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Aim: This trial evaluated the potential for improving glycaemic control by intensifying a conventional twice-daily

therapy with premixed human insulin (HI) to a thrice-daily regimen using premixed formulations of biphasic insulin

aspart (BIAsp) in patients with type 1 or type 2 diabetes.

Methods: This was a multicentre, open-label, parallel group trial. After a 4-week run-in period, patients were

randomized 1 : 1 to 16 weeks of treatment. A total of 748 patients were screened, 664 were exposed to trial drug and

604 completed the trial.

Results: Haemoglobin A1c, the primary efficacy endpoint, was shown to be significantly lower for the BIAsp

treatment group compared with the biphasic HI (BHI) 30 group [estimated mean difference: �0.32, 95% confidence

interval (CI) (�0.48; �0.16), p ¼ 0.0001]. The average blood glucose level was significantly lower in the BIAsp

group [estimated mean difference: �0.79, 95% CI (�1.17; �0.40), p ¼ 0.0001]. There were few major hypoglycaemic

episodes, 11 in the BIAsp group and 7 in the BHI 30 group. Although intensification of insulin therapy with BIAsp

three times a day was associated with a higher risk of minor hypoglycaemia (relative risk ¼ 1.58, p ¼ 0.0038), the

overall rate of minor hypoglycaemia remained low with both the BIAsp and the BHI treatments (13.1 vs. 8.3

episodes/patient year respectively). Overall safety and patient satisfaction were similar with the two insulin therapies.

Conclusions: This trial confirmed that a thrice-daily BIAsp regimen can safely be used to intensify treatment for

patients inadequately controlled on twice-daily BHI. A treat-to-target trial is required to explore the full potential of the

BIAsp regimens and evaluate their use as a viable alternative to intensification with a basal-bolus regimen.
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Introduction

Biphasic human insulin (BHI) injected twicedaily (before

breakfast and dinner) has for many years been a preferred

treatment regimen for patients with type 2 diabetes

requiring insulin treatment and has been extensively

used for patients with type 1 diabetes. This relatively

simple regimen provides a fairly good overall blood
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glucose (BG) control for many patients. The insulin pro-

file resulting from this regimen does, however, differ sub-

stantially from the normal endogenous insulin response

profile of healthy people. Two major issues with the

twice-daily BHI regimen are the relatively slowpostinjec-

tion absorption from the subcutis and the fact that no

insulin is injected before lunch. BHI injection results in

unphysiologically high insulin levels in the hours after

a meal, which limits the possible dose due to increasing

risk of postprandial hypoglycaemia [1]. The peak level of

insulin in blood will therefore always be relatively

reduced and delayed with BHI compared with a healthy

endogenous insulin profile. BHI is usually recommended

to be injected 30 min before a meal to compensate for its

slow absorption [2], although patients often choose

a shorter injection–meal interval [3,4], exacerbating the

inadequate pharmacokinetics of BHI.

Biphasic insulin aspart (BIAsp) is a premix of the

rapid-acting insulin analogue, insulin aspart (IAsp), and

intermediate-acting, protamine co-crystallized IAsp. The

soluble IAsp fraction has been shown to provide a more

physiological insulin profile with a faster onset of action

anda sharper insulinpeak than that of human insulin (HI)

[5,6]. In addition, the intermediate-acting, protaminated

IAsp fraction of BIAsp will cover between-meal basal

insulin needs. BIAsp is available in three ratios; BIAsp

30, BIAsp 50 and BIAsp 70 (the index number represents

the percentage of rapid-acting IAsp in the premix).

Thrice-daily dosingwith a suitable combination of BIAsp

products couldpotentially provide an insulinprofile very

close to the endogenous insulin profile of a healthy per-

son. Furthermore, the sharper insulinpeakof IAsp should

allow for increased mealtime insulin dosing without

increasing the risk of postprandial hypoglycaemia. Thus,

intensification from a twice-daily BHI regimen to thrice-

daily BIAsp may offer an alternative to intensification

with a traditional basal-bolus treatment regimen, which

requires at least four daily injections.

This article presents the results froma large therapeutic

trial that compared glycaemic control of a thrice-daily

BIAsp treatment regimen and a twice-daily BHI 30 treat-

ment regimen in patients with type 1 or type 2 diabetes.

The primary endpoint was glycaemic control evaluated

on the basis of haemoglobin A1c (HbA1c) after 16weeks of

treatment.

Methods

Patients

The trial included patients with type 1 or type 2 diabetes

diagnosed according to the 1985 World Health Organiza-

tion (WHO) classification [7]. The ratio of type 1 and type

2 diabetes patients included in the trial was similar to the

ratio found in the general population of patients with

diabetes.

Patients were recruited from the individual investiga-

tor’s clinical practice and were randomized using a tele-

phone randomization system [Intelligent Voice Response

System (IVRS)]. The investigator called the IVRS and

entered patient number and key patient information and

the system assigned the treatment for that patient accord-

ing to a predefined randomization list. IVRS took into

account block randomization within centres.

The trial included men or women at least 18 years old,

who at trial entry had been treated with HI twice daily for

at least 3 months with or without combination with oral

hypoglycaemic agents. The selection criteria did not

specify a lower or upper limit of HbA1c.

Patients were not included if any of the following

criteria were present: (i) a body mass index (BMI) > 40.0

kg/m2; (ii) total daily insulin dose of �1.80 IU/kg; (iii)

a history of drug or alcohol dependence; (iv) impaired

hepatic (alanine aminotransferase or alkaline phospha-

tase �2 times the upper reference level) or renal (serum

creatinine �150 mmol/l) function; (v) cardiac disease; (vi)

proliferative retinopathy; (vii) pregnancy, breast feeding

and the intention to become pregnant; (viii) known or

suspected allergy against soluble HI, IAsp or any com-

ponent of the biphasic mixtures; (ix) mental incapacity,

unwillingness or language barriers precluding adequate

understanding or co-operation; (x) any disease or condi-

tion which may interfere with the validity of the trial; (xi)

receipt of any investigational drug at the time of inclu-

sion in the trial; (xii) a diet containing more or less than

three main meals (breakfast, lunch and dinner) per day.

Patients were recruited from 69 trial sites in the follow-

ing five European countries: 28 in the UK, 3 in Ireland,

6 in Belgium, 21 in France and 11 in the Netherlands. A

total of 748 patients were screened, 667were randomized

and 664 were exposed to trial drug. A summary of

patients’ demographic and baseline diabetic characteris-

tics is presented in table 1. The mean HbA1c level at

baseline was 8.7%, indicating that the enrolled patients

were generally suboptimally controlled.

Trial Design

This was a multinational, open-label, parallel group trial

investigating the efficacy and safety of thrice-daily BIAsp

comparedwith twice-daily BHI 30 in patients with type 1

or type 2 diabetes. The trial was open-label because a

double-dummy design would have required patients to

take an unacceptably high number of placebo injections.
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Following a run-in period of 4weeks, the patients were

randomized to 16 weeks of treatment on a 1 : 1 basis. An

overview of the trial design is given in figure 1.

Oral hypoglycaemic agents were discontinued upon

entering the trial. During the 4-week run-in period, all

patients were treated with BHI 30 twice daily (injected

30 min before breakfast and dinner) at the doses used

before run-in period (pretrial treatment could include

BHI of any ratio).

After the run-in period, patients randomized to the BHI

group initiated the trial treatment using the same insulin

doses as those at the end of the run-in period.

Patients randomized to the BIAsp groupwere allocated

according to their BMI to a thrice-daily treatment regimen

with BIAsp 50 (BMI > 30 kg/m2) or BIAsp 70 (BMI � 30

kg/m2). This allocation according to BMI was based on

results from internal Novo Nordisk pharmacokinetic

modelling (using normal insulin profiles from Polonsky

et al. [8]). Patients randomized to BIAsp treatment were

switched to BIAsp 30 predinner if their morning fasting

BG level at weeks 2, 4 or 6 was above 8 mmol/l, to

improve overnight glycaemic control [9].

No dose-titration algorithm was used in this trial

because a treat-to-target trial design was not the conven-

tion when the trial was initiated. Rather the trial was

meant to reflect a typical clinical setting. For all patients,

the target for BG control was a fasting, preprandial and

postprandial (self-measured) BG value in the range 5–8

mmol/l. All patients were informed about the target for

glycaemic control and were allowed to adjust their insu-

lin dose throughout the trial to reach this target.

BIAsp treatment was initiatedwith a total daily insulin

dose 10% greater than the total daily dose of BHI 30 used

at the endof the run-inperiod. Thiswas to compensate for

the more rapid absorption and shorter duration of action

of BIAsp compared with BHI [10], as well as the fact that

dosing would be distributed over three rather than two

meals (initial dose distribution was 40 : 30 : 40; breakfast,

lunch and dinner respectively). Starting with the slightly

higher insulin dose in the BIAsp regimen allowed

patients to quickly reach a more optimal dosing level.

Patients were instructed to inject BIAsp immediately

(within 5 min) before meals.

The trialwasperformed inaccordancewith theDeclara-

tion of Helsinki and Good Clinical Practice guidelines

[11,12].

Outcome Measures

The primary endpoint was glycaemic control evaluated

on the basis of HbA1c after 16 weeks of treatment with

a thrice-daily BIAsp regimen or a conventional twice-

daily BHI 30 regimen. Blood samples were taken at

baseline, and after 8 and 16 weeks of treatment. HbA1c

was measured by a central laboratory certified by the

National Standardization Program (NGSP) [13] (using

Bio-Rad Variant high performance liquid chromatogra-

phy), and the results were transferred electronically to

the data management department at Novo Nordisk A/S.

The secondary objectives were to assess safety [hypo-

glycaemic episodes, adverse events (AEs), haematology

and biochemistry] and additional efficacy endpoints

based on BG profiles (average of whole BG profile at each

Fig. 1 Overview of the trial design.

Details regarding the treatment

regimens are given in the text. BHI,

biphasic human insulin; BIAsp,

biphasic insulin aspart.

Table 1 Summary of key baseline demographic and diabetic

characteristics

Biphasic insulin

aspart

Biphasic human

insulin 30

Patients exposed, total N (%) 335 (50) 329 (50)

Type 1 diabetes, N (%) 88 (13) 98 (15)

Type 2 diabetes, N (%) 247 (37) 231 (35)

Sex

Men/women 183/152 179/150

Age (years)

Mean (s.d.) 56.5 (12.8) 57.0 (13.0)

Ethnic origin

Caucasian/white 322 318

Other 13 11

Body mass index (kg/m2)

Mean (s.d.) 28.7 (4.5) 28.8 (4.6)

Duration of diabetes (years)

Mean (s.d.) 13.8 (9.7) 13.0 (8.8)

Haemoglobin A1c (%)

Mean (s.d.) 8.7 (1.4) 8.8 (1.4)
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visit and average prandial increment). Furthermore, the

patients completed two quality-of-life questionnaires at

week �4 (baseline) and after 12 and 16 weeks of treat-

ment: The WHO Diabetes Treatment Satisfaction Ques-

tionnaire (WHO DTSQ) [14] and the Diabetes Health

Profile (DHP) [15,16].

Hypoglycaemic episodes were defined as ‘major’

(patients unable to treat themselves), ‘minor’ [BG mea-

surement <2.8 mmol/l (50 mg/dl), with or without

symptoms] or ‘symptoms only’ (symptomatic but not con-

firmed by BG measurement).

An AE was defined as ‘any undesirable medical event

occurring to a subject in the trial, whether or not consid-

ered related to the trial products’. AEs were classified as

‘serious’ if they resulted in death, a life-threatening expe-

rience, patient hospitalization or prolongation of existing

hospitalization and a persistent or significant disability/

incapacity.

At the start of the run-in period (week �4), patients

were given a BG meter (OneTouch Profile, LifeScan

Milpitas, CA, USA) and instructions on its use and cali-

bration. Patients were instructed to self-monitor morning

fasting BG and to record date, time and value of these

tests in a diary which was reviewed at all subsequent

visits. In addition, patients were encouraged to perform

daily BG measurements throughout the trial and when

suspecting hypoglycaemia. During the week before each

visit, the patients recorded a 7- or 8-point BG profile

by measuring BG (i) before each meal, (ii) 90 min after

the start of each meal, (iii) at bedtime and (iv) at 02:00

hours (weeks 0 and 16).

Statistical Analyses

The trial was powered to detect a difference of 0.23%

units HbA1c, with a probability of more than 90%. The

results of the Diabetes Control and Complications Trial

(DCCT) [17] suggest that a sustained reduction of 0.23%

HbA1c could potentially translate to a 10% reduction in

late diabetic complications, which is considered clini-

cally relevant. A total of 660 patients were recruited to

allow for an approximate 10% drop-out rate.

The primary and secondary efficacy endpoints were

analysed using analysis of variance (ANOVA) models,

with treatment as a fixed effect and adjustment for base-

line (done by including baseline HbA1c as a covariate).

Adjustment for country and treatment-by-country

effects is not included in the presented analyses but

were investigated in separate analyses and found not to

affect any conclusions. All statistical tests were two

sided, with a significance level of 5%. The assessment

of data was blinded.

Rates of hypoglycaemic episodes were analysed using

a generalized linear Poisson regressionmodel accounting

for overdispersion and including exposure time as an off-

set. This analysis was based on the number of episodes

per patient year of exposure. The relative risk (RR) of noc-

turnal (24:00–06:00 hours) hypoglycaemic episodes was

estimated using a Mantel–Haenszel method [18], as the

number of episodeswas expected to be low. This analysis

was based on the number of patients experiencing at least

one nocturnal episode during treatment.

Analysis ofmetabolic control vs. risk of hypoglycaemia

was performed by evaluating the rate by treatment inter-

action estimated by an ANOVA model including baseline

HbA1c, classified rate of hypoglycaemia (including all hypo-

glycaemic episodes) and the corresponding interaction.

AEs other than hypoglycaemic episodes were listed

and evaluated, but difference between treatment regi-

mens was not tested statistically.

The efficacy analyses and the analyses of the quality-of-

life questionnaires were based on the intention-to-treat

(ITT) population, which included all patients who were

exposed to trial drug and had efficacy data available. The

safety evaluation included all patients exposed to trial

drug.

The trial was only powered to look at the combined

population of patients with type 1 or type 2 diabetes,

and analyses of the diabetic subgroups are therefore not

presented.

Results

Patients

Of the 664 patients exposed to trial drugs, 60 patients

withdrew during the trial and 604 completed the trial.

After trial completion, 48 patients were excluded due to

failure to meet at least one of the inclusion criteria for the

per protocol population. An overview of patient disposi-

tion is given in figure 2, and details of patient with-

drawals are shown in table 2.

Any previous diabetic complications were recorded

and did not appear to differ between the BIAsp and the

BHI groups, either for the overall group or when split

according to type of diabetes (data not presented).

The total daily insulin dose after 16 weeks of treatment

was slightly higher for subjects treated with BIAsp com-

pared with that for those treated with BHI 30, reflecting

the 10% higher dose recommended at initiation of BIAsp

treatment (table 3). The development in total daily insu-

lin dose was similar in the two treatment groups after 2

weeks, stabilizing in both treatment groups after 6 weeks

(figure 3).
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The majority of patients in the BIAsp group were

switched toBIAsp30 as the evening therapy because their

morning fasting BG level was above 8.0 mmol/l after 2, 4

or 6 weeks of treatment (as described in Methods). Of the

331 patients in the ITT population randomized to the

BIAsp arm (figure 2), 114 patients received BIAsp 50

and 217 patients received BIAsp 70. Within these sub-

populations, 82 and 168 patients, respectively, required

BIAsp 30 as their evening treatment.

HbA1c

The analysis of the primary efficacy endpoint, HbA1c

after 16 weeks, showed superior glycaemic control for

BIAsp (mean � s.e.m.: 8.35 � 0.06%; N ¼ 296) com-

pared with BHI 30 treatment (8.67 � 0.06%; N ¼ 291);

estimated treatment difference {BIAsp � BHI 30, mean

[95% confidence interval (CI)]}: �0.32; p ¼ 0.0001.

Figure 4 shows the HbA1c level in the two treat-

ment groups at baseline, and after 8 and 16 weeks of

treatment.

Blood Glucose Profiles

After 16 weeks of treatment, the mean BG level was gen-

erally lower for theBIAspgroupcomparedwith that of the

BHI 30 group, except at 02:00 hours and before breakfast

(figure 5).

Fig. 2 Patient disposition. Numbers refer to number of

patients with diabetes [total (type 1/type 2)]. BHI, biphasic

human insulin; BIAsp, biphasic insulin aspart; ITT,

intention –to treat; PP, per protocol.

Table 2 Overview of patient withdrawals

Biphasic

insulin aspart

Biphasic human

insulin 30 Combined

Exposed 335 (100%) 329 (100%) 664 (100%)

Withdrawals

Adverse event 10 (3.0%) 8 (2.4%) 18 (2.7%)

Ineffective therapy 7 (2.1%) 10 (3.0%) 17 (2.6%)

Non-compliance

with protocol

4 (1.2%) 3 (0.9%) 7 (1.1%)

Other 12 (3.6%) 6 (1.8%) 18 (2.7%)

Total 33 (9.9%) 27 (8.2%) 60 (9.0%)

Efficacy population

Intention to treat 331 (98.8%) 326 (99.1%)

Table 3 Total insulin doses after 2 and 16weeks of treatment

Biphasic insulin

aspart* (U/kg)

Biphasic human

insulin 30 (IU/kg)

N Mean (s.d.) N Mean (s.d.)

Week 2y 331 0.80 (0.31) 324 0.70 (0.28)

Week 16 300 0.87 (0.39) 302 0.76 (0.31)

*All BIAsp patients.

yFirst recorded dose of trial products.

Fig. 3 Total daily dose of insulin (mean � 2�s.e.m.). For

both treatment groups, the insulin dose at baseline (week

0) represents the dosing with BHI in the run-in period.

BHI, biphasic human insulin; BIAsp, biphasic insulin

aspart.
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Average BG level (based on the 8-point BG profile) was

significantly lower in the BIAsp group compared with

that of the BHI 30 group [estimated mean difference:

�0.79 (�1.17; �0.40), p ¼ 0.0001].

At the end of the trial, the average (daily) prandial BG

increment was lower for the BIAsp comparedwith that of

the BHI group [estimated mean difference: �1.87 (�2.24;

�1.49), p < 0.0001]. This difference was prominent

immediately after initiating BIAsp treatment and was

maintained throughout the trial (data not shown).

Hypoglycaemic Episodes

Very few major hypoglycaemic episodes were reported,

and the numbers were similar for the BIAsp and BHI 30

treatment groups (table 4). The risk of experiencing any

hypoglycaemic episode was significantly higher in the

more intensively treated BIAsp group than that in the

BHI 30 group (table 5).

A post hoc exploratory analysis showed that the risk

of a patient having at least one hypoglycaemic episode

at night (24:00–06:00 hours) was lower with the BIAsp

treatment [RR, any episode (BIAsp/BHI 30) ¼ 0.7, CI ¼
(0.56; 0.95); p ¼ 0.0186. RR, minor episode (BIAsp/BHI

30) ¼ 0.7, CI ¼ (0.50; 1.04); p ¼ 0.0813).

Metabolic Control Vs. Risk of Hypoglycaemia

In an exploratory analysis, the mean rate of all hypogly-

caemic episodes was found to affect HbA1c (p ¼ 0.0037),

but no interaction with treatment was found (p ¼
0.6205), indicating that this relationship did not differ

between the two treatment groups.

Adverse Events

A total of three deaths was reported. A 52-year-old man

died of cardiac arrest after 101 days of treatment with

BHI 30. A 54-year-oldman died 19 days after completing

treatment with BIAsp. A 69-year-old woman died of

a malignant lymphoma after 30 days of treatment with

BIAsp.All three caseswere considered to be unrelated to

trial products.

Other serious AEs (SAEs) were uncommon and spo-

radic with both treatments. For patients with type 1 dia-

betes, none of the SAEs (four in the BIAsp group and

seven in the BHI group) were reported more than once

within a treatment group. For patients with type 2 diabe-

tes, the only SAEs reported bymore than one patientwere

myocardial infarction (three patients in the BIAsp group

and two patients in the BHI 30 group) and chest pain (two

patients in the BIAsp group).

The most common AEs (reported by more than 5% of

patients) are listed in table 6. Most were mild or moder-

ate, non-serious and judged unlikely to be related to trial

medication. The overall AE profile appeared similar for

both treatments and included no unexpected findings.

Haematology and Biochemistry

Of the haematology and biochemistry parameters

(haemoglobin, leucocytes, thrombocytes, creatinine,

sodium, potassium, total protein, alkaline phosphate,

alanine aminotransferase and lactate dehydrogenase),

only plasma sodium indicated a minor increase from

baseline for BIAsp compared with BHI treatment [mean

Fig. 4 Mean haemoglobin A1c (�2�s.e.m.) at 0, 8 and 16

weeks. The symbol ‘*’ indicates p ¼ 0.0001. The potential

difference between treatment regimens was only evaluated

statistically at week 16.

Fig. 5 Mean (�2�s.e.m.) 8-point blood glucose profiles after

16 weeks of treatment. The symbol ‘*’ indicates p< 0.0001.

B, breakfast; BHI, biphasic human insulin; BIAsp, biphasic

insulin aspart; D, dinner; L, lunch; þ90, 90 min after the

meal (a sample at mealtime was taken immediately before

the meal).
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(BIAsp � BHI 30) ¼ 0.6; 95% CI: (0.1; 1.1)]; however, the

majority of the values were within the normal range.

Quality-of-Life Questionnaires

The following three dimensions were evaluated in the

WHO DTSQ: ‘Hyperglycaemia’, ‘Hypoglycaemia’ and

‘Overall treatment satisfaction’. None of these differed

between the BIAsp and the BHI treatment groups after

16 weeks of treatment (p ¼ 0.239, p ¼ 0.208 and p ¼
0.188 respectively). Similarly, none of the three DHP

dimensions evaluated, ‘Barriers to activity’, ‘Disinhibited

eating’ and ‘Psychological distress’, were found to differ

between the two treatment groups (p ¼ 0.116, p ¼ 0.794

and p ¼ 0.196 respectively).

Discussion

Thepresent studyevaluated thepotential benefit of inten-

sifying a commonly used twice-daily BHI 30 treatment

regimen to a thrice-daily BIAsp treatment regimen for

patients with diabetes inadequately controlled in their

current treatment. The BIAsp treatment regimen attempts

to provide a tailored treatment that covers both prandial

and basal insulin requirements while still requiring only

three injections per day.

The primary analysis showed that 16 weeks of thrice-

daily BIAsp treatment provided superior glycaemic con-

trol compared with twice-daily BHI 30 treatment [esti-

mated mean difference in HbA1c: �0.32 (�0.48; �0.16),

p ¼ 0.0001], reflecting significantly lower average pran-

dial BG increment and average BG level across the day

with BIAsp treatment. The results of the DCCT [17] sug-

gest that a sustained reduction of 0.23% units HbA1c

could potentially translate to a 10% reduction in late

diabetic complications, a reduction we consider clini-

cally relevant. The end-of-trial HbA1c of 8.35% achieved

by the BIAsp thrice-daily group does not meet the

HbA1c target levels recommended by International Dia-

betes Federation [19] or American Diabetes Association

[20] (<6.5 and <7.0% respectively). However, this trial

was not a treat-to-target trial, hence, there was no forced

titration to reach a specific target. The present study

was not sufficiently powered to allow comparative anal-

ysis between the four BIAsp regimens comprising vari-

ous combinations of BIAsp 30, 50 and 70, and BHI 30

treatment.

The improvedBGcontrolwith theBIAsp treatment reg-

imen is considered the result of several factors. Most

importantly, the rapid-acting IAsp fraction of BIAsp is

more quickly absorbed and results in a sharper and more

physiological insulin peak than is possible with HI [5,6].

This, as well as thrice-daily dosing, allows for a higher

BIAsp dose compared with that in a twice-daily regimen

of BHI 30. Indeed, the increased insulin dose may be

largely responsible for the greater reduction in HbA1c

seen in the BIAsp arm, although the relative con-

tributions of insulin dose, injection frequency and insu-

lin type cannot be determined with the present trial

design. Simply increasing the dose is not a viable option

with BHI 30 because its pharmacokinetics prevent it

being used thrice daily (the ‘tail’ of the intermediate-

acting insulin component would add to the following

injection, resulting in a high risk of hypoglycaemia). It

Table 5 Analysis of hypoglycaemic episodes

BIAsp BHI 30 BIAsp/BHI 30

E T Rate E T Rate RR 95% CI p value

All (major, minor and symptoms only) 2905 97.4 29.83 1958 97.2 20.14 1.48 1.16; 1.89 0.0015

Minor 1272 97.4 13.06 805 97.2 8.281 1.58 1.15; 2.16 0.0038

BHI, biphasic human insulin; BIAsp, biphasic insulin aspart; CI, confidence interval; E, number of episodes; Rate, episodes per year; RR, relative

risk; T, exposure time (years).

Table 4 Hypoglycaemic episodes by classification

Biphasic insulin aspart Biphasic human insulin 30

N (%) E Rate N (%) E Rate

Major 7 (2.1) 11 0.1 5 (1.5) 7 0.1

Minor 182 (54.3) 1272 13.1 149 (45.3) 805 8.3

Symptoms only 223 (66.6) 1622 16.7 172 (52.3) 1146 11.8

E, absolute number of hypoglycaemic episodes; N, number of subjects with hypoglycaemic episodes; %, percentage of subjects exposed in the

given period having hypoglycaemic episodes; Rate, episodes per subject year.
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is worth noting, however, that despite higher dosing,

greater glycaemic control in the BIAsp arm was ach-

ieved without increasing the risk of major postprandial

hypoglycaemia probably because of the more physiolog-

ical insulin profile of thrice-daily BIAsp compared with

that of the conventional twice-daily BHI treatment.

Anevaluationof theBGprofiles indicates that the even-

ing dose of insulinmay not have been optimized with the

BIAsp treatment. A treat-to-target algorithm was not the

convention when this trial was initiated, so patients han-

dled their own dose adjustments, which were not

enforced by study investigators. Thismeans that the level

of BG control achieved in this trial may be reasonably

representative of what may be expected in clinical prac-

tice. Patients may also have been reluctant to increase

their evening dose of BIAsp due to fear of nocturnal hypo-

glycaemia, which, however, was not found to be an issue

during this study. The lower RR of experiencing a noctur-

nal hypoglycaemic episodewithBIAsp seems to supports

the notion that there may have been potential for increas-

ing the evening dose of BIAsp in this trial. A recent trial

[21] evaluated the efficacy and safety of a similar BIAsp

treatment regimen (BIAsp 50 or BIAsp 70 at breakfast and

lunch combinedwith BIAsp 30 in the evening) compared

with a basal-bolus treatment regimen (IAsp before each

meal and NPH at bedtime). In this trial, the evening dose

of BIAsp 30 was set to 50% of the total daily insulin dose

and resulted in similar glycaemic control (HbA1c) to that

in the basal-bolus regimen. Furthermore, the frequency

of both overall and night-time hypoglycaemic episodes

were similar between treatments, further supporting the

view that night-time glycaemic control could have been

better in the present trial if the BIAsp dosing had been

optimized.

Patients randomized to the BIAsp treatment group

were allocated to treatment with BIAsp 50 if they had a

BMI > 30 kg/m2 and to BIAsp 70 if they had a BMI � 30

kg/m2. It was not possible to evaluate the benefit of the

stratification according to BMI with the current trial

design, but this was done in a recent trial that compared

obese and non-obese patients treated with thrice-daily

BIAsp 50 or BIAsp 70 in a crossover trial design [22].

Although differences in pharmacokinetics of BIAsp 50

and BIAsp 70 were shown, they were equally good at

providing the insulin needs of obese or non-obese

patients. It seems likely that individual selection of the

BIAsp premixes is the key to better glycaemic control

for a given patient.

There were very few major hypoglycaemic episodes

during the trial, and the numbers were similar for BIAsp

and BHI 30 (11 and 7 respectively). Overall, the RR of

experiencing any hypoglycaemic episode was higher

with the more intensive BIAsp three times a day regimen

than with BHI 30 twice a day regimen (RR ¼ 1.48, p ¼
0.0015). The largeUKPDSStudy [23] found that intensive

insulin treatment for type 2 diabetes resulted in greater

frequency of hypoglycaemia episodes, so our result is not

totally unexpected. An exploratory analysis found that

for both treatments in the present study, the rate of all

hypoglycaemic episodes was correlated with HbA1c.

No differences were detected between treatments in

any of the dimensions evaluated in the two quality-of-life

questionnaires. While this may indicate that patients did

not consider three instead of two injections to be a prob-

lem, it must also be acknowledged that this could be due

to insufficient statistical power to detect minor differen-

ces in treatment preference.

The overall safety profile of BIAsp 50 andBIAsp 70was

similar to that observed for BHI 30 and was consistent

with that previously observed with IAsp and BIAsp 30.

In conclusion, a thrice-daily BIAsp treatment regimen

tailored to the individual insulin requirementsofapatient

with diabetes is therefore considered an effective and safe

option to achieve tighter glycaemic control. Moreover,

this regimen may delay the need for the conventional,

more intensive basal-bolus treatment intervention.
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and Prof, André Scheen; France – Prof. Jean-Jacques

Altman, Prof. J.M. Brogard, Prof. Jean Caron, Dr Chadenas,

Dr Sylvaine Clavel, Dr Jean-Pierre Courreges, Dr Claude

LeDevehat, Prof.Dubreuil,DrDidierGouet,Dr Jean-Louis

Grenier, Prof. Serge Halimi, Prof. Hélène Hanaire-Broutin,

Table 6 Adverse events reportedbymore than5%ofpatients

Biphasic insulin aspart

Biphasic human

insulin 30

N (%) E N (%) E

Adverse events (total) 218 (65.1) 668 201 (61.1) 565

Headache 54 (16.1) 119 38 (11.6) 81

Upper respiratory

tract infection NOS

49 (14.6) 57 38 (11.6) 43

Pharyngitis 14 (4.2) 17 17 (5.2) 18

Influenza-like illness 23 (6.9) 25 21 (6.4) 24

Cough 20 (6.0) 20 11 (3.3) 12

Diarrhoea NOS 9 (2.7) 9 20 (6.1) 23

E, number of adverse events; N, number of patients with adverse

event; %, percentage of patients having the adverse event in the treat-

ment group.

OA j Improved HbA1c with thrice-daily BIAsp vs. twice-daily BHI 30 M. R. Clements et al.

236 j Diabetes, Obesity and Metabolism, 10, 2008, 229–237 # 2007 Blackwell Publishing Ltd



Dr Helen Mosnier-Pudar, Dr Francis Rio, Dr Rodier, Dr

Philippe Rubin, Dr Ruiz, Prof Schmitt, Prof. C. Thivolet,

Prof. Bruno Verges and Prof Vialettes; Ireland – Prof. T. J.

McKenna and Dr Seamus Sreenan; The Netherlands – Dr

W. Bronsveld, DrM. C.W. Jebbink, Dr J. J. C. Jonker, Dr A.

G. Lieverse, Dr P.M.Netten, Dr S. J. EelkmanRooda, DrN.

K. Valk, Dr L. Verschoor, Dr A. Wester and Dr E. J. K.

Zweers; UK – Dr Stephen Bain, Dr John Burke, Dr David

Collier, Dr Rob Davies, Dr Ken Earle, Dr Barrie Fisher, Dr

StephenGallacher,DrWendyGatling,DrStephenGilbey,

Dr Kevin Hardy, Prof. Edward Hillhouse, Dr Alan Jaap,

Prof. L. Kennedy, Dr Graham Leese, Dr David Levy,

Dr Peter Mansell, Dr John McKnight, Dr Paul McNally,

Dr Joseph O’Hare, Dr David Price, Dr Gerry Rayman, Dr

Anthony Robinson, Dr Derek Sandeman, Prof. John

Tooke, Dr Nicholas Vaughan, Dr Trevor Wheatley and

Dr Philip Wiles. The trial was financially supported by

Novo Nordisk A/S. The authors wish to thank Kenneth

Ostrowski, PhD, who provided medical writing services

on behalf of Novo Nordisk A/S.

References

1 Bergenstal RM. Effective insulin therapy. In: De Fronzo

RA, Ferrannini E, Keen H, Zimmet P eds. International

Textbook of Diabetes Mellitus. Hoboken, NJ, USA: John

Wiley & Sons, Inc., 2004. Available at: http://www.mrw.

interscience.wiley.com/itdm/articles/d0616/frame.html.

2 American Diabetes Association. Insulin administration

(position statement). Diabetes Care 2003; 26: S121–S124.

3 Jorgensen LN, Nielsen FS. Timing of pre-meal insulins

in diabetic patients on a multiple daily injection regi-

men. A questionnaire study. Diabetologia 1990; 33: A116.

4 Heinemann L. Do insulin-treated diabetic patients use

an injection-meal-interval in daily life? Diabet Med

1995; 12: 449–450.

5 Home PD, Barriocanal L, Lindholm A. Comparative

pharmacokinetics and pharmacodynamics of the novel

rapid-acting insulin analogue, insulin aspart, in healthy

volunteers. Eur J Clin Pharmacol 1999; 55: 199–203.

6 Chapman TM, Noble S, Goa KL. Insulin aspart: a

review of its use in the management of type 1 and 2

diabetes mellitus. Drugs 2002; 62: 1945–1981.

7 WHO. Diabetes mellitus: report of a WHO study group.

Geneva, World Health Organ Tech Rep Ser 1985; 727:

1–98.

8 Polonsky KS, Given BD, Van Cauter E. Twenty-four-hour

profiles and pulsatile patterns of insulin secretion in nor-

mal and obese subjects. J Clin Invest 1988; 81: 442–448.

9 Ejskjaer N, Rasmussen M, Kamp N, Lindholm A, Chris-

tiansen JS. Comparison of thrice daily ‘high’ vs.

‘medium’ premixed insulin aspart with respect to even-

ing and overnight glycaemic control in patients with

type 2 diabetes. Diabetes Obes Metab 2003; 5: 438–445.

10 Gerich JE. Novel insulins: expanding options in diabe-

tes management. Am J Med 2002; 113: 308–316.

11 International Conference on Harmonisation (ICH) Topic

E 6. Harmonised Tripartite Guideline for Good Clini-

cal Practice. Step 5, Consolidated Guideline. 1-5-1996.

www.ich.org.

12 World Medical Association Declaration of Helsinki.

Ethical principles for medical research involving

human subjects. Amended by the 48th General Assem-

bly, Sommerset West, Republic of South Africa, Octo-

ber 1996. JAMA 1997; 277: 925–926.

13 Little RR. Glycated hemoglobin standardization –

National Glycohemoglobin Standardization Program

(NGSP) perspective. Clin Chem Lab Med 2003; 41:

1191–1198.

14 Bradley C. The diabetes treatment satisfaction question-

naire: DTSQ. In: Bradley C ed. Handbook of Psychology

and Diabetes: A Guide to Psychological Measurement

in Diabetes Research and Practice. Chur, Switzerland:

Harwood Academic Publishers, 1994: 111.

15 Meadows KA, Abrams C, Sandbaek A. Adaptation of

the Diabetes Health Profile (DHP-1) for use with

patients with Type 2 diabetes mellitus: psychometric

evaluation and cross-cultural comparison. Diabet Med

2000; 17: 572–580.

16 Meadows K, Steen N, McColl E et al. The Diabetes

Health Profile (DHP): a new instrument for assessing

the psychosocial profile of insulin requiring patients –

development and psychometric evaluation. Qual Life

Res 1996; 5: 242–254.

17 The DCCT Research Group. The absence of a glycemic

threshold for the development of long-term complica-

tions: The perspective of the Diabetes Control and

Complications Trial. Diabetes 1996; 45: 1289–1298.

18 Fleiss JL. Statistical Methods for Rates and Proportions.

Hoboken, NJ, USA: Wiley, 1981: 1–321.

19 International Diabetes Federation (European Diabetes

Policy Group). A desktop guide to type 2 diabetes mel-

litus. Diabet Med 1999; 16: 716–730.

20 American Diabetes Association. Standards of medical

care in diabetes (position statement). Diabetes Care

2005; 28(Suppl. 1): S4–S36.

21 Ligthelm RJ, Mouritzen U, Lynggaard H et al. Biphasic

insulin aspart thrice daily is as efficacious as traditional

basal bolus regimen with four daily injections in subjects

with type 2 diabetes. Diabetes 2005; 54(Suppl. 1): A122.

22 Christiansen JS, Parkner T, Dyrskog SEU et al. Clinical

pharmacological aspects of Biphasic Insulin Aspart 50

and Biphasic Insulin Aspart 70 in non-obese and obese

patients with type 2 diabetes. Diabetologia 2005;

48(Suppl. 1): A838.

23 UK Prospective Diabetes Study (UKPDS) Group. Inten-

sive blood-glucose control with sulphonylureas or insu-

lin compared with conventional treatment and risk of

complications in patients with type 2 diabetes (UKPDS

33). Lancet 1998; 352: 837–853.

M. R. Clements et al. Improved HbA1c with thrice-daily BIAsp vs. twice-daily BHI 30 j OA

# 2007 Blackwell Publishing Ltd Diabetes, Obesity and Metabolism, 10, 2008, 229–237 j 237


