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Introduction

 

Insulin aspart is a novel insulin analogue with a more rapid
onset and a shorter duration of action after subcutaneous
administration compared with human unmodified (regular)
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Abstract

 

Aims

 

Insulin aspart has been shown to improve post-prandial and overall
glycaemic control in people with Type 1 diabetes. We hypothesized that insulin
aspart with intensified basal NPH insulin supplementation would result in
better overall glycaemic control than human regular insulin with standard basal
NPH insulin.

 

Methods

 

The trial was conducted in 43 centres in seven countries. People with
Type 1 diabetes were randomized to mealtime insulin aspart with up to four
daily NPH doses if meals were > 5 h apart and a 25% increase in bedtime NPH
dose (

 

n

 

 = 187), or to mealtime human unmodified insulin with once or twice
daily basal NPH insulin (

 

n

 

 = 181). Efficacy and safety were evaluated at
12 weeks (primary evaluation period) and 64 weeks.

 

Results

 

At 12 and 64 weeks there was no statistically significant difference in
HbA

 

1c

 

 between the insulin aspart and regular insulin groups: 

 

−

 

0.09 (95% con-
fidence interval (CI) 

 

−

 

0.23, +0.05)% and 

 

−

 

0.14 (

 

−

 

0.32, +0.04)%. Post-prandial
glucose values were lower and the area under the 24-h self-monitored blood
glucose curve above 7.0 mmol/l was 28% smaller with insulin aspart (35.2 

 

±

 

 3.2 vs.
48.9 

 

±

 

 3.1 mmol/ l h, 

 

P

 

 = 0.0015). No significant differences were found in mild
or severe hypoglycaemia, or adverse event rate. At 64 weeks treatment satisfac-
tion was higher in the insulin aspart group (difference 1.57 (95% CI 0.49, 2.64)
points, 

 

P

 

 = 0.004), while quality of life was not different.

 

Conclusions

 

Improved post-prandial glycaemic control and treatment satisfac-
tion with insulin aspart were confirmed. Intensifying basal insulin supplemen-
tation resulted in a similar HbA

 

1c

 

 decrement as previously found with the use of
insulin aspart and standard NPH insulin supplementation. This does not sup-
port routinely basal NPH insulin intensification when using rapid-acting insulin
analogues in daily practice.
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insulin [1]. The use of insulin aspart has been shown to
improve post-prandial glycaemic control and diminish the
hypoglycaemia event rate, especially at night, in a study where
premeal human insulin was replaced by insulin aspart [2].
Moreover, two large-scale studies showed a significant
improvement in overall glycaemic control [3]. The first con-
firmed the diminished hypoglycaemia rate, while the latter
showed increased treatment satisfaction.

Two small-scale studies with rapid-acting insulin analogues
suggest that overall glycaemic control can be improved by
intensifying basal insulin supplementation. These intensifica-
tions included a 25% increase in the night time NPH insulin
dose and an additional basal insulin dose with mealtime
intervals of more than 5 h [4,5]. Several other studies, using
insulin lispro, showed improved glycaemic control when basal
NPH insulin supplementation was optimized by increasing the
number of NPH injections to three to four per day in inten-
sively coached and compliant people [6–10].

The main objective of the present study was to investigate
whether increased dosage and frequency of basal insulin injec-
tions in combination with premeal insulin aspart would result
in improved overall glycaemic control. Therefore, we com-
pared in a large-scale multicentre study two algorithm-driven
insulin therapy regimens, one consisting of premeal insulin
aspart with an intensified basal NPH insulin supplementation,
and the other of premeal human regular insulin with one or
two daily doses of basal insulin. After a 12-week phase of
intensive treatment, subjects were followed for an additional
year at 3-month intervals to approach the real-life situation as
closely as possible within a clinical trial.

 

Patients and methods

 

This 64-week multicentre multinational randomized open-
label parallel group trial was conducted in 43 centres in seven
countries. The protocol was approved by all appropriate
ethical committees. Patients gave written informed consent. The
trial was monitored and carried out according to International
Conference on Harmonization/Good Clinical Practice guide-
lines [11].

 

Patients

 

People with Type 1 diabetes for > 2 years were included if they
were older than 18 years, were on a meal-time plus basal
insulin regimen for at least the last 3 months, had an HbA

 

1c

 

 of
7.0–10.0%, and had a body mass index (BMI) 

 

≤

 

 35 kg/m

 

2

 

.
Exclusion criteria included active proliferative retinopathy or
nephropathy (serum creatinine > 150 

 

µ

 

mol/ l), recurrent severe
hypoglycaemia (more than two events requiring third-party
help in the last 6 months) or hypoglycaemia unawareness (as
judged by the investigator), high insulin requirement (use of
> 1.4 U/kg body weight), substance abuse and other major
disease. Women were excluded if they were pregnant,
breast-feeding, or practising inadequate contraception. The

two treatment groups were comparable with respect to
demographic variables and disease characteristics measured
at baseline (Table 1). A trial profile is shown in Fig. 1.

 

Design

 

After a 2-week run-in, subjects were randomized using a
telephone intelligent voice response system to insulin aspart
(NovoRapid®; Novo Nordisk, Bagsvaerd, Denmark) or human
unmodified insulin (Human Actrapid®; Novo Nordisk) as
premeal insulin. People in both arms used intermediate-acting
NPH insulin as a basal insulin given at bedtime (Human
Insulatard®; Novo Nordisk). In those randomized to insulin

Table 1 Clinical characteristics of the 367 patients randomized to 
insulin aspart (n = 186) or human insulin (n = 181)
 

Insulin aspart Human insulin

Age (years) 36.9 (28.8, 46.7) 36.9 (28.2, 46.7)
Male sex 116 (62) 111 (61)
Caucasian race 169 (91) 166 (92)
BMI (kg/m2) 25.3 ± 3.2 25.8 ± 3.4
Smoker 38 (20) 40 (22)
Duration of diabetes (years) 14.2 (8.3, 20.7) 15.6 (9.4, 23.8)
HbA1c (%) 8.36 ± 0.76 8.40 ± 0.77

Basal insulin injections the day before randomization (n/day)
0 0 (0)* 2 (1)
1 153 (82) 140 (77)
2 32 (17) 38 (21)
3 0 (0) 1 (1)
4 1 (1) 0 (0)

Insulin dose (U/kg body weight)
Basal insulin 0.31 ± 0.14 0.30 ± 0.12
Mealtime insulin 0.48 ± 0.17 0.42 ± 0.14

Data are presented as n (%), means ± SD or median (25th %, 75th %).
*Two patients reported no basal insulin injection on the day before 
randomization.

Figure 1 Trial profile.
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aspart, 80% of the prestudy premeal insulin dose of human
insulin dose was given as insulin aspart before meals, and
subjects were advised to increase their night time NPH dose
by 25% [4]. When time between meals or between dinner
and bedtime was > 5 h, additional daytime NPH doses were
advised: 40% of the prestudy premeal human insulin dose was
given as NPH insulin, and 60% as insulin aspart [5,12].
Human regular insulin was advised to be injected 30 min
before meals, insulin aspart immediately before meals. The
recommended injection site for mealtime insulin injection was
the abdominal wall, for NPH insulin the thigh. One 9-point
blood glucose profile (preprandial and 90 min post-prandial,
before bed, at 02.00 h and before breakfast the next day) using
the One Touch Profile (Lifescan, Milpitas, CA, USA) was
requested in the week before each trial visit, to be noted in a
diary. Dosage adjustment advice was derived from an algorithm
working from self-monitored blood glucose profiles, adjusting
insulin aspart on the basis of post-prandial measurements,
NPH on preprandial measurements and human mealtime
insulin on both preprandial and post-prandial measurements.
The algorithm advised adjusting insulin doses when glucose
measurements were outside a range of 5.0–7.0 mmol/ l pre-
prandially and 5.0–9.0 mmol/ l post-prandially in both groups.
Patients were seen for trial visits at 2, 4, 8 and 12 weeks, and
four times thereafter, at 13-week intervals. Telephone contact
was used as required on an investigator-driven basis.

 

Measurements

 

Glycaemic control was assessed using the 9-point blood glu-
cose profiles and HbA

 

1c

 

 values. HbA

 

1c

 

 was measured at each
visit using ion-exchange high-pressure liquid chromatography
(reference range 4.8–6.7%) at Covance Laboratories (Ham-
burg, Germany).

Hypoglycaemic events were self-reported. They were classified
as major or minor. Major hypoglycaemic episodes were defined
by the requirement of third-party help, including i.v. glucose
or i.m. glucagon. Minor episodes were all other symptomatic
hypoglycaemic events. Other adverse events were recorded at
each visit and classified according to pharmaceutical guidelines.

Diabetes-specific quality of life was measured using the
Diabetes Health Profile [13]. Treatment satisfaction was
measured using the Diabetes Treatment and Satisfaction
Questionnaire (DTSQ) [14]. Questionnaires were completed
at baseline, and at 12, 38 and 64 weeks.

 

Statistical analysis

 

The primary efficacy outcome measure was the change in
HbA

 

1c

 

 from baseline to 12 weeks. This was analysed by ana-
lysis of variance using all post-baseline values with covariate
adjustment for baseline value, country and centre. Assuming a
standard deviation of HbA

 

1c

 

 of 1.0%, 400 randomized sub-
jects would have given the trial a 85% power to detect a differ-
ence of 0.3%. Secondary efficacy assessments were the 9-point

home blood glucose profiles, hypoglycaemic event rates
and quality of life endpoints. The areas under the curve
> 7.0 mmol/ l and < 3.5 mmol/ l from the 9-point home blood
glucose profiles were calculated. Time points of the 9-point
home blood glucose profiles and derived blood glucose end
points were analysed using repeated measures 

 

ANCOVA

 

 as
above. From the 9-point blood glucose profiles, the value
reported before breakfast is the average of the before break-
fast values of day 1 and day 2. The primary outcome measure
for hypoglycaemia was time to first major hypoglycaemia,
analysed by Cox-regression with treatment group as factor,
secondary outcomes were rates of major, major daytime, major
night time and minor hypoglycaemia. Hypoglycaemic event
rates were compared using Fisher’s exact test. The domains as
described by the developers of the quality of life questionnaires
were analysed as endpoints using the 

 

χ

 

2

 

 test.
All results were analysed using the intention-to-treat popu-

lation, defined as all subjects with at least one post-baseline
value recorded. The last observation carried forward approach
was used for patients who dropped out prior to later visits.

 

P

 

-values < 0.05 were considered statistically significant. All
analyses were predefined in a statistical analysis plan, except
as stated. Statistical analyses were made using SAS for UNIX
version 6.12 (SAS Institute, Cary, NC, USA).

 

Results

 

Drop-outs and adverse events

 

Of the 368 people randomized, 186 of the 187 in the insulin
aspart group began treatment, as did all 181 randomized to
the human insulin group. The intention-to-treat populations
(those who had at least one study visit after exposure to the
trial medication) included 184 and 178 people, respectively.
The withdrawal rates (21 and 16 people, respectively) did not
differ between patient arms. In both treatment arms 165
people completed the study (Fig. 1).

Adverse event rates in the insulin aspart and human insulin
arms did not differ. Two male, 54- and 60-year-old partici-
pants died, both in the human insulin group. These deaths
were classified as sudden, and were assessed by local investiga-
tors as not being related to the trial product, or to hypoglycae-
mia. No significant differences were found in body weight
(data not shown).

 

Insulin dosing

 

The doses of basal insulin and meal-related insulin at 12 and
64 weeks differed significantly between treatments  (Tables 2
and 3). The basal insulin dose increased by 36% at 12 weeks
and the meal-related component reduced by 13% for insulin
aspart relative to baseline, as intended by the dosage algo-
rithm. In the aspart group, 45 patients (24.6%) used three or
four daily NPH injections at 12 weeks compared with two
patients (1.1%) in the human regular insulin group.
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Glycaemic control

 

The primary efficacy analysis of change in HbA

 

1c

 

 showed a
non-significant (

 

P

 

 = 0.216) insulin aspart—human regular
insulin difference of 

 

−

 

0.09 (95% confidence interval (CI) 

 

−

 

0.23,

+0.05)% at 12 weeks (Tables 2 and 3). At 64 weeks this
difference was 

 

−

 

0.14 (95% CI 

 

−

 

0.32, +0.04)%, 

 

P

 

 = 0.128.
Adjustment for baseline values of age, BMI, duration of
diabetes, baseline HbA

 

1c

 

, total daily insulin dose, number of daily
basal injections, country and centre did not change the overall

 

 

Insulin aspart Human insulin Difference (95% CI) P

Insulin dose (U/kg)
Basal 0.41 ± 0.01 0.32 ± 0.01 0.08 (0.06, 0.10) < 0.001
Meal related 0.39 ± 0.01 0.46 ± 0.01 −0.07 (−0.09, −0.05) < 0.001

HbA1c (%) 7.98 ± 0.07 8.12 ± 0.07 −0.09 (−0.23, 0.04)*  0.216

Blood glucose (mmol/ l)
Pre-breakfast 8.22 ± 0.24 8.71 ± 0.24 −0.49 (−1.10, 0.11)  0.112
Post-breakfast 8.27 ± 0.32 9.31 ± 0.32 −1.04 (−1.86, −0.21)  0.0137
Pre-lunch 7.05 ± 0.25 7.12 ± 0.25 −0.08 (−0.73, 0.57)  0.812
Post-lunch 7.40 ± 0.25 8.37 ± 0.25 −0.97 (−1.62, −0.32)  0.0037
Pre-dinner 7.34 ± 0.30 7.39 ± 0.30 −0.06 (−0.84, 0.73)  0.884
Post-dinner 8.22 ± 0.28 8.87 ± 0.28 −0.65 (−1.37, 0.08)  0.081
Bed time 9.16 ± 0.30 8.85 ± 0.30 0.30 (−0.49, 1.10)  0.451
Night (02.00 h) 8.62 ± 0.28 8.42 ± 0.27 0.19 (−0.52, 0.90)  0.593

Hypoglycaemia rate
Major (events/year) 1.25 1.10 RR 1.16 (0.62, 2.19)  0.723
Minor (events/month) 3.12 3.64 RR 0.91 (0.75, 1.12)  0.385

DTSQ (points) 30.3 ± 0.42 29.5 ± 0.42 0.83 (−0.16, 1.82)  0.100

Data are presented as means ± SE, or mean difference (95% CI). Hypoglycaemia is mean with relative 
risk (RR) (95% CI).
DTSQ, Diabetes Treatment Satisfaction Questionnaire (scale 0–36, high values indicate high 
treatment satisfaction).
*The difference as calculated by ANOVA is given, which is not necessarily the same as the 
difference between raw means.

Insulin aspart Human insulin Difference (95% CI) P

Insulin dose (U/kg)
Basal 0.41 ± 0.01 0.32 ± 0.01 0.09 (0.07, 0.10) < 0.001
Meal related 0.41 ± 0.01 0.47 ± 0.01 −0.07 (−0.09, −0.04) < 0.001

HbA1c (%) 8.08 ± 0.08 8.22 ± 0.07 −0.14 (−0.32, 0.04)*  0.128

Blood glucose (mmol/ l)
Pre-breakfast 8. 05 ± 0.26 8.29 ± 0.25 −0.23 (−0.91, 0.44)  0.494
Post-breakfast 8.34 ± 0.32 9.62 ± 0.31 −1.27 (−2.11, −0.44)  0.0029
Pre-lunch 7.11 ± 0.28 7.13 ± 0.27 −0.02 (−0.76, 0.73)  0.967
Post-lunch 7.56 ± 0.30 8.79 ± 0.30 −1.23 (−2.04, −0.43)  0.0029
Pre-dinner 7.19 ± 0.30 7.59 ± 0.29 −0.40 (−1.20, 0.40)  0.329
Post-dinner 7.45 ± 0.30 9.14 ± 0.29 −1.69 (−2.48, −0.89) < 0.001
Bed time 8.27 ± 0.29 8.93 ± 0.28 −0.66 (−1.41, 0.10)  0.087
Night (02.00 h) 7.95 ± 0.31 8.27 ± 0.30 −0.32 (−1.14, 0.50)  0.445

Hypoglycaemia rate
Major (events/year) 0.91 0.79 RR 1.29 (0.89, 1.87)  0.218
Minor (events/month) 1.90 2.35 RR 0.87 (0.69, 1.11)  0.254

DTSQ (points) 30.7 ± 0.5 29.1 ± 0.5 1.57 (0.49, 2.64)  0.004

Data are presented as means ± SE, or mean difference (95% CI). Hypoglycaemia is mean with relative 
risk (RR) (95% CI).
DTSQ, Diabetes Treatment Satisfaction Questionnaire (scale 0–36, high values indicate high 
treatment satisfaction).
*The difference as calculated by ANOVA is given, which is not necessarily the same as the 
difference between raw means.

Table 2 Insulin dose, measures of blood 
glucose control, hypoglycaemia event rates 
and treatment satisfaction, at 12 weeks of the 
64-week trial

Table 3 Insulin dose, measures of blood 
glucose control, hypoglycaemia event rates and 
treatment satisfaction, at 64 weeks
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estimate of treatment effect (data not shown). The area under
the 24-h glucose curve above 7.0 mmol/ l was 28% smaller in
the insulin aspart group (35.2 ± 3.2 vs. 48.9 ± 3.1 mmol/ l h
(P = 0.0015). Post-prandial glucose values were lower in the
insulin aspart group than in the human insulin group at 12 and
64 weeks (Fig. 2, Tables 2 and 3).

A post hoc analysis in the insulin aspart group showed no
significant difference in change in HbA1c from baseline to
12 weeks in those using one or two NPH injections daily vs.
those using three or four NPH injections daily: median −0.50
(0.10, −0.80) (n = 139) vs. −0.30 (0.00, −1.00) (n = 45)% (NS).

Hypoglycaemia

There were no significant differences between insulin aspart
and human insulin arms in the time to first major hypoglycae-
mia (relative risk at 12 weeks 1.06, 95% CI 0.58, 1.94) or the
event rate of major or minor hypoglycaemia (Tables 2 and 3).
Furthermore, no differences were found when analysing
nocturnal and daytime major hypoglycaemic episodes separ-
ately. There was no difference in area under the curve below
3.5 mmol/ l from the 9-point home blood glucose profiles.

Quality of life

No significant differences between treatments in the Diabetes
Health Profile domain scores were found (data not shown).

Treatment satisfaction was similar at 12 weeks in the two
treatment groups, but at 64 weeks was higher in the insulin
aspart group (difference 1.57 (95% CI 0.49, 2.64) points,
P = 0.004) (Tables 2 and 3).

Discussion

The present trial confirms that the use of insulin aspart in a
multiple injection therapy regimen results in a lowering of
post-prandial glucose excursions, and thus area under the
blood glucose concentration curve above 7.0 mmol/ l, even
with a reduced mealtime insulin dose. However, as measured
by HbA1c, overall glycaemic control was not improved to a
statistically significant extent. The safety of insulin aspart, both
with regard to adverse events in general and the hypoglycae-
mia rate in particular, was also confirmed. No differences in
health-related quality of life between the two treatments were
found, but treatment satisfaction at 64 weeks was higher in the
insulin aspart group.

Two other large-scale trials with insulin aspart in multiple
injection therapy regimens using one or two daily NPH injec-
tions showed statistically significantly lower HbA1c values
(0.12% and 0.15%) in the aspart group [3,15]. The advantage
in HbA1c of 0.14% seen in the present trial in the insulin aspart
group at 64 weeks is similar to the 0.12% and 0.15% seen in
these earlier trials. Thus, the present study is in agreement with
those trials, although it appears to lack the statistical power to
reach significance in this respect.

Smaller earlier studies using insulin lispro plus basal insulin
supplementation of three or four NPH injections daily showed
0.35–0.43% lower HbA1c values, compared with basal bolus
regimens with human regular insulin [6–10]. In the current
trial, a post hoc analysis did not support these observations.
We did not find a significant difference in HbA1c in those
patients using three or four NPH injections per day at
12 weeks compared with those on one or two NPH injections.
This does not exclude that in well-selected patients three or
four basal insulin injections may be effective in improving
overall glycaemic control by > 0.12–0.15%. However, the
required total daily number of injections may then be difficult
to accept for many patients. Also, the policy of increasing
NPH dosage by 25% in the insulin aspart group, to com-
pensate for the lower early night time insulinaemia in the
aspart group, compared with the human insulin group, may
have failed.

Another possible explanation for the different findings
between our large-scale trial and previous smaller scale studies
is that a larger difference in HbA1c can be attained in patients
that are more intensively coached (daily telephone contact if
needed). Our trial used a large number of treatment centres,
and perhaps as a result is closer to current clinical practice.
Future randomized trials with rapid-acting insulin analogues
as meal-time insulin comparing different modes of basal insu-
lin supplementation, including new long-acting insulin ana-
logues, seem warranted.

Figure 2 Eight-point 24-h glucose profiles at 12 weeks and 64 weeks. 
*P < 0.05; **P < 0.005; ***P < 0.001.
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A possible explanation for the similar hypoglycaemia rate
in both groups could be that increased dosage and number of
NPH injections resulted in a relatively higher hypoglycaemia
rate in the insulin aspart group. This may explain why the ear-
lier benefit of insulin aspart in lowering the hypoglycaemia
event rate was not confirmed in this trial [2,3].

The increased treatment satisfaction seen in the present and
in an earlier trial [15] is remarkable in the light of the ceiling
effect in the WHO-DTSQ measure [16]. Many people rate
their baseline treatment satisfaction so high (27.7 ± 5.9 and
28.3 ± 5.2 in the two treatment groups at baseline in our trial,
on a scale of 0–36) that improvement might seem difficult to
achieve. The DTSQ-change questionnaire, which was devel-
oped in response to this criticism, was not available at the time
of execution of the present trial [17].

A limitation of this large-scale study lies in its multicentre
and multinational character. All centres and nationalities have
their own therapeutic approaches and attitudes, and patient
lifestyles differ between countries. The relatively small number
of patients managed by each investigator limits the local experi-
ence that can be gained in intensification of basal insulin sup-
plementation, particularly as this was required in the insulin
aspart group only. These factors may have diluted possible
advantages for the insulin aspart group, and reduced the
statistical power of the study. This issue is of some importance
for those designing large-scale clinical trials of insulins with
new pharmacodynamic properties in the future.

In conclusion, the present large-scale clinical trial confirmed
improved post-prandial glycaemic control and treatment sat-
isfaction with the use of insulin aspart. A 25% increase in night
time NPH insulin dose and the advice to use additional NPH
injections when the time between injections was > 5 h, resulted
in a similar HbA1c decrement as reported in trials where
human insulin was replaced by insulin aspart using a 1 : 1 ratio
without intensification of basal insulin supplementation. This
does not support routinely basal NPH insulin intensification
when using rapid-acting insulin analogues in daily practice.
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