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Abstract

Aims/hypothesis. The aim of the trial was to compare
the efficacy and tolerability of two types of basal-bolus
therapy, using either the soluble long-acting basal insu-
lin analogue, insulin detemir, in combination with the
rapid-acting analogue, insulin aspart, or NPH insulin in
combination with mealtime regular human insulin.
Methods. In this 18-week, 1:1 randomised, open-la-
belled, parallel trial, 595 patients with Type 1 diabetes
mellitus received insulin detemir or NPH insulin in the
morning and at bedtime in combination with mealtime
insulin aspart or regular human insulin respectively.
Results. Glycaemic control with insulin detemir/insu-
lin aspart was improved in comparison with NPH in-
sulin/regular human insulin (HbAc: 7.88% vs 8.11%;
mean difference: —0.22% point [95% CI: —0.34 to
—0.10]; p<0.001). Self-measured 8-point plasma glu-
cose profiles differed between the groups (p<0.001),
with lower postprandial plasma glucose levels in the
insulin detemir/insulin aspart group. Within-person
day-to-day variation in plasma glucose was lower

with insulin detemir/insulin aspart than with NPH in-
sulin/regular human insulin (SD: 2.88 vs 3.12 mmol/l;
p<0.001). Risk of overall and nocturnal hypogly-
caemia (23.00-06.00 hours) was, respectively, 21%
(p=0.036) and 55% (p<0.001) lower in the insulin de-
temir/insulin aspart group than in the NPH insu-
lin/regular human insulin group. Body weight (adjust-
ed for baseline and change in HbA c) was 1 kg lower
with insulin detemir/insulin aspart than with NPH in-
sulin/regular human insulin (p<0.001).
Conclusions/interpretation. Basal-bolus therapy using
insulin detemir/insulin aspart offers a better balance of
control and tolerability than with NPH insulin/regular
human insulin. The low variability and more physio-
logical action profiles generated with these insulin
analogues resulted in improved glycaemic control
with lower risk of hypoglycaemia and no concomitant
body weight increase.

Keywords Glycaemic control - Hypoglycaemia -
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Introduction

The Diabetes Control and Complications Trial and
other landmark studies [1, 2, 3] have shown that tight
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metabolic control can reduce the incidence of, and de-
lay the development of, late complications in patients
with Type 1 diabetes mellitus. However, intensive in-
sulin therapy is associated with increased risk of day-
time and nocturnal hypoglycaemia, which has been
attributed to the pharmacodynamic properties of tradi-
tional human insulin preparations [4].

Intermediate and long-acting human insulin prepa-
rations, such as NPH insulin, have pronounced insulin
peaks 5 to 7 hours after injection, resulting in in-
creased risk of nocturnal hypoglycaemia and a dura-
tion of action that is too short to maintain glycaemic
control throughout the night [5]. Furthermore, the dos-
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ing precision with NPH insulin is often highly vari-
able due to inadequate resuspension [6, 7]. Regular
human insulin injected at mealtimes has a slower
onset and a more prolonged action than endogenous
insulin, and consequently the combination of these
human insulins results in high postprandial blood glu-
cose excursions and risk of hypoglycaemia between
meals and overnight [8].

Insulin analogues have been developed to enable
patients with diabetes mellitus to achieve near-normal
glucose levels. First, rapid-acting insulin analogues
such as insulin aspart were developed to mimic the
normal mealtime insulin response more closely than
injection of regular human insulin, and thereby to im-
prove postprandial glycaemic control. This advantage,
together with a reduced risk of hypoglycaemic
episodes, has been demonstrated in several studies [9,
10, 11, 12]. However, the short duration of action of
these analogues means that they contribute little to the
between-meal basal insulin level, so patients are often
obliged to increase the dose of their basal preparation.
As conventional human-insulin-based basal insulins
have less than ideal pharmacokinetic properties, it has
been suggested that the full benefits of rapid-acting
analogues would not be realised until improved basal
preparations became available [12]. Recently, long-
acting insulin analogues such as insulin detemir have
been developed to more accurately reproduce the
physiological basal insulin profile.

Insulin detemir is a long-acting insulin analogue
that is soluble at neutral pH. It is an acylated deriva-
tive of human insulin [LysB29(/Ne-tetradecanoyl)
des(B30) human insulin], which by a combination of
increased self-association and albumin binding con-
tributes to a protracted action, providing a more repro-
ducible absorption and a prolonged action profile [13].
In several multicentre trials in which similar bolus in-
sulin preparations were used for therapy groups, treat-
ment with insulin detemir resulted in predictable gly-
caemic control with less day-to-day variation and
fewer hypoglycaemic episodes than with NPH insulin
[14, 15, 16].

Thus, individually, both rapid- and long-acting ana-
logues have been shown to have clinical advantages
over their traditional human insulin counterparts. The
aim of this trial, therefore, was to bring together these
respective components to compare a combination of
the two analogues with conventional human insulin in
basal-bolus therapy for patients with Type 1 diabetes
mellitus.

Subjects, materials and methods

Design. Altogether, 64 investigational sites in Europe partici-
pated in this open-labelled parallel trial, which consisted of a
6-week titration period and a 12-week maintenance period.
The patients enrolled were randomised to a treatment regimen
with insulin detemir or NPH insulin in the morning and at bed-

time in combination with insulin aspart or regular human insu-
lin at mealtimes respectively.

Subjects. In total, 644 patients with Type 1 diabetes mellitus
were screened. Of these, 46 patients failed screening, the ma-
jority not meeting the inclusion and exclusion criteria. Inclu-
sion criteria for entering the trial were as follows: age >18
years, duration of diabetes =12 months, BMI <35 kg/mZ2,
HbA ¢ <12%, total daily insulin dose <1.4 U/kg, and current
treatment with any basal-bolus insulin regimen or biphasic in-
sulin treatment for at least 6 months. Exclusion criteria includ-
ed proliferative retinopathy requiring acute treatment, impaired
renal or hepatic function, severe cardiac problems, uncon-
trolled hypertension, recurrent major hypoglycaemia, allergy
to insulin, history of drug or alcohol dependence, pregnancy,
and breast-feeding. The trial was approved by the local ethics
committees and health authorities, and was carried out in ac-
cordance with Good Clinical Practice guidelines (International
Conference of Harmonisation) and the Declaration of Helsinki.
Written informed consent was obtained from all patients before
any trial-related activity.

Procedures. Enrolled patients were randomised to one of two
groups receiving twice-daily basal insulin treatment (in the
morning and at bedtime) of either insulin detemir (100 U/ml;
Novo Nordisk, Bagsvaerd, Denmark) or NPH insulin
(100 U/ml; Human isophane insulin; Novo Nordisk). In addi-
tion, to add meal-related bolus insulin to the regimens, patients
randomised to the insulin detemir treatment group received in-
sulin aspart immediately before meals (100 U/ml; Novo-
Rapid/Novo Log; Novo Nordisk), while patients randomised to
the NPH insulin group received regular human insulin 30 min
before meals (100 U/ml; Actrapid; Novo Nordisk). Patients
were continually advised during visits throughout the trial to in-
ject regular human insulin 30 min before meals, and insulin as-
part immediately before meals, but formal compliance was not
recorded. Basal and bolus insulin were administered as subcuta-
neous injections in the thigh and abdomen respectively. All trial
products were administered using a NovoPen 3.0 (Novo
Nordisk). To reduce the risk of hypoglycaemia when patients
were transferred from NPH insulin to insulin detemir, and to
avoid bias with respect to optimal titration between treatments,
the basal insulin (insulin detemir or NPH insulin) starting dose
was 70% of the person’s previous total basal insulin dose. Pa-
tients transferring from a once-daily regimen were advised to
split the basal insulin dose according to local practice or to split
the dose to between 25 and 30% in the morning and 70 and
75% at bedtime. At the same time they were asked to decrease
the bolus insulin dose by about 25%. Patients transferred from
biphasic insulin were advised to calculate their equivalent NPH
dose and start titration on 70% of this dose.

During the 6-week titration period, patients received in-
struction on the use of a glucose meter, and basal insulin doses
were individually titrated towards predefined plasma glucose
targets (pre-breakfast and pre-dinner: 5.7-7.3 mmol/l). In the
following weeks, optimisation of the dose ratio between basal
and bolus insulin treatment was carried out and the patients
were titrated towards plasma glucose targets of 5.7 to
7.3 mmol/l fasting/preprandial and 8.5 to 10.1 mmol/l post-
prandial (90 min after a meal).

HbA ¢ was recorded at trial entry (randomisation) and after
12 and 18 weeks of treatment. Fasting, pre-lunch and pre-din-
ner self-measured plasma glucose levels on four normal week-
days within the last week of treatment were also recorded. Fur-
thermore, the patients performed two 8-point plasma glucose
profiles in the week before trial entry and during the last week
of treatment.
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All hypoglycaemic episodes and adverse events during the
trial period were recorded. Hypoglycaemic episodes were clas-
sified as major (requiring assistance to treat), minor (plasma
glucose measurement <3.1 mmol/l) or symptoms only (no
plasma glucose measurement or plasma glucose =3.1 mmol/l).

Body weight was recorded at trial entry and after 18 weeks
of treatment. The sites were advised to calibrate the scale ev-
ery 3 months.

Analytical methods. HbA,c (reference range of assay:
4.3-6.1%; coefficient of variation: <2.0%) was measured by
ion exchange HPLC (Bio-Rad Diamat; Bio-Rad Laboratories,
Hercules, Calif., USA) [17]. The HbA,c measurements were
analysed centrally (Laboratorium fiir Klinische Forschung,
Raisdorf, Germany). All patients measured plasma glucose us-
ing a glucose meter (Precision Xtra; MediSense, Abbott Labo-
ratories, Abbott Park, I1l., USA).

Statistical analyses. The sample size was determined based on
a two-sided 7 test on a 5% significance level. Assuming an SD
for HbA ¢ of 1.2%, a true difference in HbA c of 0.3% (abso-
lute) and a drop-out rate of 10%, 281 patients in each treatment
group were needed to achieve a power of 80%. A routine test
for baseline imbalance was not performed, as this was not
statistically appropriate [18].

The primary endpoint, HbA c level after 18 weeks of treat-
ment, was analysed by an ANOVA model with treatment,
country and baseline HbA,c (at randomisation) as fixed ef-
fects. Country was included in the model to take into account
possible differences between the regions. Country was chosen
instead of centre due to some centres having a relatively small
number of patients. Furthermore, it was considered reasonable
to assume that eating patterns and insulin administration pat-
terns would be similar within countries. As the change in
HbA c cannot be calculated by direct subtraction of raw base-
line values from model-based 18-week values, it was estimated
by the same model as for the primary endpoint. This ensured
consistency between the two analyses. Within-person day-to-
day variation in plasma glucose (fasting, pre-lunch and pre-
dinner) was compared between the two treatment groups using
a mixed model. The 8-point plasma glucose profiles were anal-
ysed by repeated measures ANOVA. To estimate the relative
risk of hypoglycaemia, all hypoglycaemic episodes occurring
during the maintenance period (the last 12 weeks of treatment)
were analysed as recurrent events by a Cox regression analysis
using a gamma frailty model. Nocturnal episodes (23.00 to
06.00 hours) were analysed separately. Differences in body
weight between treatment groups after 18 weeks of treatment
were analysed using an ANOVA model with treatment group
and country as fixed effects, and change in HbA ¢ from base-
line to end of treatment as well as body weight at baseline as
covariates. A similar analysis was carried out with change in
body weight from baseline to end of treatment as the endpoint,
and with body weight at baseline as an additional covariate.
Adverse events were evaluated by summary statistics.

Analyses were based on the intention-to-treat analysis set,
where all patients are randomised and exposed to at least one
dose of either trial product. A p value of less than 0.05 was
considered statistically significant. Statistical analyses were
performed using SAS version 8.0 on a Unix platform (SAS In-
stitute, Cary, N. C., USA) and S-plus for Windows version
6.03.
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Results

A total of 598 patients were randomised and 595 were
exposed to trial products. Of these, 298 were exposed
to insulin detemir/insulin aspart and 297 were exposed
to NPH/regular human insulin. In the insulin de-
temir/insulin aspart group 289 patients (97%) com-
pleted the trial; in the NPH/regular human insulin
group 286 patients (95.3%) completed the trial. A to-
tal of 23 patients withdrew during the trial, nine pa-
tients in the insulin detemir/insulin aspart group (five
owing to adverse events, two owing to non-compli-
ance and two for other reasons), and 14 patients in the
NPH/regular human insulin group (one owing to ad-
verse events, four owing to ineffective therapy, three
owing to non-compliance and six for other reasons).
Baseline characteristics were similar between treat-
ment groups except for a slightly higher HbA c level
and a slightly lower fasting plasma glucose level in
the insulin detemir/insulin aspart group compared
with the NPH/regular human insulin group (Table 1).
All but one person were of European extraction.

Glycaemic control. Mean HbA c was significantly
lower in the insulin detemir/insulin aspart group than
in the NPH/regular human insulin group after 18
weeks of treatment (7.88% vs 8.11%, p<0.001; Ta-
ble 2). Change in HbA ¢ from baseline (at randomisa-
tion) to the end of treatment was —0.50% point in the
insulin detemir/insulin aspart group compared with
—0.28% point in the NPH/regular human insulin group
(Fig. 1). Fasting plasma glucose tended to be lower
with insulin detemir/insulin aspart than with NPH/reg-
ular human insulin after 18 weeks of treatment, but
this was not statistically significant (7.58 mmol/l vs
8.10 mmol/l, p>0.05; Table 2).

Self-measured 8-point plasma glucose profiles dif-
fered between treatment groups (p<0.001) and a
smoother and more stable profile with lower postpran-
dial plasma glucose levels was observed with insulin
detemir/insulin aspart (Fig. 2). After 18 weeks of
treatment, approximately 50% of the patients in both
treatment groups had reached the fasting and prepran-
dial target (5.7-7.3 mmol/l).

The day-to-day within-person variation in plasma
glucose, based on self-measured plasma glucose dur-
ing four normal weekdays within the last week of
treatment, was significantly lower with insulin de-
temir/insulin aspart than with NPH/regular human in-
sulin (Table 3).

Insulin doses. After 18 weeks of treatment, the mean
daily dose of basal insulin was 32.1 U (0.44 U/kg) of
insulin detemir versus 28.2 U (0.38 U/kg) of NPH in-
sulin. The mean daily dose of bolus insulin was
26.4 U (0.36 U/kg) in the insulin detemir/insulin as-
part group versus 26.3 U (0.35 U/kg) in the NPH/reg-
ular human insulin group. At the end of the trial, the
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Table 1. Baseline characteristics for the Type 1 diabetes mellitus patients receiving treatment

Insulin detemir /insulin aspart

NPH insulin /regular human insulin

(n=298) (n=297)

Sex

Male 183 (61.4) 193 (65.0)
Female 115 (38.6) 104 (35.0)
Mean age (years) 38.8 (13.5) 39.3(12.9)
Mean weight (kg) 73.5 (11.4) 74.2 (12.2)
Mean BMI (kg/m?2) 24.8 (3.0) 24.9 (3.2)
Mean duration of diabetes (years) 15.4 (10.1) 15.1 (10.4)
Mean HbA ¢ (%) at randomisation? 8.48 (1.12) 8.29 (1.19)
Mean fasting plasma glucose® (mmol/l) 8.83 (4.31) 9.17 (4.07)
Mean basal insulin dose (U) 24.2 (11.0) 24.5 (11.3)
Mean bolus insulin dose (U) 28.5 (12.3) 27.8 (13.3)
No. of patients with >1 basal insulin injection/day® 169 (56.7) 179 (60.3)

Data are means (SD), or number (%); 2 Baseline raw data; b Derived from the 8-point plasma glucose profiles obtained before trial

entry; ¢ Including premix injections

Table 2. Measures of efficacy after 18 weeks of treatment in 595 patients

Insulin det/insulin asp NPH/RHI Differenced 95% CI p value
Glycaemic control
HDbA c (%)~ 7.88 (0.05) 8.11 (0.05) -0.22 [-0.34 to —0.10] <0.001
Fasting plasma glucose (mmol/)® 7.58 (0.19) 8.10 (0.20) -0.52 [-1.06 to 0.01] >0.05
Daily insulin dose
Basal (U) 32.1 28.2 - - -
Basal/kg body weight (U/kg) 0.44 0.38 - - -
Bolus (U) 26.4 26.3 - - -
Bolus/kg body weight (U/kg) 0.36 0.35 - - -
Body weight
Absolute weight (kg)© 73.0 (0.14) 74.1 (0.14) —1.01 [-1.37 to —0.66] <0.001
Change in weight (kg)° —0.95 (0.14) 0.07 (0.14) —-1.01 [-1.37 to —-0.66] <0.001

Data are means, or means (SE); asp, aspart; det, detemir; RHI,
regular human insulin; @ HbA,c is adjusted for baseline and
country; b Derived from the 8-point plasma glucose profiles
obtained after 18 weeks of treatment; © Body weight is adjust-

Hypoglycaemia
(episodes/person-year)

Change in HbAc (% point)

-0.75 -

ed for baseline and change in HbAc, i.e. absolute weight and
change in weight yield the same difference, CI and p value;
d (Insulin detemir/insulin aspart—~NPH insulin/regular human
insulin)

60 - Ovwerall Nocturnal
48.2
0] 871
20 4
9.2
4.0
0  ETFAVRRERERD ,

Risk reduction=55%

1
*%

Risk reduction=21%
[ I
*

Fig. 1. Change in HbA c and hypoglycaemic episodes with insulin detemir/insulin aspart (ll) and NPH/regular human insulin (LJ).

Data are means, or means + SE. *p=0.036, **p<0.001
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mean daily basal insulin dose was split between ap-
proximately 40% at breakfast and 60% at bedtime in

both treatment groups.

Hypoglycaemic episodes. The occurrence of hypogly-
caemic episodes per person-year was significantly

12.0 4

10.0

Plasma glucose (mmol/l)
o
o
1

6.0
BD D90 Bed

Time point

BB B90 BL L90 03:00

Fig. 2. 8-point plasma glucose profiles for insulin detemir/in-
sulin aspart (@) and NPH insulin/regular human insulin ([J).
Data are means + 2SE. BB, before breakfast; B90, 90 min after
breakfast; BL, before lunch; .90, 90 min after lunch; BD, be-
fore dinner; D90, 90 min after dinner; Bed, bedtime
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lower in the insulin detemir/insulin aspart group than
that in the NPH/regular human insulin group, both
overall and during the night (Fig. 1). The risk of hypo-
glycaemia was 21% lower in the insulin detemir/insu-
lin aspart group than that in the NPH/regular human
insulin group with an estimated relative risk of 0.79
(p=0.036; Table 4). The risk of overall nocturnal and
major nocturnal hypoglycaemia was, respectively,
55% lower (p<0.001; Table 4) and 83% lower
(p=0.008; Table 4) in the insulin detemir/insulin aspart
group than that in the NPH/regular human insulin
group with estimated relative risks of 0.45 and 0.17
respectively. Similar results were achieved when data
were adjusted for HbA ;¢ (data not shown).

Body weight. A significant difference was observed in
mean body weight between the two treatment groups
after 18 weeks of treatment (p<0.001; Table 2). Ad-
justed for baseline and change in HbA,c, the mean
body weight was 1 kg lower in the insulin detemir/in-
sulin aspart group than in the NPH/regular human in-
sulin group (p<0.001; Table 2).

Adverse events. Adverse events were equally dis-
tributed between treatments: 141 patients (47.3%) in
the insulin detemir/insulin aspart group experienced at
least one adverse event compared with 139 patients
(46.8%) in the NPH/regular human insulin group. Se-

Table 3. Within-person variation in plasma glucose measured during the last week of treatment in 595 patients

Insulin detemir/insulin aspart NPH insulin/regular human insulin p value
Mean plasma glucose (mmol/l)  SD (CV%) Mean plasma glucose (mmol/l) SD (CV%)
Fasting 7.80 2.60 (33.4) 8.34 3.04 (36.4) <0.001
Pre-lunch 7.34 2.61 (35.6) 7.35 2.82 (38.4) 0.014
Pre-dinner 8.30 2.87 (34.6) 791 3.06 (38.7) 0.037
Overall 7.81 2.88 (36.9) 7.87 3.12 (39.6) <0.001

CV, coefficient of variance

Table 4. Hypoglycaemia during the last 12 weeks of treatment

Insulin detemir/insulin aspart

NPH insulin/regular human

[Insulin detemir/insulin aspart]/

insulin [NPH insulin/regular human insulin]

n (%) Events n (%) Events Relative risk ~ 95% CI p value
Hypoglycaemia (24 h)
All 219 (75.0) 2497 238 (82.9) 3192 0.79 [0.63 to 0.98] 0.036
Major 19 (6.5) 40 18 (6.3) 45 0.89 [0.35 to 2.22] 0.796
Minor 202 (69.2) 1780 222 (77.4) 2282 0.79 [0.62 to 0.99] 0.045
Symptoms only 121 (41.4) 677 148 (51.6) 865 0.79 [0.56 to 1.12] 0.182
Nocturnal hypoglycaemia (23.00-06.00 hours)
All 113 (38.7) 271 173 (60.3) 608 0.45 [0.35 to 0.58] <0.001
Major 3 (1.0) 4 12 4.2) 24 0.17 [0.04 to 0.63] 0.008
Minor 98 (33.6) 196 142 (49.5) 427 0.46 [0.35to 0.61] <0.001
Symptoms only 41 (14.0) 71 72 (25.1) 157 0.46 [0.30 to 0.71] <0.001
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rious adverse events occurred in twelve and seven pa-
tients respectively. Five patients in the insulin de-
temir/insulin aspart group and one person in the
NPH/regular human insulin group withdrew due to ad-
verse events. Three of the events (hyperglycaemia,
allergic reaction and injection site reaction) in the in-
sulin detemir/insulin aspart group were considered to
be related to the trial product. One person treated with
NPH/regular human insulin died due to a lung tumour
during the trial. The event was judged unlikely to be
related to the trial products.

Discussion

This trial showed that the combination of the insulin
analogues, insulin detemir and insulin aspart, provides
significantly better HbA,c values than NPH/regular
human insulin, and that treatment with these ana-
logues is associated with lower risk of hypoglycaemia
in patients with Type 1 diabetes mellitus. In addition,
administration of insulin detemir/insulin aspart result-
ed in more predictable plasma glucose levels with sig-
nificantly lower day-to-day variation than NPH/regu-
lar human insulin and no concomitant body weight in-
crease.

It is widely accepted that the traditional insulins
used in basal-bolus therapy, NPH and regular human
insulin, do not accurately reproduce the physiological
insulin profile seen in non-diabetic people. For this
reason, the combination of insulin detemir and insulin
aspart, both exhibiting more physiological insulin pro-
files than NPH and regular human insulin [11, 13],
was chosen to compare with the traditional basal-
bolus regimen. Furthermore, both insulin aspart and
insulin detemir have demonstrated certain clinical im-
provements over regular human insulin and NPH insu-
lin respectively [9, 10, 11, 12, 14, 15, 16]. Therefore,
it was hypothesised that the combination of these two
insulin analogues in basal-bolus therapy would realise
the potential of each, and demonstrate significant clin-
ical advantages over an NPH and regular human insu-
lin regimen. Despite possible bias to the results, an
open-labelled trial design was chosen because insulin
detemir, a clear solution, and NPH insulin, a cloudy
suspension, are easily distinguishable from each other.
This design also allowed the mealtime insulins to be
administered in line with their individual recommen-
dations. A double-blind, double-dummy technique in-
volving twice the number of injections was considered
impractical, unethical and potentially hazardous for
the subjects.

The patients in both treatment groups experienced a
decrease in HbA c level during the trial with a signifi-
cant difference of —0.22% point between patients
treated with insulin detemir/insulin aspart and patients
treated with NPH/regular human insulin after 18
weeks of treatment. Based on the DCCT study [1],

Pickup et al. [19] calculated that the absolute risk re-
duction for sustained progression in retinopathy asso-
ciated with a difference in HbAc of 0.5% was ap-
proximately 0.5 cases per 100 patient-years. Maintain-
ing a difference in control of 0.22% for 10 years
would, according to this assumption, reduce the num-
ber of patients developing retinopathy by about 2 to
3%. Importantly, the improvement observed with
treatment using insulin analogues is associated with a
clear reduction in hypoglycaemic events and a small
weight reduction; in contrast, optimised metabolic
control in the DCCT study was associated with a con-
siderable increase in hypoglycaemia and a weight in-
crease [1].

Recent basal-bolus trials with rapid-acting insulin
analogues and NPH have shown significant improve-
ments in postprandial glucose control [9, 10, 20], but
these improvements only translated into small im-
provements in HbA,c. This suggested that optimisa-
tion of the basal insulin supply by the use of basal in-
sulin analogues could lead to further improvements in
glycaemic control [21, 22]. In the current trial and ear-
lier studies, insulin detemir has been shown to have a
smooth time—action profile, meeting patients’ basal
insulin requirements [13, 14]. This profile as well as
the improved overall and postprandial glycaemic con-
trol obtained in this trial indicates that the combina-
tion of insulin detemir and insulin aspart provides
near-normal insulin profiles, demonstrating the advan-
tages of these new insulin analogues. Clinical trials
conducted with insulin detemir have shown that clini-
cal experience and familiarity with the time-action
profile of the substances are necessary to take full ad-
vantage of the insulin analogues.

This study is the first large-scale multicentre trial to
show that combination of the insulin analogues, insu-
lin detemir and insulin aspart, in addition to a signifi-
cant improvement in HbAc, provides a lower risk of
hypoglycaemia than NPH/regular human insulin treat-
ment. The risk of hypoglycaemia is the primary obsta-
cle to achieving tight metabolic control in intensive
insulin treatment of patients with Type 1 diabetes mel-
litus and hypoglycaemia (especially at night). This is
indeed the most feared adverse event among diabetes
mellitus patients and medical staff in relation to insu-
lin treatment [23, 24]. The DCCT documented that
during intensive insulin treatment, each 10% reduc-
tion in HbA ¢ resulted in a 26% increase in the risk of
severe hypoglycaemia, i.e. events requiring assistance
(1]

In earlier trials, lower risk of hypoglycaemia with
insulin detemir than with NPH has been observed with
comparable HbAc or blood glucose levels [14, 15].
This trial has shown that it is indeed possible to lower
the risk of hypoglycaemia at the same time as improv-
ing glycaemic control. It is likely that the combination
of rapid- and long-acting insulin analogues produces a
more physiological insulin secretion and thereby re-
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duces the risk of hypoglycaemia. The reduced risk of
hypoglycaemia is also likely to be related to the more
stable and predictable plasma glucose levels observed
with insulin detemir/insulin aspart treatment as indi-
cated by the lower day-to-day variability in plasma
glucose. The lower fasting plasma glucose levels in
the analogue group may also be expected to provide a
platform that would facilitate blood glucose control
for the remainder of the day, with fewer peaks and
fluctuations than in the NPH/regular human insulin
group.

Variability in plasma glucose levels is one of the
limiting factors in determining safe plasma glucose
targets with human insulins such as NPH [6, 25]. The
lower within-person variability in plasma glucose lev-
els (fasting, pre-lunch and pre-dinner) observed with
insulin detemir/insulin aspart may be an important ad-
vantage, as a more predictable plasma glucose re-
sponse will make titration towards more ambitious
plasma glucose targets safer and more obtainable.
This trial has proven that because patients can more
accurately predict their glycaemic response to an in-
jection, they can aim for tighter glycaemic targets
without the worry of increasing their risk of hypogly-
caemia.

The patients enrolled were titrated according to
predefined plasma glucose targets (5.7-7.3 mmol/Il
fasting and preprandial; 8.5-10.1 mmol/l postprandi-
al), but not all patients met the predefined targets after
18 weeks of treatment. In general, patients adminis-
tered a lower proportion of the daily basal insulin dose
in the morning than at bedtime. Insulin detemir has
been demonstrated to have a duration of action of 20
hours at a dose of 0.4 U [13], and there seems to be
scope for further increasing the basal insulin morning
dose or the lunchtime prandial insulin dose to improve
glucose control in the afternoon or evening (Fig. 2) to
meet the later preprandial glucose targets. Recent
studies with rapid-acting insulin analogues such as in-
sulin aspart used in basal-bolus regimens suggest that
these have the ability to reduce hypoglycaemia in pa-
tients with Type 1 diabetes mellitus, and that the
greatest benefit is observed in patients with tight gly-
caemic control [22]. Owing to the lower within-person
day-to-day variation in plasma glucose, further titra-
tion against the predefined targets could therefore lead
to even more pronounced benefits for patients treated
with insulin detemir/insulin aspart in terms of fewer
hypoglycaemic episodes. On the contrary, titration to-
wards tight plasma glucose targets with human in-
sulins usually results in more frequent hypoglycaemic
episodes [1].

As expected, the basal insulin dose in this study
was higher in the analogue group due to the different
bolus insulins. Prior to inclusion in the trial, around
45% of patients received one basal insulin dose in
combination with mealtime rapid-acting insulin injec-
tions. This was deemed intensified insulin therapy, as
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no precise definition of this exists. Rapid-acting insu-
lin analogues contribute less to the basal insulin pro-
file, as they have a shorter duration of action than reg-
ular human insulin, and therefore the basal insulin
dose must often be increased to compensate. This has
been demonstrated in large-scale studies [9, 10]. Ex-
cessive weight gain has been identified as a major
concern with long-term intensive therapy of Type 1
diabetes mellitus [26]. In this trial, a significantly low-
er mean body weight was observed in the insulin de-
temir/insulin aspart group than in the NPH/regular hu-
man insulin group after 18 weeks of treatment. This
finding is consistent with findings from other trials
with insulin detemir [14, 16]. The reason for the dif-
ference in weight development is likely to be a differ-
ence in food intake, probably due to less defensive
snacking in the insulin detemir/insulin aspart group,
related to the lower variability in plasma glucose and
the reduced risk of hypoglycaemic episodes. Future
trials may be required to focus on the potential clinical
benefits and impacts of this favourable weight devel-
opment with insulin detemir.

In conclusion, the combination of the insulin ana-
logues, insulin detemir and insulin aspart, is a promis-
ing type of basal-bolus therapy in the future treatment
of diabetes mellitus. The low variability and more
physiological action profiles associated with these in-
sulin analogues result in improved glycaemic control
with lower risk of hypoglycaemia and no concomitant
body weight increase.
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