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Aim: To evaluate clinical efficacy and safety of biphasic insulin aspart (BIAsp) 30 twice daily (b.i.d.) vs. BIAsp 50 or

BIAsp 70 (high-mix regimens) thrice daily (t.i.d.) all in combination with metformin in a 36-week clinical trial in

subjects with type 2 diabetes.

Methods: Efficacy measurements included haemoglobin A1c (HbA1c) and eight-point plasma glucose (PG); safety

included adverse events (AEs) and hypoglycaemic episodes. The three treatment groups (approximately 200

subjects in each group) were well matched regarding sex ratio, ethnicity, age and body mass index.

Results: After 12 weeks, 43% and 54% in the BIAsp 50 and 70 groups, respectively, switched their dinner insulin to

BIAsp 30. Both high-mix regimens were non-inferior to BIAsp 30 b.i.d., as measured by change in HbA1c, and the

BIAsp %50 regimen was superior. The odds for meeting the American Diabetes Association and The American

Association of Clinı́cal Endocrinologist HbA1c targets of <7% and �6.5%, respectively, were significantly higher

with the BIAsp 50 regimen than with BIAsp 30. A significantly lower PG level was achieved from lunch until

02:00 hours with both high-mix regimens compared with BIAsp 30 b.i.d. AEs were mild or moderate with all three

regimens. Frequency of hypoglycaemic episodes was comparable for the BIAsp 50 and the BIAsp 30 b.i.d. regimens

but was significantly higher with BIAsp 70 t.i.d.

Conclusions: Glycaemic control improved with BIAsp 50 t.i.d. without higher incidence of hypoglycaemia compared

with BIAsp 30 b.i.d.; with BIAsp 70 t.i.d. lower PG levels from lunch to 02.00 hours, but more hypoglycaemic episodes

were obtained compared with BIAsp 30 b.i.d. (Clinical Trials.gov ID no: NCT00184574).
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Introduction

In peoplewith type 2 diabetesmellitus, insulin treatment

usually starts only when other treatment regimens fail to

provide sufficient glycaemic control. Later, as beta-cell

mass and function decline, an intensified insulin treat-

ment is needed to maintain glycaemic control. The

American Diabetes Association recommends a target
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haemoglobin A1c (HbA1c) of insulin treatment of <7.0%

[1] and the International Diabetes Federation has

recently suggested an even lower HbA1c target of <6.5%

[2]. Insulin treatment is normally initiated as either

a once daily injection of basal insulin or a once or twice

daily (b.i.d.) injection of a premixed insulin formulation

of a short-acting insulin combined with a longer acting

insulin with or without oral antidiabetic drugs (OADs).

Premixed formulations may provide both sufficient

postmeal and basal insulin to control fasting, pre-

prandial and postprandial glucose and may potentially

improve postprandial glycaemic excursions throughout

a 24-h period. A rapid-acting insulin analogue such as

insulin aspart (IAsp) is more rapidly absorbed and has

a shorter duration of action than soluble human insulin

(HI). A series of three premixed pharmaceutical dosage

forms of IAsp with different ratios of the rapid acting

(soluble IAsp) and corresponding intermediate-acting

phase (protamine co-crystallized IAsp) have been devel-

oped, i.e. BIAsp 30, BIAsp 50 and BIAsp 70 respectively

(the numbers denote the percentage of the rapid-acting

component). BIAsp 30 (NovoMix�30, Novo Nordisk 9/5

DK-3050 Bagsvaerd, Denmark) has been shown to pro-

vide better postprandial glucose control than the corre-

sponding formulation with HI, biphasic human insulin

(BHI) 30 [3]. The new formulations with a higher per-

centage of the rapid-acting component may provide

even better postprandial coverage [4]. The trial com-

pared the clinical potential of thrice daily (t.i.d.) regi-

mens with BIAsp 50 and BIAsp 70 (high-mix regimens)

with a b.i.d. regimen with BIAsp 30 (BIAsp 30 regimen),

all in combination with metformin, in subjects with

type 2 diabetes.

Methods

Eighteen European countries participated in this con-

trolled, open-label, three-arm, parallel-group treat-to-

target trial, which consisted of a screening visit, an initial

12-week treatment period with intensive weekly insulin

titration and a 24-week continuation period with less fre-

quent titration. The trial was designed and sponsored by

Novo Nordisk A/S. The protocol was approved by local

ethics committees and health authorities and was con-

ducted in accordance with the Declaration of Helsinki

and Good Clinical Practice. All subjects gave written

informed consent before initiation of the trial.

Subjects

Subjects attended a screening visit and if eligible, ran-

domization occurred 4–10 days later, using an interactive

Web/voice response system. Subjects were stratified

according to previous insulin treatment (once daily or

b.i.d.) and whether or not the treatment included sulfo-

nylureas. A total of 603 adultmen andwomenwith type 2

diabetes,with abodymass index in the range22–44kg/m2

and previously treated with HI or analogue insulin once

daily or b.i.d. in combination with metformin (1000–

2550 mg/day) for �3 months, were randomized. Pre-

vious or concomitant treatment with other OADs was

permitted with the exception of thiazolidinediones.

Well-controlled (HbA1c < 7%) and poorly controlled

(HbA1c > 12%) subjects, subjects with excessive insulin

dosing (�1.80 U/kg body weight) and subjects with sig-

nificant impaired renal or hepatic function, cardiac dis-

ease, proliferative retinopathy, macula oedema or other

medical conditions likely to interfere with the trial were

excluded.

Dosing

The subjects were randomized (1:1:1) to one of three trial

regimens; BIAsp 30 b.i.d. (henceforth referred to as BIAsp

30:30), BIAsp 50 t.i.d. (henceforth referred to as BIAsp

50:50:50) or BIAsp 70 t.i.d. (henceforth referred to as

BIAsp 70:70:70). The total dailymetformin dosewas sim-

ilar in all treatment groups and was maintained through-

out the treatment at thepretrial dose level.All otherOADs

were discontinued at randomization. Insulin treatment

was initiatedwith the same total daily dose as used before

trial entry. In the BIAsp 30 regimen, the daily dose was

distributed 1:1 between breakfast and dinner. In the high-

mix regimens, the dose was distributed 1:1:2 between

breakfast, lunch and dinner. The initial dose distribution

was selected according to previous trials [5] to reduce

potential variability in dosing and to reflect the fact that

dinner was for most subjects the largest meal of the day.

The appropriateness of the initial dosing regimens was

closely monitored throughout the trial, as subjects were

required to record self-measured plasma glucose

(SMPG) before breakfast, lunch and dinner on three con-

secutive days in the week before each site visit. Dose

adjustments were based on the mean SMPG before each

meal as indicated in the titration algorithm (table 1).

The target plasma glucose (PG) range was 4.4–

6.1 mmol/l. In subjects on the high-mix regimens with

insufficient nightly control, as reflected in a fasting

plasma glucose (FPG) level > 7.0 mmol/l, the dinner

injection was substituted with BIAsp 30 for the remain-

ing 24 weeks. The entire high-mix treatment groups will

be referred to as BIAsp 50:50:50(30) and BIAsp

70:70:70(30) respectively; the terms BIAsp 50:50:50 and

BIAsp 70:70:70 will be used to denote the
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subpopulations who continued with the original treat-

ment regimen and BIAsp 50:50:30 and BIAsp 70:70:30

to denote the subpopulations who switched at 12 weeks

to BIAsp 30 at dinner.

Efficacy Measurements

Blood sampleswere drawn at randomization and after 12,

24, 34 and 36 weeks and laboratory evaluations (includ-

ing HbA1c analysis) were carried out at a central labora-

tory. The subjects were asked to perform SMPG on

a normal weekday one week before randomization, and

after 12, 24, 34 and 36 weeks of treatment. They were

asked to record the insulin doses taken before the meals

and to measure PG at the following times: before and

120 minutes after the three meals (breakfast, lunch and

dinner), at bedtime and at 02:00.

Safety Measurements

Subjects were asked to record SMPG values in their dia-

ries whenever they had symptoms of hypoglycaemia.

A hypoglycaemic episode was classified as major if the

subject was unable to treat the episode him/herself and

minor if the subject dealt with the episode alone and PG

was <3.1 mmol/l. All spontaneously reported medical

conditions reported during the trial were recorded as

adverse events (AEs) and their possible or probable rela-

tion to trial treatment was evaluated by the inves-

tigators. The change from baseline to 36 weeks for

physical examination, vital signs, clinical laboratory

evaluations (haematology and biochemistry) and body

weight was assessed.

Statistical Analysis

Thetrialwasdesignedto test fornon-inferiorityof thehigh-

mix regimens comparedwith theBIAsp30 regimenand for

superiority in case of non-inferiority of the two high-mix

regimens compared with BIAsp 30 for the primary end-

point, HbA1c after 36 weeks of treatment. Sample size

was estimated assuming a standard deviation of 1.1% for

HbA1c. With a 20% dropout rate, it was estimated that at

least 200 patients randomized were needed in each treat-

ment arm to detect a true difference in HbA1c > 0.4% at

a combined power of 81%. All analyses were based on

a 5% significance level. HbA1c, average PG and PG incre-

ment analyses were based on an analysis of variance

model with insulin regimen, stratum and country as fac-

tors and the corresponding baseline values as covariates.

The proportion of subjects achieving HbA1c � 6.5 and

<7% was analysed by a binary logistic regression model

with treatment, stratum, country and baseline HbA1c as

explanatory variables. The number of subjects achieving

targets and PG analyses were made using the last observa-

tion carried forward approach.

All HbA1c and PG analyses were carried out for the

36-week total treatment period by comparison of BIAsp

30 b.i.d. vs. either BIAsp 70:70:70(30) or BIAsp

50:50:50(30) and additionally for the initial 12-week

period where all dosings were with BIAsp 50 or BIAsp

70 in the high-mix regimens. Minor hypoglycaemic epi-

sodes were analysed using a generalized linear model

based on a Poisson distribution. The model included

adjustment for stratum, country and exposure time and

was corrected for overdispersion.

Results

Subjects

Of 603 randomized subjects, 92 (15%) were withdrawn

from the trial (figure 1). The number of withdrawals

because of non-compliance was low (<2.5%). There

were no significant differences in the withdrawal pat-

tern between the three treatment groups. The treatment

arms were generally well balanced with respect to

demographic and other baseline characteristics when

examined by treatment at randomization or by subgroup

(table 2). This was true for insulin dose, although base-

line FPG tended to be higher in the high-mix subgroups

switching to BIAsp 30 at dinner. Forty-three per cent

needed to switch in the BIAsp 50:50:50 arm and 54% in

the BIAsp 70:70:70 arm.

Haemoglobin A1c

All treatments led to clinically significant reductions in

HbA1c in the initial 12-week titration period, and this

reduction was maintained for up to 36 weeks. At

12 weeks, mean HbA1c was 7.33% (BIAsp 30:30), 7.02%

(BIAsp 50:50:50) and 7.12% (BIAsp 70:70:70). Pairwise

comparisons were significant when the high-mixes were

compared with BIAsp 30:30, mean difference ¼ �0.31,

Table 1 Titration algorithm

Premeal blood glucose level Dose adjustment

<4.4 mmol/l <80 mg/dl �2 U*

4.4–6.1 mmol/l 80–110 mg/dl 0

6.2–7.8 mmol/l 111–140 mg/dl þ2 U

7.9–10 mmol/l 141–180 mg/dl þ4 U

>10 mmol/l >180 mg/dl þ6 U

*Same or more extensive adjustment in case of symptomatic

hypoglycaemia.
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95% confidence interval (CI): �0.43 to �0.18, p <

0.0001 for BIAsp 50:50:50 and �0.21, 95% CI: �0.33 to

�0.08, p ¼ 0.0015 for BIAsp 70:70:70. In the high-mix

groups, the pattern was the same for subjects who shif-

ted dinner treatment to BIAsp 30 and subjects who con-

tinued with the initial treatment (data not shown). At

36 weeks, mean HbA1c was 7.30% (BIAsp 30:30), 6.99%

(BIAsp 50:50:50(30)) and 7.22% (BIAsp 70:70:70(30)).

Both high-mix regimens were non-inferior to the BIAsp

30 regimen. Furthermore, HbA1c was significantly lower

in the BIAsp 50:50:50(30) arm than in the BIAsp 30:30

arm: �0.3, 95% CI: �0.47 to �0.14, p ¼ 0.0004. No sig-

nificant differences were found between BIAsp

70:70:70(30) and BIAsp 30:30; mean ¼ �0.07, 95% CI:

�0.25 to 0.10, p ¼ 0.4040 (figure 2). The per protocol

analysis supported the findings at 12 and 36 weeks

(data not shown).

A significantly greater percentage of subjects achieved

target HbA1c values of <7.0% and �6.5% in the BIAsp

50:50:50(30) arm (51 and 27%, p < 0.0001 and p ¼ 0.004

respectively) than in the BIAsp 30:30 arm (31% and

13%). A larger proportion also achieved target in the

BIAsp 70:70:70(30) arm (38% and 18%) compared with

BIAsp 30:30, but this difference was not statistically

significant.

Self-monitored PG

Substantial reductions in PGwere achievedwith all three

treatments (figure 3, 36 weeks). The 24-h PG profiles

achieved with the high-mix regimens tended to show

less fluctuation than seen with the BIAsp 30 regimen.

Mean PG values decreased at all time points with all

three regimens, but in general, the decrease was most
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pronounced in the high-mix treatment arms. Mean PG

levels were significantly lower (see lower part of figure 3)

from lunch to bedtime with the high-mix regimens com-

pared with the BIAsp 30 regimen. At 36 weeks, FPG

was higher for BIAsp 70:70:70(30) but not for BIAsp

50:50:50(30) compared with BIAsp 30:30, whereas at

02:00 hours, PG was not significantly different between

BIAsp 70:70:70 (30) and BIAsp 30. The pattern was sim-

ilar at 12 weeks (data not shown). The mean prandial

PG increment was significantly lower with the high-mix

regimens both after 12 and 36 weeks of treatment

(figure 4).

In general, the efficacy evaluations have shown that

HbA1c, daytime PG and prandial PG increment were

reduced more with BIAsp 50:50:50(30) than with BIAsp

30:30 and that daytime PG but not HbA1c was reduced

more with BIAsp 70:70:70(30) than with BIAsp 30:30.

More than half (52%) of the subjects were controlled

sufficiently with BIAsp 50 at all meals to meet the FPG

target at 12 weeks and continued on the 50:50:50

Fig. 2 Reduction in mean haemoglobin A1c (HbA1c) (%) at

36 weeks of treatment, intent-to-treat population. Comparison

of biphasic insulin aspart (BIAsp) 30:30 with BIAsp 50:50:50

(30) and BIAsp 30:30 with BIAsp 70:70:70 (30). Analysis was

performed by analysis of variance with adjustment for base-

line HbA1c, strata and country. Baseline is mean HbA1c and

end of trial HbA1c is estimated mean from the model. NS,

non-significant.

*p<0.05 BIAsp 50-50-50(30) vs BIAsp 30-30
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Fig. 3 Mean eight-point plasma glucose (PG) profiles

(mmol/l) at baseline and end of trial (week 36 with LOCF) –

intent-to-treat. Upper graph: eight-point PG profiles at

baseline and after 36 weeks treatment. Lower graph:

36-week PG profile with comparison of thrice and twice

daily regimens. BB, before breakfast; B120, breakfast þ 120

min; BL, before lunch; L120, lunch þ 120 min; BD, before

dinner; D120, dinner þ 120 min; BE, before night;

02:00 hours, 02:00 hours in the morning; LOCF, last

observation carried forward.

Table 2 Baseline characteristics – randomized and receiving treatment

30:30 50:50:50 50:50:30 70:70:70 70:70:30

N 200 114 87 91 107

Age (years) 60.7 (9.0) 59.9 (9.6) 60.9 (8.5) 60.6 (9.1) 60.3 (8.2)

Sex (M/F) 96/104 50/64 34/53 44/47 44/63

Weight (kg) 88.6 (14.2) 88.3 (14.5) 86.7 (13.9) 89.1 (15.2) 87.1 (13.0)

Body mass index (kg/m2) 31.9 (3.9) 32.1 (4.2) 31.6 (4.0) 32.0 (4.6) 31.8 (4.1)

Diabetes duration (years) 13.2 (7.3) 12.6 (6.8) 13.2 (6.6) 12.9 (7.4) 13.2 (6.8)

Fasting plasma glucose (mmol/l) 9.3 (2.7) 9.2 (2.1) 9.8 (2.5) 8.8 (2.2) 9.4 (2.1)

Haemoglobin A1c (%) 8.9 (1.1) 8.9 (1.0) 8.9 (1.1) 8.7 (1.0) 8.8 (1.1)

Diabetes complications, N (%) 126 (63.0) 74 (64.9) 56 (64.4) 59 (64.8) 67 (62.6)

Treatment dose

Total daily insulin dose (IU/kg) 0.52 (0.27) 0.44 (0.20) 0.52 (0.26) 0.50 (0.26) 0.53 (0.28)

Total daily metformin dose (mg) 1679 (545.1) 1777 (531.6) 1771 (519.2) 1792 (562.9) 1812 (529.0)

Data given are means (s.d.).
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regimen, whereas less than half (35%) met the target

with BIAsp 70:70:70. In the BIAsp 70:70:70 treatment

group, significantly more subjects had to switch the din-

ner injection to BIAsp 30 compared with BIAsp

50:50:50: BIAsp 50:50:50/BIAsp 70:70:70 odds ratio ¼
0.42, 95% CI: 0.27–0.67, p ¼ 0.0002.

Hypoglycaemia

Major hypoglycaemic episodeswere few in all three treat-

ment arms but were more frequent in the BIAsp

70:70:70(30) arm (5.6% of subjects) than in either of the

other two treatment arms (�1.0%). Except for two epi-

sodes (one with BIAsp 30:30 and one with BIAsp

50:50:50(30)), all major hypoglycaemic episodes were

experienced during daytime (06:00–24:00 hours). The

rate of minor episodes was higher in the 70:70:70(30)

arm (13.3 episodes/year) than in either of the other two

arms (BIAsp 30:30: 7.9 episodes/year and BIAsp

50:50:50(30): 9.3 episodes/year) (table 3), and the relative

risk was significantly higher with BIAsp 70:70:70(30)

than with BIAsp 30:30 (table 4). The incidence of epi-

sodes was higher in the initial 12-week titration period

(all three arms), particularly in the BIAsp 70:70:70(30)

arm. This was seen in both high-mix treatment arms

whether or not they switched to BIAsp 30 at dinner;

however, the rate was consistently higher in subjects

who needed to switch the dinner dose (data not shown).

The rate of minor nocturnal episodes (occurring from

00:00 to 06:00 hours) was similar in the three treatment

arms (1.3–1.6 episodes/year) (table 3), and the relative

risks were not significantly different (table 4). During

daytime, the rate of hypoglycaemia tended to be higher

after breakfast with the BIAsp 30 regimen and highest

after lunch and dinner with the high-mix regimens (data

not shown). Overall, the rate of hypoglycaemia remained

low through the trial period in all treatment arms and

only few major episodes were recorded.

Insulin Dose

Insulin doses doubled in the high-mix arms and almost

doubled in the BIAsp 30:30 arm during the initial intense

12-week titration period. After 36 weeks, the mean daily

dose had increased a further 10% and remained signifi-

cantly higher in the two high-mix arms than in the BIAsp

30 arm: with BIAsp 30:30 mean dose ¼ 1.07 U/kg; BIAsp

50:50:50(30) mean dose ¼ 1.18 U/kg and BIAsp 70:70:

70(30) mean dose ¼ 1.16 U/kg. Total daily insulin dose

was significantly higher with BIAsp 50:50:50(30) and

BIAsp 70:70:70(30) than with BIAsp 30:30 (mean differ-

ence of 0.11 and 0.08 units/kg/day respectively; p< 0.05

for both comparisons; data not shown). Total daily insu-

lin dose did not differ significantly between the two
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Fig. 4 Average prandial plasma glucose (PG) increment (mmol/l) after 12 and 36 weeks. BIAsp, biphasic insulin aspart.

Table 3 Hypoglycaemic episodes by classification

BIAsp 30:30 BIAsp 50:50:50(30) BIAsp 70:70:70(30)

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

Over 24 h

Major 2 (1.0) 4 0.0 1 (0.5) 1 0.0 11 (5.6) 14 0.1

Minor 128 (64.0) 987 7.9 159 (79.1) 1213 9.3 148 (74.7) 1619 13.3

Nocturnal

Major 1 (0.5) 1 0.0 1 (0.5) 1 0.0 0 (0.0) 0 0.0

Minor 66 (33.0) 196 1.6 77 (38.3) 169 1.3 73 (36.9) 189 1.6

BIAsp, biphasic insulin aspart.
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high-mix treatment arms. When mealtime dose was esti-

mated as a proportion of total, therewas a slight reduction

in the dinner dose at 12 weeks, which was maintained

until end of trial in the high-mix groups. Percentages of

the total daily dose at breakfast:lunch:dinner were 26:25:

49 (week 1), 27:31:42 (week 12) and 27:30:43 (week 36)

in the 50:50:50(30) group and 25:25:49 (week 1), 28:29:

43 (week 12) and 27:29:44 (week 36) in the 70:70:

70(30) group.

Body Weight

Body weight increased similarly in all three arms.

Although the baseline-adjusted increase in body weight

was slightly higher at the end of the trial with BIAsp

50:50:50(30) and BIAsp 70:70:70(30) (approximately

4 kg) than with BIAsp 30:30 (approximately 3.5 kg),

the increase was not significantly different in the

three arms.

Adverse Events

The AE profiles were similar in the high-mix treatment

arms and in theBIAsp30 arm: in theBIAsp 30:30 arm, 102

(51%) of subjects reported an AE compared with 110

(55%) treated with BIAsp 50:50:50(30) and 105 (53%)

with BIAsp 70:70:70(30). Serious AEs were reported by

18 (9%), 14 (7%) and 22 (11%) subjects, respectively. AEs

considered to be possibly or probably related to trial med-

ication were reported for 5 subjects in the BIAsp 30:30

arm, 4 subjects in the BIAsp 50:50:50(30) arm and 13 sub-

jects in the BIAsp 70:70:70(30) arm. The majority of pos-

sibly/probably related AEs in the BIAsp 70:70:70(30) arm

were hypoglycaemic episodes (six subjects) and hypoka-

laemia (six subjects). All other possibly/probably related

AEs in the trial were sporadic events, occurring in no

more than one or two individuals. Of these, two events

were reported as serious in the BIAsp 30:30 arm (Brugada

syndrome andweight increase) and ninewere reported as

serious in the BIAsp 70:70:70(30) arm (seven episodes of

hypoglycaemia and two episodes of hypoglycaemic

coma). There were no clinically relevant differences in

physical examination, vital signs or clinical laboratory

(haematological and biochemistry) evaluations at the

end of the trial.

Discussion

An optimal insulin regimen should provide adequate

interprandial, postprandial andnocturnal glycaemic con-

trol. In patients with type 2 diabetes, BIAsp 30 has been

shown to provide improved postprandal glycaemic con-

trol compared with BHI 30, neutral protein hagedorn

(NPH) or insulin glargine (Hamili et al., 2005) [6]. BIAsp

30 b.i.d. has been shown to provide superior overall gly-

caemic control (HbA1c) compared with NPH insulin

b.i.d. and with equivalent safety profiles with both regi-

mens [7]. Earlier data [8] have indicated that high-mix

regimens provide improved daytime control but less

nocturnal control compared with BHI 30, and clinical

data have indicated that nocturnal control might be

improved by substitution with BIAsp 30 at dinner [9]. In

the current trial with the use of an intense insulin titra-

tion, overall control (HbA1c), daytime control (eight-

point PG) and nightly control (FPG) improved sub-

stantially with all regimens and more than seen in a pre-

vious trial [10], probably because of a more intense

insulin titration and because of supplementary oral

medication. However, the higher FPG with BIAsp 70

t.i.d. compared with BIAsp 30 (refer figure 3) is a clear

illustration of the variation within the population as to

nightly PG control and emphasize the importance of

individual dose titration for treatment optimization.

A difference between the two high-mix regimens was

expected because of the lower fraction of basal insulin

in BIAsp 70, but it is worth noticing that a large fraction

of subjects in both high-mix regimens could meet the

FPG targets at 12 weeks without a dose switch at dinner.

Subjects and staff were blinded as to the two high-mix

regimens (BIAsp 50 or BIAsp 70) but not to whether the

regimenswere b.i.d. or t.i.d. However, as all hypoglycae-

mia analyseswere based on either biochemicalmeasure-

ments (minor episodes) or well-defined clinical criteria,

bias related to lack of blinding is considered minimal.

Overall, the rate of hypoglycaemia remained low

through the trial period in all treatment arms and the

majority of the episodes were minor. The relative day-

time risk of minor hypoglycaemia was slightly but sig-

nificantly higher with the high-mix regimens. This was

to be expected with an intensified treatment with more

injections and a higher total daily dose and should be

Table 4 Risk ofminor episodes – pairwise comparisons after

36 weeks

BIAsp BIAsp RR (95% CI) p Value

24 h 50:50:50(30) 30:30 1.208 (0.894–1.630) 0.2185

70:70:-70(30) 30:30 1.714 (1.289–2.980) 0.0002

Nocturnal 50:50:50(30) 30:30 0.848 (0.578–1.243) 0.3979

70:70:70(30) 30:30 1.045 (0.720–1.518) 0.8162

Nocturnal episodes are defined as episodes occurring between 00:00

and 06:00 hours, both inclusive. BIAsp, biphasic insulin aspart; RR,

relative risk high-mix/BIAsp 30.
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weighed against the long-term glycaemic benefits. Less

than 1% of the episodes were evaluated as major. The

rate of minor episodes was approximately 50% higher

than previously reported with a high-mix regimen [9],

probably a reflection of the more aggressive insulin

titration and more substantial HbA1c reduction ach-

ieved in the current trial. With the high relative con-

tent of soluble IAsp in BIAsp 70, the timing of insulin

injection relative to mealtime and the adjustment of

dose relative to meal size and physical activity is more

critical than with the other BIAsp mixtures. In a clini-

cal setting, it might be easier for patient and investiga-

tor to make such adaptations and manage both to

improve glycaemic control and avoid hypoglycaemic

episodes. Insulin dose increased with all treatment

regimens. With the BIAsp 30 regimen, breakfast and

dinner dose ratio remained close to 1:1 throughout the

trial, whereas with the high-mix regimens, the dinner

doses changed slightly from the ratios of 26:25:49 (per-

centage of total daily dose at breakfast, lunch and din-

ner) at initiation to approximately 27:30:43 at end of

trial. This shift might be explained as an adaptation to

actual meal sizes and might also reflect that approxi-

mately 50% of the subjects switched to a formulation

with a higher content of basal insulin after 12 weeks of

treatment.

Weight gain is one of the main expected side effects

of initiation of insulin therapy. An initial increase in

body weight with intensive insulin therapy of about

4 kg is often observed over a period of 6 years [11]. The

weight gain tended to lessen when insulin titration

became less intense. Although the high-mix regimens

resulted in a higher total insulin dose than BIAsp 30

b.i.d., the increase in body weight was not signifi-

cantly different between the treatment regimens.

Glycaemic control may be substantially improved with

a t.i.d. high-mix regimen with BIAsp 50 without risk of

a higher incidence of major or nocturnal hypoglycaemia

comparedwithBIAsp 30 b.i.d. andwithout higherweight

gain. Subjects insufficiently controlled at night with

BIAsp 50 alone improved after substitution of dinner

treatment with BIAsp 30. A t.i.d. regimen with BIAsp 70

provided improved prandial glycaemic control but not

overall control comparedwithBIAsp30, and this regimen

was associated with a higher risk of hypoglycaemia. The

high-mix regimens showed similar characteristics to

BIAsp 30 regarding frequency and severity of AEs; no

other safety differences between regimenswere recorded.

A t.i.d. therapy with BIAsp 50 and 70 may provide bene-

ficial effects on glycaemic control without major safety

issues compared with BIAsp 30 b.i.d. The nocturnal gly-

caemic control of a high-mix t.i.d. regimen may be

improved by switching the dinner dose to BIAsp 30 thus

providing efficient nocturnal, diurnal and prandial PG

control. This regimen may be adapted to the needs for

basal insulin coverage in a broad range of patients with

type 2 diabetes.

Acknowledgements

The authors thank Dr Jens Keiding, MSc, PhD, and Julie

Clyde, PhD, who provided medical writing services and

Helle Frimer-Larsen, MSc, who provided statistical sup-

port on behalf of Novo Nordisk A/S.

References

1 American Diabetes Association. Standards of medical

care in diabetes. Diabetes Care 2005; 28: S4–S36.

2 IDF Clinical Guidelines Task Force. Global guideline

for type 2 diabetes: recommendations for standard,

comprehensive, and minimal care. Diabet Med 2006;

23: 579–593.

3 Boehm BO, Home PD, Behrend C, Kamp NM, Lindholm

A. 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:

393–399.

4 Schwartz S, Zagar A, Althouse S, Pinaire J, Holcombe J.

A single-center, randomized, double-blind, three-way

crossover study examining postchallenge glucose res-

ponses to human insulin 70/30 and insulin lispro fixed

mixtures 75/25 and 50/50 in patients with type 2 diabe-

tes mellitus. Clin Ther 2006; 28: 1649–1657.

5 Ligthelm R, Mouritzen U, Lyngaard H et al. Biphasic

insulin aspart given thrice daily is as efficacious as

a basal-bolus insulin regimen with four daily injections

randomised open-label parallel group four months com-

parison in patients with type 2 diabetes. Exp Clin

Endocrinol Diabetes 2006; 114: 511–519.

6 Hamili S, Raskin P, Liebl A, Kawamori R, Fulcher G,

Yan G. Efficacy of biphasic insulin aspart in patients

with type 2 diabetes. Clin Ther 2005; 27 (Suppl. B):

S57–S74.

7 Christiansen JS, Vaz JA, Metelko Z, Bogoev M, Dedov I.

Twice daily biphasic insulin aspart improves post-

prandial glycaemic control more effectively than twice

daily NPH insulin, with low risk of hypoglycaemia, in

patients with type 2 diabetes. Diabetes Obes Metab

2003; 5: 446–454

8 Ejskjaer N, Rasmussen M, Kamp N, Lindholm A,

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

‘medium’ premixed insulin aspart with respect to even-

ing and overnight glycemic control in patients with

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

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

insulin aspart given thrice daily is as efficacious as

D. Cucinotta et al. Efficacy and safety of high-mix biphasic insulin aspart vs. BIAsp 30 j OA

# 2009 The Authors

Journal Compilation # 2009 Blackwell Publishing Ltd
Diabetes, Obesity and Metabolism, 11, 2009, 700–708 j 707



a basal-bolus insulin regimen with four daily injections.

Exp Clin Endocrinol Diabetes 2006; 114: 511–519.

10 Clements MR, Tits J, Kinsley BT, Råstam J, Friberg HH,
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