin glulisine maintains

its rapid-acting properties more consistently in obese individuals

compared with insulin lispro and RHI.

Insulin Glulisine – Efficacy and Safety

In Type 1 Diabetes

There are not many published studies comparing different SAIAs with

RHI using the same LAIA in all arms. When insulin glargine is used in

the evening as basal insulin by people with type 1 diabetes, no

differences in reducing glycated haemoglobin (HbA1c) were found

after 26 weeks  between insulin lispro or insulin aspart, administered

just before meals, and RHI injected 30 minutes before the meals, when

all patients were instructed similarly in carbohydrate counting.14

However, in a recent published study with a larger number of patients

but of shorter duration (only 12 weeks), insulin glulisine administered

just before meals demonstrated a significantly greater reduction in
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HbA1c compared with RHI injected 30 minutes before meals, or insulin

glulisine after – or 20 minutes after starting – the meal (-0.26% versus

IRH -0.13% versus glulisine after the meal -0.11%; p<0.01).15

Although the clinical relevance of this finding is a matter of discussion,

this study suggests that insulin glulisine may be injected either

immediately before or at the end of a meal, increasing the flexibility of

insulin administration.

In another multicentre, randomised, parallel-group study, the efficacy

and safety of insulin glulisine was compared with insulin lispro in

adults with type 1 diabetes, using insulin glargine once daily in the

evening as basal insulin.16 In this study, both SAIAs, which were

administered 0–15 minutes before meals, achieved similar reductions

of HbA1c at 26 weeks (-0.14±0.04%), although higher total daily

insulin doses were necessary in patients using insulin lispro. At the end

of the study basal insulin dose remained unchanged with insulin

glulisine but increased with insulin lispro (adjusted mean change

+0.12IU in the insulin glulisine group versus +1.82IU of insulin

glargine; p=0.0001), although prandial insulin needs were similarly

reduced in both arms (adjusted mean change of -1.07IU in the insulin

glulisine group and -0.81IU in the lispro group, not significant (NS)).

There were no differences between the groups in symptomatic

hypoglycaemia (overall, nocturnal and severe) or in weight changes.

The clinical relevance of the small divergences in basal and total daily

doses found in this study remains to be established. 

An increasing proportion of people with type 1 diabetes use insulin

pump therapy. CSII is considered as an alternative to MDI for those

patients who are unable to achieve the glycaemic goals.17 To assess the

safety of insulin glulisine in pumps, a 12-week multinational, parallel,

randomised, controlled trial using insulin aspart as comparator was

designed in adults with type 1 diabetes (n=59) under CSII therapy.18

Regarding safety issues, only seven patients (20.7%) in the insulin

glulisine group reported at least one episode of unexplained

hyperglycaemia (>350mg/dl) compared with 14 patients (40.0%) in

the insulin aspart group, although this difference was not statistically

significant. Additionally, four patients (13.8%) in the insulin glulisine

group versus eight patients (26.7%) in the insulin aspart group

experienced at least one catheter occlusion; however, this difference,

again, was not statistically significant. Other evaluated variables, such

as change of HbA1c from baseline, self-monitored blood glucose

profiles, mean total insulin dose and frequency of hypoglycaemia,

were comparable between groups. Therefore, insulin glulisine can be

considered a safe alternative to other SAIAs for patients with type 1

diabetes on insulin pump therapy. Although the catheter change rate

and time between catheter changes were comparable between

groups, an emerging question from this study is whether insulin

glulisine, formulated with polysorbate 20 as stabilising agent and in

solution mainly as dimers and monomers, is more stable in pumps than

insulin aspart (or insulin lispro), which in solution aggregates forming

hexamers with zinc to achieve sufficient stability. Further studies in this

field should clarify this question.

In Type 2 Diabetes

The efficacy and safety of insulin glulisine in comparison with RHI in

patients with type 2 diabetes have been explored in a multicentre,

randomised, 26-week clinical trial.19 All patients – who were on insulin

therapy for six months before inclusion in the study – used twice-daily

Figure 1: Molecular Structure of Insulin Glulisine
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Insulin glulisine differs from endogenous human insulin by only two amino acid substitutions – asparagine in position B3 replaced with lysine, and lysine at position B29 replaced with glutamic
acid. These two B-chain substitutions reduce dimer and hexamer formation and retain monomers, favouring a more rapid absorption compared with regular human insulin (RHI).

Figure 2: Effect of Insulin Glulisine in Obese 
Non-diabetic Subjects
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Pharmacodynamic (PD) profiles following subcutaneous (SC) injection of 0.3Ukg-1 of insulin
glulisine, insulin lispro or RHI in the abdominal area. Insulin glulisine maintains its rapid-acting
properties more consistently in obese non-diabetic individuals (body mass index (BMI) range
30–40kg/m2) compared with insulin lispro and RHI, which show a shift to the right in their
time–action profiles. 

ampudia.qxp  22/2/08  4:34 pm  Page 25



26 E U R O P E A N  E N D O C R I N E  D I S E A S E  2 0 0 7

Insulin Therapy

NPH insulin as basal insulin during the trial. Insulin glulisine and RHI

were administered at least twice daily before breakfast and dinner,

allowing immediate self-mixing with NPH when injecting with a

syringe. Insulin glulisine was administered 0–15 minutes before

breakfast and dinner, whereas regular insulin was administered 30–45

minutes before. Finally, 58% of the patients also used oral

hypoglycaemic agents (OHAs) before and during the study. At the end

of the trial, insulin glulisine achieved a significantly greater reduction of

HbA1c compared with RHI (-0.46 versus 0.30%; p<0.05), although this

difference was also evident from week 12 onwards. Furthermore,

patients in the insulin glulisine group reported consistently lower 

blood glucose values two hours after breakfast (156mg/dl 

versus 162mg/dl; p<0.05) and two hours after dinner (154mg/dl versus

163mg/dl; p<0.05) compared with those in the RHI group. To my

knowledge, this is the first reported study in subjects with type 2

diabetes in which an SAIA demonstrates significant HbA1c reductions

with respect to RHI. However, as the authors stated in the discussion,

the small difference in HbA1c between groups is of unclear significance.

Basal–Bolus Therapy with Insulin Glulisine in 

Clinical Practice

In Type 1 Diabetes

After the Diabetes Control and Complications Trial (DCCT), there is no

doubt that intensive insulin therapy (also known as basal–bolus

therapy) is the first-line treatment for patients with type 1 diabetes.

Intensive insulin therapy implicates self-administration of insulin based

on frequent home blood glucose monitoring (HBGM). To gain more

flexibility, subjects with type 1 diabetes learn to calculate insulin doses

according to the carbohydrate content of the meal, pre-meal glucose

values and the programmed activity after the meal. Additionally,

target glucose values before and after meals should be set individually

because of different lifestyles. 

A basal–bolus strategy can be implemented only with MDI or CSII.

SAIAs (lispro, aspart, glulisine) are preferred as prandial insulin by 

most patients (and physicians) because they can be injected just 

before meals or even after the meal. RHI should be injected 30–45

minutes prior to meals to prevent extended post-prandial hyper-

glycaemia. However, the majority of patients do not follow this

recommendation,20 which causes peak concentrations of insulin to

occur later, putting patients at risk of late hypoglycaemia and

necessitating defensive snacking to avoid hypoglycaemia.

Insulin lispro, insulin aspart and insulin glulisine have similar PK/PD

properties.21–24 In general, administration of SAIAs results in higher insulin

concentration achieved in half the time compared with RHI.25 SAIAs

reduce the post-prandial glycaemic excursions and diminish the incidence

of late hypoglycaemia more effectively than RHI.25 In combination with

intermediate basal insulin (NPH or ultralente insulin), SAIAs were able to

reduce two-hour post-prandial blood glucose levels and the frequency of

hypoglycaemia (overall and nocturnal) in comparison with RHI,26–28 but

not to translate these advantages in reduction of HbA1c. Before the

introduction of LAIAs, SAIAs were more effective than RHI only with CSII

or with complicated basal strategies using as many as four injections of

NPH insulin.29 Recently, it has been demonstrated that SAIAs in

combination with LAIAs (glargine at dinner or bedtime) are more

effective in reducing HbA1c than in combination with NPH insulin four

times a day.30 Additionally, a basal–bolus therapy with SAIA in

combination with LAIA is associated with less glycaemic variability and

less risk of hypoglycaemia than with NPH insulin.31

In clinical trials insulin glulisine has demonstrated that it is as effective as

insulin lispro and more effective than RHI in combination with insulin

glargine in MDI therapy. Also, the safety and efficacy of insulin glulisine

and insulin aspart were similar under CSII therapy. Recent observational

data suggest that, in patients suboptimally controlled with other prandial

insulins, initiation and optimisation of insulin glulisine in combination

with insulin glargine will reduce HbA1c in the follow-up.32

To achieve maximal efficacy, insulin glulisine should be administered

shortly before meals following the same principles of intensive insulin

therapy. However, it has been shown that insulin glulisine may also be

injected after meals, as has been demonstrated for other SAIAs. This

advantage may be of particular value in patient groups including older

patients at risk of hypoglycaemia, children or patients hospitalised due

to unpredictable eating habits. 

In Type 2 Diabetes

Insulin therapy is not usually the first-line therapeutic option in patients

with type 2 diabetes. Many patients are treated initially and well

maintained with diet and exercise in combination with one or two OHAs.

However, as disease progresses due to steady decline in β-cell function,

insulin therapy is required to achieve and maintain appropriate glycaemic

control. Although different strategies are possible to initiate insulin

therapy, the addition of basal insulin to previous OHA therapy is the

simplest regimen to begin with.33,34 Nevertheless, as patients get closer to

target HbA1c (6.5–7.0%), post-prandial hyperglycaemia seems to

contribute more to overall glycaemic control, making the addition of

mealtime (prandial) insulin even more important.35

Therefore, the addition of prandial insulin to improve long-term

glycaemic control is needed for an increasing proportion of patients with

type 2 disease. Many patients are transferred to twice-daily (or even

three-times-daily) pre-mixed insulin, in part because these formulations

eliminate the need for patients to mix their own insulins. In recent years,

several pre-mixed insulin formulations with SAIA (25% lispro/75%

neutral protamine lispro (NPL), 50% lispro/50% NPL, aspart 30%/neutral

protamine aspart (NPA) 70%), offering better post-prandial glycaemic

control, have come into the market, displacing traditional pre-mixed

insulin preparations with RHI,36 which are becoming less readily

availabile. However, pre-mixed insulin formulations provide only limited

flexibility for specific insulin adjustments as the dose of one insulin cannot

be altered without altering the other, limiting the ability to offer optimum

glycaemic control.37

Therefore, new strategies, including basal–bolus therapy, are currently

being tested in patients with type 2 diabetes. The addition of

increasing prandial insulin injections to cover main meals will be an

acceptable alternative for many patients (basal plus strategy). This

approach is the logical step forwards after failure of basal insulin in

combination with OHA and may facilitate the intensification of insulin

therapy in selected patients.38 When prandial insulin is introduced, it is

recommended that secretagogues are stopped (sulphonylureas or

glinides).39 Recently, a basal–bolus regimen including insulin glulisine

as prandial insulin three times a day and insulin glargine as basal

ampudia.qxp  22/2/08  4:35 pm  Page 26



27E U R O P E A N  E N D O C R I N E  D I S E A S E  2 0 0 7

Potential Advantages of a Basal–Bolus Regimen Using Insulin Glulisine as Prandial Insulin

insulin was very effective in reducing HbA1c in obese patients with type

2 diabetes.40

It is well known that the majority of patients with type 2 diabetes are

obese or overweight. In fact, obesity is a risk factor for type 2 diabetes,

with 57% of cases being directly attributed to obesity.41 Obesity and the

thickness of the subcutaneous fat layer are also being recognised as

important key factors that influence the absorption of insulin. While

LAIAs have been extensively studied in type 2 patients, SAIAs are far less

well characterised in these subjects, particularly those who are obese.

Preliminary data suggest that insulin absorption is retarded in 

obese subjects with type 2 diabetes. An explorative study in obese

subjects without diabetes that compared PK/PD properties of RHI, insulin

lispro and insulin glulisine suggests that only insulin glulisine may

maintain its short-acting properties irrespective of increased SC thickness

or BMI associated with obesity.13 Although further studies are necessary

to confirm this observation, these data may confer some advantages to

insulin glulisine as an SAIA in obese subjects with type 2 diabetes.

Conclusions

Basal–bolus therapy is necessary in patients with type 1 diabetes and will

also be required in many patients with type 2 diabetes to achieve and

maintain HbA1c at treatment goals. Basal–bolus therapy consists of a

combination of SAIAs and LAIAs that act as a substitute for physiological

insulin secretion. Insulin glulisine, the latest SAIA coming into the market,

has been synthesised by recombinant DNA technology, substituting two

amino acids of the B chain of human insulin, and has been formulated

without zinc. As an SAIA, insulin glulisine has a more rapid absorption and

shorter duration of action than RHI, and PK/PD profiles comparable with

insulin lispro. It can also be injected just prior to meals. In addition, insulin

glulisine appears to have a more consistent rapid time–action profile

compared with insulin lispro in obese subjects. Insulin glulisine is well

tolerated and can be used safely in adult patients with type 1 or type 2

diabetes. In patients under CSII therapy, insulin glulisine has been shown to

be as safe and effective as insulin aspart. In summary, insulin glulisine is a

new SAIA with a unique formulation indicated to be used as prandial insulin

in basal–bolus regimens in patients with type 1 and type 2 diabetes. ■

1. The Diabetes Control and Complications Trial Research Group.
The effect of intensive treatment of diabetes on the
development and progression of long-term complications in
insulin-dependent diabetes mellitus, N Engl J Med, 1993;329:
977–86.

2. Reichard P, Nilsson BY, Rosenqvist U, The effect of long-term
intensified insulin treatment on the development of
microvascular complications of diabetes mellitus, N Engl J Med,
1993;329:304–9.

3. Ohkubo Y, Kishikawa H, Araki E, et al., Intensive insulin therapy
prevents the progression of diabetic microvascular
complications in Japanese patients with non-insulin-dependent
diabetes mellitus: a randomised prospective six-year study,
Diabetes Res Clin Pract, 1995;28:103–17.

4. Nathan DM, Cleary PA, Backlund JY, et al., Intensive diabetes
treatment and cardiovascular disease in patients with type 1
diabetes, N Engl J Med, 2005;353:2643–53.

5. Bolli GB, The benefits of insulin analogues in intensive
treatment of type 1 diabetes mellitus, Av Diabetol,
2007;23:326–32.

6. Becker RHA, Insulin glulisine complementing basal insulins: a
review of structure and activity, Diabetes Technol Ther,
2007;9:109–21.

7. Becker RHA, Frick A, Wessels D, Scholtz G, Pharmacodynamics
and pharmacokinetics of a new, rapidly-acting insulin analog,
insulin glulisine, Diabetes, 2003;52 (Suppl.1):A110.

8. Frick A, Becker R, Wessels D, Scholtz G, Pharmacokinetics and
glucodynamic profiles of insulin glulisine following
subcutaneous administration at various injection sites, Diabetes,
2003;52:A118.

9. Jaros M, Martinek V, Piechatzek R, et al., Pharmacokinetics of
insulin glulisine in non-diabetic renally impaired patients,
Diabetes, 2004;53:A321.

10. Rave K, Nosek L, Heinemann L, et al., Insulin glulisine:
pharmacokinetic and pharmacodynamic properties in
comparison with insulin lispro and regular human insulin in
Japanese and caucasian volunteers, Diabetes, 2004;53:A143.

11. Danne T, Becker RHA, Heise T, et al., Pharmacokinetics,
prandial glucose control, and safety of insulin glulisine in
children and adolescents with type 1 diabetes, Diabetes Care,
2005;28:2100–5.

12. Sindelka G, Heinemann L, Berger M, et al., Effect of insulin
concentration, subcutaneous fat thickness and skin temperature
on subcutaneous insulin absorption in healthy subjects,
Diabetologia, 1994;37:377–80.

13. Becker RHA, Frick AD, Burger F, et al., Insulin glulisine, a new
rapid-acting insulin analogue, displays a rapid time-action
profile in obese non-diabetic subjects, Exp Clin Endocrinol
Diabetes, 2005;113:435–43.

14. Ampudia-Blasco FJ, Girbes J, Sanz J, et al., Regular insulin is as
effective as rapid-acting insulin analogs in combination with
glargine insulin in type 1 diabetic patient, Diabetologia,

2005;48 (Suppl.1):A92.
15. Garg SK, Rosenstock J, Ways K, Optimised basal-bolus insulin

regimens in type 1 diabetes: insulin glulisine versus regular
human insulin in combination with basal insulin glargine,
Endocr Pract, 2005;11:11–17.

16. Dreyer M, Prager R, Robinson A, et al., Efficacy and safety of
insulin glulisine in patients with type 1 diabetes, Horm Metab
Res, 2005;37:702–7.

17. Pickup JC, Is continuous subcutaneous insulin infusion still
needed?, Av Diabetol, 2007;23:167–71.

18. Hoogma RP, Schumicki D, Safety of insulin glulisine when given
by continuous subcutaneous infusion using an external pump in
patients with type 1 diabetes, Horm Metab Res,
2006;38:429–33.

19. Dailey G, Rosenstock J, Moses RG, Ways K, Insulin glulisine
provides improved glycemic control in patients with type 2
diabetes, Diabetes Care, 2004;27:2363–8.

20. Overmann H, Heinemann L, Injection-meal interval:
recommendations of diabetologists and how patients handle it,
Diab Res Clin Pract, 1999;43:137–42.

21. Howey DC, Bowsher RR, Brunelle RL, Woodworth JR, [Lys(B28),
Pro(B29)]-human insulin: a rapidly absorbed analogue of
human insulin, Diabetes, 1994;43:396–402.

22. Mudaliar S, Lindberg FA, Joyce M, et al., Insulin aspart (B28
Asp-insulin): a fast-acting analog of human insulin: absorption
kinetics and action profile compared with regular human insulin
in healthy nondiabetic subjects, Diabetes Care, 1999;22:
1501–6.

23. Homko C, Deluzio A, Jimenez C, et al., Comparison of Insulin
Aspart and Lispro. Pharmacokinetic and metabolic effects,
Diabetes Care, 2003;26:2027–31.

24. Becker RHA, Frick AD, Heise T, Rave K, Pharmacodynamics (PD)
and pharmacokinetics (PK) of insulin glulisine (GLU) versus
insulin lispro (IL) and regular human insulin (RHI) in patients
with type 2 diabetes, Diabetes, 2004;53:503.

25. Hirsch IB, Insulin analogues, N Engl J Med, 2005;352:174–83.
26. Ciofetta M, Lalli C, Del Sindaco P, et al., Contribution of

postprandial versus interprandial blood glucose to HbA1c in
type 1 diabetes on physiologic intensive therapy with lispro
insulin at mealtime, Diabetes Care, 1999;22:795–800.

27. Raskin P, Guthrie RA, Leiter L, et al., Use of insulin aspart, a
fast-acting insulin analog, as the mealtime insulin in the
management of patients with type 1 diabetes, Diabetes Care,
2000;23:583–8.

28. Home PD, Lindholm A, Riis A, European Insulin Aspart Study
Group. Insulin aspart vs. human insulin in the management of
long-term blood glucose control in Type 1 diabetes mellitus: a
randomized controlled trial, Diabet Med, 2000;17:762–70.

29. Lalli C, Ciofetta M, Del Sindaco P, et al., Long-term intensive
treatment of type 1 diabetes with the short-acting insulin
analog lispro in variable combination with NPH insulin at
mealtime, Diabetes Care, 1999;22:468–77.

30. Rossetti P, Pampanelli S, Fanelli C, et al., Intensive replacement
of basal insulin in patients with type 1 diabetes given rapid-
acting insulin analog at mealtime: a 3-month comparison
between administration of NPH insulin four times daily and
glargine insulin at dinner or bedtime, Diabetes Care, 2003;26:
1490–96.

31. Vague P, Selam JL, Skeie S, et al., Insulin detemir is associated
with more predictable glycemic control and reduced risk of
hypoglycemia than NPH insulin in patients with type 1 diabetes
on a basal-bolus regimen with premeal insulin aspart, Diabetes
Care, 2003;26:590–96.

32. Ruhnau KJ, Introduction of insulin glulisine in combination with
insulin glargine to basal-bolus therapy improves metabolic
control in patients with type 1 diabetes in everyday clinical
practice, Diabetes, 2006;55:A2073.

33. Riddle MC, Rosenstock J, Gerich J, on behalf of the Insulin
Glargine 4002 Study investigators. The Treat-to-Target Trial:
Randomized addition of glargine or human NPH insulin to oral
therapy of type 2 diabetic patients, Diabetes Care, 2003;26:
3080–86.

34. Hermansen K, Davies M, Derenzinski T, et al., A 26-week,
randomized, parallel, treat-to-target trial comparing insulin
detemir with NPH insulin as add-on therapy to oral glucose-
lowering drugs in insulin-naïve people with type 2 diabetes,
Diabetes Care, 2006;29:1269–74.

35. Monnier L, Lapinski H, Colette C, Contributions of fasting and
postprandial plasma glucose increments to the overall diurnal
hyperglycemia of type 2 diabetic patients: variations with
increasing levels of HbA(1c), Diabetes Care, 2003;26:881–5.

36. Boehm BO, Home PD, Behrend C, et al., Premixed insulin
aspart 30 vs. premixed human insulin 30/70 twice daily: a
randomized trial in Type 1 and Type 2 diabetic patients, Diabet
Med, 2002;19:393–9.

37. Rosenstock J, Insulin therapy: optimizing control in type 1 and
type 2 diabetes, Clin Cornerstone, 2001;4:50–64.

38. Riddle MC, Making the transition from oral to insulin therapy,
Am J Med, 2005;118(5A):14S–20S.

39. Nathan DM, Buse JB, Davidson MB, et al., Management of
hyperglycemia in type 2 diabetes: a consensus algorithm for the
initiation and adjustment of therapy. A consensus statement
from the American Diabetes Association and the European
Association for the Study of Diabetes, Diabetes Care,
2006;29:1963–72.

40. Bergenstal RN, Johnson MJ, Powers MA, et al., Using a simple
algorithm (ALG) to adjust mealtime glulisine (GLU) based on
pre-prandial glucose patterns is a safe and effective alternative
to carbohydrate counting (carb count) alternative to
carbohydrate counting (carb count), Diabetes, 2006;55:444–P.

41. Wolf AM, Colditz GA, Current estimates of the economic cost
of obesity in the United States, Obes Res, 1998;6:97–106.

ampudia.qxp  22/2/08  4:35 pm  Page 27




