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This randomised (1:1), multinational, open-labelled, parallel group trial
compared insulin detemir (IDet) with neutral protamine Hagedorn (NPH)
insulin, in combination with mealtime insulin aspart, over 1 yr in subjects aged
2—16 yr with type | diabetes mellitus. Of 348 randomised subjects, 82

(23.6%) were 2—5 yr (IDet: 42, NPH: 40). This article is a descriptive subgroup
analysis of these young children. Baseline characteristics (IDet vs. NPH) were
similar: mean age, 4.3 vs. 4.5 yr; diabetes duration, 2.2 vs. 2.1 yr; males,
42.9vs. 52.5%. Mean haemoglobin Alc (HbA1c) was similar between groups
at baseline (8.2 vs. 8.1%), and changed little over 1 yr (8.1 vs. 8.3%). Fasting
plasma glucose (FPG) was similar at baseline (8.44 vs. 8.56 mmol/L) and
decreased during the study (—1.0 vs. —0.45 mmol/L). A lower rate of
hypoglycaemia was observed with IDet compared with NPH (24-h; 50.6 vs.
78.3 episodes per patient-year; nocturnal hypoglycaemia, 8.0 vs. 17.4 episodes
per patient-year). No severe hypoglycaemic episodes occurred with IDet,
while 3 subjects reported 6 episodes with NPH. Change in weight standard
deviation score standardised by age and gender was —0.17 with IDet and
40.03 with NPH. A slightly lower proportion of subjects in this age group
reported adverse events with IDet than with NPH (69.0 vs. 77.5%). Serious
adverse events were few (5 with IDet, 7 with NPH). In conclusion, long-term
treatment with IDet in children aged 2—5 yr suggested similar glycaemic
control, greater reduction in FPG, lower rates of hypoglycaemia, no
inappropriate weight gain, and fewer adverse events compared with NPH.
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The Diabetes Control and Complications Trial
(DCCT) and other landmark studies have shown that
intensive diabetes management in adults and adoles-
cents results in better glycaemic control and delays the
onset and slows the progression of vascular and neuro-
logical complications (1-4). Studies in preadolescent
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children have also shown that poor glycaemic control
in the young is not harmless and that early intervention
is needed to improve prognosis (5).

Intensive insulin therapy is, however, associated
with an increased risk of hypoglycaemia and weight
gain. The challenge to achieve tight glycaemic control



while reducing the risk of hypoglycaemia is particularly
difficult during early childhood due to behavioural and
social factors (including variable exercise and eating
patterns, dependence on caregivers for injections and
blood tests, diabetes care in day care and schools) and
physiological consequences of growth, particularly the
‘dawn phenomenon’, which is a very significant obsta-
cle to optimising glycaemic control in young children,
particularly on conventional insulin regimes (6). An
ideal treatment would be a physiological, flexible, and
predictable insulin regimen protecting against hypogly-
caemia (7), and inappropriate weight gain. Continuous
subcutaneous insulin infusion is often the most appro-
priate means of achieving this goal in the very young,
but may not be affordable or available, and is not
suitable for all children. However, basal—bolus insulin
therapy using modern basal and rapid-acting ana-
logues has the potential to offer a more physiological
insulin profile, than conventional human insulins, with
improved safety.

Insulin detemir (IDet) is a long-acting, soluble
acylated analogue of human insulin [LysB? (Ne-
tetradecanoyl) des (B30) human insulin] with a
protracted action profile due to the combination of
increased self-association at the injection site and
buffering of insulin concentration via albumin binding
in both the subcutancous tissue and the blood (8). In
adult type 1 diabetes mellitus (TIDM) patients, the
metabolic effect in steady-state condition is constant
over 24 h, whereas a clear peak is observed with neutral
protamine Hagedorn (NPH) insulin after each injection
(effects expressed as glucose infusion rate, GIR).
Duration of action for IDet is dose dependent and
up to 24 h (9, 10). In contrast to NPH human isophane
insulin (11, 12), IDet does not require resuspension
before injection.

Clinical trials in adults with TIDM have shown
that IDet is associated with comparable glycosylated
haemoglobin Alc (HbAlc), less variability in fasting
plasma glucose (FPG), less nocturnal hypoglycaemia,
and less weight gain compared with intermediate-acting
NPH (13-16).

In spite of the importance of optimising diabetes
care in children, particularly the very young, basal
insulin analogues are only approved in children >6
yr. Few comparative randomised clinical trials have
been conducted in this age group comparing these
new analogues with traditional insulins. One of these
studies, a 26-wk trial in children and adolescents (617
yr) with TIDM showed that the treatment with IDet
was associated with a similar glycaemic control, a lower
and more predictable FPG, lower risk of nocturnal
hypoglycaemia, and lower increase in body mass index
(BMI), compared with NPH (17). In children younger
than 6 yr very few studies with basal insulin analogue
therapy have been reported, and none of these have
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been comparative randomised clinical trials (18-20).
Consequently, this study, a multinational, multicentre,
randomised clinical trial, is the first to report efficacy
and safety data in children as young as 2—5 yr (21).

The trial included 82 children aged 2-5 yr old
from 10 European countries. This article presents a
comparison of the efficacy and safety of treatment with
IDet and NPH in this vulnerable age group after 52 wk
of treatment.

Subjects and methods
Subjects

Children with TIDM (n = 82, IDet: 42, NPH: 40)
aged between 2 and 5 yr, diagnosed with TIDM
for a minimum of 12month prior to inclusion,
receiving a total daily insulin dose <2.0 U/kg and
with HbAlc < 11.0%, IDet naive, and with a
maximum BMI < 20kg/m> were recruited from
diabetes clinics at 32 sites in 10 countries (Bulgaria,
the Czech Republic, Finland, France, Hungary,
Macedonia, Poland, the Russian Federation, Turkey,
and the United Kingdom). Children with clinically
significant concomitant diseases or with impaired
renal and hepatic function were not included. The
study was approved by local ethics committees and
health authorities and carried out in accordance
with Good Clinical Practice (22) and the Declaration
of Helsinki (23). Written informed consent was
obtained from all the children’s parents or legal
representatives before any study-related activities. The
trial was registered at ClinicalTrials.gov and carries the
following ID number, NCT00435019.

Study design

In this 52-wk, multinational, open-labelled, ran-
domised (IDet:NPH), two-armed parallel group trial,
IDet and NPH were administered once or twice daily
(according to their pretrial regimen). Both treatment
groups received insulin aspart (IAsp) as bolus insulin
with main meals and large snacks. The trial consisted of
a 2-wk screening period, followed by a 52-wk titration
and treatment period, including a total of 10 scheduled
visits to the clinical trial sites and 8 telephone contacts.
Eligibility was determined at an initial screening visit.
Eligible subjects were allocated to treatment with IDet
or NPH in a 1:1 ratio and randomisation was car-
ried out using a centralised telephone and web-based
randomisation system, the Interactive Voice Response
System (IVRS), and performed within 2 wk after the
screening visit. IDet and NPH are easily distinguish-
able by visual inspection, and as the primary end-point,
HbAlc is not easily biased, an open-labelled study
design was chosen. A double-blind, double-dummy
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technique was considered unnecessarily burdensome
and invasive for the children as each basal injection
would be accompanied by a placebo injection.

Treatment

Children were treated with IDet (Levemir®); Novo
Nordisk A/S, Bagsvaerd, Denmark (100 U/mL) or
NPH (NPH, human isophane insulin®; Novo Nordisk
A/S; 100 IU/mL) once or twice daily, according
to pretrial insulin regimen (once-daily basal insulin;
or twice or more daily basal insulin injections).
Both groups received IAsp (NovoRapid®/NovoLog®;
Novo Nordisk A/S; 100 U/mL) two to four times a day,
with meals and large snacks.

Children started treatment with basal insulin (IDet
or NPH) at a dose equivalent to their pretrial basal
insulin dose. During the treatment period, the basal
insulin dose was adjusted according to plasma glucose
(PG) measurements aiming for a fasting/preprandial
PG target of 4.0—-7.0mmol/L (72-126 mg/dL). Par-
ents/carers were asked to measure PG before breakfast
and dinner on the 3 d prior to each contact and adjust
basal insulin doses according to a simple algorithm
titration guideline (Table 1).

Bolus insulin was to be taken with the meal
aiming for a postprandial PG of 5.0-11.0 mmol/L
(90—-198 mg/dL). Bolus insulin doses were adjusted
according to local practice.

Efficacy measures

The primary end-point of this trial was the level
of HbAlc measured after 52 wk. At screening, a
blood sample for HbAlc was drawn to assess subject
eligibility, and at randomisation, a further sample was
drawn as a baseline value. Blood samples for FPG
were taken at home in the morning at randomisation.
Blood samples for HbAlc and FPG were drawn
approximately every 3 months (after 12, 26, 38, and
52 wk of treatment). Nine-point self-measured plasma
glucose (SMPG) profiles were obtained on a normal
weekday 4-7 d prior to randomisation, and after 26
and 52 wk of treatment. Nocturnal plasma glucose

Table 1. Algorithm for titration of basal insulin dose

(NPG) values were measured at 03 : 00 hours as part of
the 9-point SMPG profile.

Hypoglycaemic episodes were classified according
to International Society for Paediatric and Adolescent
Diabetes (ISPAD) guidelines (24, 25); symptomatic
hypoglycaemic episodes with signs/symptoms were
divided in three grades (mild, moderate, and severe),
with a further category of biochemical hypoglycaemia
(glucose < 3.6 mmol/L, without symptoms). Mild
hypoglycaemic episodes were defined as episodes where
the subjects were able to treat the episode him/herself,
whereas moderate episodes were categorised as
episodes where the subjects were not able to treat the
episode him/herself but responded to oral treatment. In
this age group, a very large proportion of symptomatic
hypoglycaemic events will be defined as moderate or
severe, as young children cannot treat themselves.
Severe hypoglycaemic episodes were defined as
episodes where the subjects were semiconscious,
unconscious, or in coma with or without convulsions.

Body weight

Body weight was measured at all scheduled visits. Body
weight was standardised by standard deviation (SD)
score in order to allow pooling of data from children
of different ages and genders. SD scores were derived
from a British reference population from 1990 (26).
A positive SD score indicates a higher weight level
compared with the population average for a given age.

Safety measures

Standard safety parameters including adverse events
(AEs), haematology, biochemistry, physical examina-
tion, and vital signs were recorded during the trial.
Fundoscopy/fundus photography, physical examina-
tion, and vital signs were evaluated at randomisation
and after 52 wk of treatment. Height measured in cen-
timetres was recorded before treatment and after 26
and 52 wk of treatment and body weight was measured
at all visits.

Current dose <5U

5-15U >15U

Prebreakfast or predinner PG

Adjustment (U)

<4.0mmol/L <72 mg/dL Reduce according to Reduce according to Reduce according to
local practice local practice local practice

4.0-7.0mmol/L 72-126 mg/dL 0 0 0

7.1-10.0 mmol/L 126-180mg/dL +0.5 +1 +2

10.1-15.0mmol/L 181-270mg/dL +1 +2 +4

>15.0 mmol/L >270 mg/dL +1.5 +3 +5

PG, plasma glucose.
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Analytical methods

HbAlc measurements and safety parameters were
analysed centrally by Laboratorium fiir Klinishe
Forschung, Germany. HbAlc was measured by ion-
exchange high-performance liquid chromatography
(HPLC) (Bio-Rad Diamat; Bio-Rad Laboratories,
Hercules, CA, USA) and FPG values were assessed
using a hexokinase method (Gluco-quant®; Roche
Diagnostics GmbH, Mannheim, Germany). SMPG
was measured using a glucose meter (Medisense
Precision Xtra™ or Optimum Plus™; Abbott Diabetes
Care, Delkenheim, Germany). Use of test strips
calibrated to PG values ensured that capillary blood
concentrations were displayed as PG values. Al SMPG
values <3.6mmol/L as well as signs and symptoms
of hypoglycaemia were recorded in patients’ diaries
and included in the analyses of hypoglycaemia. All

Insulin detemir use in young children

blood samples were obtained in the morning before
administration of insulin.

Statistical analysis

The study was designed as an open-labelled trial with
1:1 randomisation. At randomisation, the children
were stratified according to age (age 2—5 and 616 yr).
Owing to the relative low number of children in the
2-5-yr-old subset, the comparison between treatment
with IDet and NPH is based on descriptive statistics.
The rate of hypoglycaemia (the number of episodes per
subject year of exposure) was calculated for nocturnal,
diurnal, and 24-h hypoglycaemic episodes divided
in the categories: all, severe, moderate, mild, and
biochemical. Hypoglycaemic episodes were categorised
as nocturnal if they occurred between 22:00 and
06: 59 hours (inclusive).

Total
Screened 2-16 y
381
4 N
. . Total
Screemgg Failures Randomised 2-16 y
348
- J
Randomised 6-16 y
266
4 N
Randomised 2-5 y
- J
| 1
4 N 1
Randomised: IDet Randomised: NPH
42 (100.0%) 40 (100.0%)
- | J\_ | J
Exposed Full Exposed Full
Analysis Set Analysis Set
42 (100.0%) 40 (100.0%)
o NG J
Withdrawals h 4 Withdrawals
All 1(2.4%) || | Al 1 (2.5%)
Adverse_z Event 1(2.4%) Adverse Event 0 (0.0%)
Ineffective therapy 0 (0.0%) Ineffective therapy 1 (2.5%)
% -
~N 4
Completed | || Completed
41 (97.6%) 39 (97.5%)
J -

Fig. 1. Subject disposition.
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Table 2. Baseline characteristics

Subjects exposed to treatment, N (%)

Detemir 42 (100.0%)

NPH 40 (100.0%)

All 82 (100.0%)

Gender
Female
Male

Race
White
Unknown (%)

Subject by age
2.yr
3yr
4 yr
5yr
Mean age (yr)
Diabetes duration (yr)
BMI (kg/m?)t
HbA1c (%)t
FPG (mmol/L)t
Pretrial daily insulin dose
Basal insulin (U/kg)

Bolus insulin (U/kg)
Premix

24 (57.1%)
18 (42.9%)

40 (95.2%)
2 (4.8%)

8 (19.0%)
9 (21.0%)

11 (26.0%)
14 (33.0%)
43(1.2)

2.2 (1.0)
15.4 (13.1-19.1)
8.2 (1.1)

8.4 (4.9)
0.30 (0.13-0.82)

0.47 (0.12-0.75)
0.88 (0.14-5.75)

19 (47.5%)
21 (52.5%)

37 (92.5%)
3 (7.5%)

16.2 (13.4-19.2)
8.1(1.2)
8.6 (4.1)
0.34 (0.09-2.82)

0.47 (0.02-0.81)
0.50 (0.13-0.77)

43 (52.4%)
39 (47.6%)

77 (93.9%)
5 (6.1%)

11 (13.0%)
19 (23.0%)
23 (28.0%)
29 (35.0%)

4.4 (1.1)
2.1(0.9)

15.7 (13.1-19.2)

8.2 (1.1)
8.5 (4.5)
0.32 (0.09-2.82)

0.47 (0.02-0.81)
0.73 (0.13-5.75)

BMI, body mass index; FPG, fasting plasma glucose; HbA1c, haemoglobin A1c; NPH, neutral protamine Hagedorn.

Numbers are N (%), mean (SD), or median (range).

*The five children of unknown ethnic origin are all from France, where it is illegal to register race.
tHbA1c, FPG, weight, and BMI recorded at or before randomization.

Results
Demographics

A total of 381 children were screened in the study (21),
of which, 33 failed to meet all the selection criteria,
the majority due to an HbAlc > 11% (Fig. 1). Three
hundred and forty-eight (23.6%) children entered the
trial of which 82 children were 2—5 yr old. Of these,
one child withdrew from the IDet group due to an
AE, and one, from the NPH group, due to ineffective
therapy.

Baseline characteristics were similar between
treatment groups (Table 2), except that the proportion
of girls in the IDet group (57.1%) was slightly higher
than in the NPH group (47.5%). The majority of the
young children were on a basal—bolus insulin regimen
before the trial. Most children used an insulin regimen
with two basal and three bolus injections daily (36% of
subjects in the [Det group and 53% in the NPH group)
or a regimen with one basal and three bolus injections
daily (26% of subjects in the IDet group and 15% in
the NPH group). The others received premixed insulin
alone or in combination with basal and/or bolus insulin
preparations.
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Glycaemic control

Mean HbAlc over the course of the 52-wk treatment
period for the 2—5-yr-old children was stable in both
treatment groups (Fig. 2A) (IDet: HbAlc 8.2% at
baseline vs. 8.1% at 1 yr; NPH: HbAlc 8.1% at baseline
vs. 8.3% at 1 yr). Observed mean FPG levels decreased
in both groups from baseline to end of trial (IDet:
—1.00 mmol/L and NPH: —0.45 mmol/L), but the effect
was greater in those receiving IDet (Fig. 2B).

In both treatment groups, the observed mean 9-point
SMPG profile values decreased and the profile became
flattened during the trial. The observed mean prebreak-
fast SMPG level at the end of the profile was lower with
IDet than with NPH (Fig. 2C). Observed mean NPG
(03:00 hours) decreased slightly in the IDet group but
did not change in the NPH group.

More subjects in the IDet group (47.6%) than in
the NPH group (35.0%) reached the prebreakfast PG
target [4.0—7.0mmol/L (72—126 mg/dL)] during the
trial, while the predinner target was reached by a
similar proportion of children in both groups (IDet:
21.4% vs. NPH: 22.5%). The NPG target was achieved
by similar proportions of children (IDet: 90.5% and
NPH: 85.0%).

Pediatric Diabetes 2011: 12: 632-641
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8.4 -~ NPH

Baseline 12 24 36 52
Weeks

9.0 -&- IDet
-~ NPH

FPG (mmol/L)
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Time point

Fig. 2. Change in mean glycosylated haemoglobin Alc (HbAlc) (A),
fasting plasma glucose (FPG) (B), and 9-point self-measured plasma
glucose (SMPG) (C) over time.

The total median daily insulin dose per kilogram
body weight was similar in the two treatment groups
after 52 wk. As would be expected in growing children,
median daily doses of IDet and NPH increased during
the trial. The ratios (IDet/NPH) of the median daily
insulin doses at the end of trial were 1.09 (0.47/0.43
U/kg) for basal insulin and 1.05 (0.50/0.48 U/kg) for
bolus insulin. At baseline, 14 children were on a once
daily IDet regimen and at the end of trial this was
reduced to 9 children.

Hypoglycaemic episodes

The percentage of children with hypoglycaemic
episodes was similar between treatments, but chil-
dren treated with IDet had fewer episodes than those

Pediatric Diabetes 2011: 12: 632-641
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treated with NPH. Two thousand seventy-two hypo-
glycaemic episodes were reported for 40 (95%) children
with IDet and 3050 episodes for 39 (98%) children
with NPH. No severe hypoglycaemic episodes were
reported in the IDet group, whereas six episodes
(in three subjects) were reported for NPH (Table 3).
The mean rate (episodes per patient-year of expo-
sure) of hypoglycaemia was lower with IDet for total
hypoglycaemic events (50.6vs. 78.3), and nocturnal
(22:00-06:59 hours) episodes (8.0vs. 17.4) (Fig. 3;
Table 3).

Mean SD score of body weight

The observed mean weight SD score at baseline was
lower with IDet than with NPH, and decreased slightly
with IDet compared with a slight increase in the NPH
group during the trial. Change in observed mean weight
SD score standardised by age and gender was —0.17
with IDet and 0.03 with NPH (Fig. 4).

Adverse events

A slightly lower proportion of subjects reported AEs
with IDet than with NPH (69.0vs. 77.5%). None of
these events were severe with IDet and the majority was
considered unlikely related to trial product, whereas
three severe events (in three children) were reported for
NPH. The rate (the number of events/1000 exposure
years) of AEs with IDet (2949) was lower than with
NPH (4324).

Five serious adverse events (SAEs) were recorded for
five (12%) children in the IDet group and seven SAEs
were recorded for six (15%) children in the NPH group.
The rate of SAEs was lower with IDet (122/1000 expo-
sure years) compared with NPH (179/1000 exposure
years). The most common SAEs were infections (gas-
troenteritis) and gastrointestinal disorders (dyspepsia)
in both treatment groups. Furthermore, one case of
T1DM inadequate control was reported in the IDet
group and two cases of hypoglycaemic unconscious-
ness were reported in the NPH group. No deaths were
reported in this trial.

Discussion

To our knowledge this is the first randomised trial using
IDet for treatment of children with TIDM younger
than 6 yr old. Although no formal statistical analyses
have been made between the two treatment groups
due to the low number of subjects, the descriptive
statistics presented in this article provide important
information on the efficacy and safety of treatment
with IDet and NPH in this age group, where very lim-
ited data is available. The results from the trial showed
that glycaemic control measured by mean HbAlc was
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Table 3. Summary of all hypoglycaemic episodes

|Det NPH
N (%) E R N (%) E R

All 24-h episodes

Severe 24h 0 0 0 0.0 3 8 6 0.2

Moderate 24 h 17 40 239 5.8 16 40 562 14.4

Mild 24 h 28 67 519 12.7 27 68 980 25.1

Biochemical 24 h 37 88 1314 32.1 36 90 1502 38.5
All nocturnal

Severe nocturnal 0 0 0 0.0 2 5 3 0.1

Moderate 7 17 38 0.9 8 20 57 1.5

nocturnal

Mild nocturnal 13 31 63 1.5 20 50 193 5.0
Biochemical 24 57 228 5.6 24 60 424 10.9

nocturnal

%, percentage of subjects; E, the number of episodes; IDet, insulin detemir; N, the number of subjects; NPH, neutral

protamine Hagedorn; R, episodes per subject year of exposure.

o 100-

E Bl [Det
o 804 1 NPH
T

o

(7]

2 60-

Q2

£ 40

©

o

>

o 204

: III{___
o

>

I 0-

All Diurnal

Fig. 3. The mean rate of hypoglycaemic episodes. Nocturnal:
22:00-06:59 hours.

Nocturnal

- |Det

-©- NPH
0.554

0.45-
0.35-
0.25-
0.15-
0.05-

-0.05

SD-score of Body Weight

T
Baseline 12 24 36 52
Weeks

Fig. 4. Change in mean weight SD score over time.

similar with IDet and NPH. However, IDet was asso-
ciated with a lower mean FPG, a lower rate of overall
and nocturnal hypoglycaemia, a decreasing weight SD
score, and fewer AEs compared with NPH. The 9-point
SMPG profile values decreased similarly from baseline
to end of trial with IDet and NPH. However, the mean
prebreakfast SMPG level at the end of the profile
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tended to be lower with IDet than with NPH, and
also mean NPG over time had a slight net decrease in
the IDet group compared with no change in the NPH
group.

These results are in line with the results for the
trial as a whole where the results are based on
formal statistical analyses (21), as well as with previous
findings in adults (27, 28), and from a previous children
study comparing treatment with IDet and NPH (17).
However, the results from the total group (21) showed
that HbAlc increased slightly with both IDet and
NPH. This increase was, however, largely attributable
to suboptimal glycaemic control in the subgroup
of adolescents aged 13—-16 yr, and may partly be
explained by the influence of puberty with hormonal
changes, growth, variable exercise and eating patterns,
and the psychological burdens of adolescence (7, 21,
29). Importantly, no severe nocturnal hypoglycaemia
was observed in the IDet group, a finding which was
replicated in the study as a whole (21), implying that it
would be possible to further reduce HbAlc by a more
aggressive IDet titration. However, it is important to
bear in mind that this study was not a treat-to-target
design.

As would be expected in growing children, the
median daily doses of both IDet and NPH increased
during the trial for the 2—5 yr olds.

The rates of all 24-h hypoglycaemic episodes and
all nocturnal hypoglycaemic episodes were lower with
IDet than with NPH. These results corresponded with
both the result of the group as a whole (21) and
with previous findings in adults (27, 28), while only a
lower rate of all nocturnal hypoglycaemic episodes was
reported in the previous paediatric trial (17). However,
the definition of hypoglycaemic episodes in this trial
is based on the updated ISPAD guideline (21, 22)
and differs from the previously used definition, so the
findings are not directly comparable.

Pediatric Diabetes 2011: 12: 632-641



The safety results from the trial showed that the
overall rate of AEs was lower with IDet compared to
NPH, and fewer SAEs were reported with IDet than
with NPH. The difference in SAEs was primarily due
to the fewer hypoglycaemic episodes reported as SAEs
with IDet compared to NPH. There was no difference
between subjects treated with IDet and NPH with
respect to exposure, clinical laboratory values, and vital
signs. No deaths or episodes of diabetic ketoacidosis
were reported in this subset and the fundoscopy/fundus
photography examinations were normal in all these
children. Overall, these findings are in line with the
results of the total group (21).

As with the total group (21), the weight SD score
after 1 yr was lower with IDet than with NPH, indicat-
ing that weight returned towards the mean value for the
reference population instead of increasing inappropri-
ately. However, the actual difference in weight SD score
between IDet and NPH was not clinically significant.
The lower weight SD score with IDet corresponds to the
lower BMI reported in the previous trial in children (17)
and is consistent with the general observation of less
weight gain in adults treated with IDet in compari-
son with other basal insulins. As accurate and detailed
growth standards were not available in all 10 par-
ticipating countries, British standards (26) were used.
These standards allow very accurate calculation of SD
scores, as data are available for monthly time intervals
and gender. This was not the case for other available
population data. Although the derivation of the SD
scores was based on growth curves from one specific
country, the difference between the treatment arms is
independent.

There is little experience with basal insulin analogue
treatment in children with TIDM below 6 yr of age,
and only very few trials have been performed in this age
group. Three non-randomised clinical trials including
very young children have been reported (18—20).
A prospective 6-month study including 80 patients
aged 2-19 yr, including 14 children younger than
6 yr old receiving insulin glargine once daily plus
regular human insulin or rapid analogue before meals,
showed that the average HbAlc level dropped in the
preschool children without increasing the number of
severe episodes of hypoglycaemia (18). In addition, in
a study of 71 children and adolescents (including 9
children younger than 7 yr old), it was also shown that
HbAlc levels improved and hypoglycaemic episodes
decreased (19). Furthermore, a recent study comparing
diabetes control in children younger than 6 yr (n = 10)
using basal/bolus regimen showed that insulin glargine
and rapid-acting analogues resulted in an overall
control comparable to treatment with NPH insulin
plus regular and/or rapid-acting analogues. Insulin
glargine and rapid-acting analogues decreased episodes
of symptomatic hypoglycaemia, and resulted in lower
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fasting glucose (20). This study is in line with the
present trial although it only included a very limited
number of patients (n = 10) compared with the 82
children in the present trial.

Intensive insulin therapy in adults has been shown
to reduce the complications of TIDM; however, this
was at the cost of high rates of hypoglycaemia and
inappropriate weight gain (30, 31), leading to cau-
tion in extending intensive insulin therapy to children,
especially to the very young. This study has shown
the practicality and safety of basal-bolus insulin
therapy, even in this age group. An ideal insulin reg-
imen in very young children should be flexible, while
protecting against hypoglycaemia and inappropriate
weight gain. IDet, in combination with a rapid-
acting insulin analogue, would appear to address these
requirements.

In conclusion, the present study indicates that IDet
is as safe and efficacious as NPH for the treatment
of 2—5-yr-old children with TIDM. Children treated
with IDet appeared to have less hypoglycaemia, less
undesirable weight gain, and fewer AEs than children
treated with NPH. However, a large-scale confirmatory
trial is necessary to corroborate the results from this
subanalysis of 2—5-yr-old children.

Acknowledgements

We thank all patients and their parents. Furthermore, we
would like to thank the following investigators and their co-
workers for their participation in this study: Bulgaria: Associate
Professor Kalinka Kopriavarova; Professor Valentina Tzaneva;
Associate Professor Chayka Petrova; Czech Republic: Professor
Jan Lebl, MD; Jitrenka Venhacova, MD; Barbora Cervickova,
MD; Finland: Dr. Riitta Veijola; Dr. Timo Talvitie; Dr. Paula
Piekkala; Dr. Marja-Terttu Saha; Dr. Tuula Héarkonen; Dr.
Pekka Ahonen; France: Professor Jean-Jaques Robert; Dr.
Nicole Ser; Professor Régis Coutant; Dr. Fabienne Dalla-
Vale; Hungary: Laszlo Madacsy, MD; Laszlo Barkai, MD;
Macedonia: Professor Dr. Zoran Gucev; Polen: Ewa Pankowska,
MD, PhD; Izabela Rogozinska, MD, PhD; Mieczyslaw Szalecki,
MD, PhD; Malgorzata Mysliwiec, MD, PhD; Stanislaw
Pawelczak, MD; Professor Elzbieta Piontek; Russia: Dr. E.
Petraikina; Professor E. Kasatkina; Dr. Bashina; Turkey:
Professor Dr. Hulya Gunoz; Professor Dr. Ece Bober; Professor
Dr. Iffet Bircan; UK: Professor David Dunger; Dr. Stephen
Greene; Professor Timothy Barrett; Dr. Amalia Mayo-Garcia.
Finally, we thank Irene Vejgaard Serensen (Novo Nordisk A/S)
for assistance in preparing this article.

Conflict of interest

This study was supported financially by Novo Nordisk
A/S, Denmark, who was also responsible for the design,
conduct, analysis, and reporting of the study with
input from the authors. All authors were involved in
the preparation and approval of the manuscript in
collaboration with Novo Nordisk. N. T. has received
fees for speaking and consulting from Novo Nordisk

639



Thalange et al.

A/S.

L. C.H. and J. L. are employed by and hold stock

in Novo Nordisk A/S.

References

1.

10.

11.

12.

13.

640

. The

. The

. DE Beaurort CE, BrumNING GJ,

WanG PH, LaulJ, CHaLMERSs TC. Meta-analysis of
effects of intensive blood-glucose control on late
complications of type I diabetes. Lancet 1993: 341:
1306-1309.

Diabetes Control and Complications Trial
Research Group. The absence of a glycemic threshold
for the development of long-term complications: the
perspective of the Diabetes Control and Complications
Trial. Diabetes 1996: 45: 1289-1298.

REICHARD P, NiLssoN BY, RosenQvist U. The effect
of long-term intensified insulin treatment on the
development of microvascular complications of diabetes
mellitus. New Engl J Med 1993: 329: 304-309.
Diabetes Control and Complications Trial
Research Group. The effect of intensive treatment
of diabetes on the development and progression of
long-term complications in insulin-dependent diabetes
mellitus. New Engl J Med 1993: 329: 977-986.

. AMIN R, WIDMER B, PREvOST AT et al. Risk of microal-

buminuria and progression to macroalbuminuria in a
cohort with childhood onset type 1 diabetes: prospective
observational study. BMJ 2008: 336: 697-701.

Home PD,
HoutzaGgers CM, VaN SR. Overnight metabolic
profiles in very young insulin-dependent diabetic
children. Eur J Pediatr 1986: 145: 73-76.

LubvigssoN J, BoLL1 GB. Intensive insulin treatment
in diabetic children. Diabetes Nutr Metab 2001: 14:
292-304.

. HaveLunp S, PLum A, RiBEL U et al. The mechanism

of protraction of insulin detemir, a long-acting, acylated
analog of human insulin. Pharm Res 2004: 21:
1498-1504.

DANNE T, DATZ N, ENDAHL L et al. Insulin detemir is
characterized by a more reproducible pharmacokinetic
profile than insulin glargine in children and adolescents
with type 1 diabetes: results from a randomized,
double-blind, controlled trial. Pediatr Diabetes 2008:
9: 554-560.

DaNNE T, LUPKE K, WALTE K, VoN SW, GaLL MA.
Insulin detemir is characterized by a consistent
pharmacokinetic profile across age-groups in children,
adolescents, and adults with type 1 diabetes. Diabetes
Care 2003: 26: 3087-3092.

Heise T, Nosek L, RonN BB et al. Lower within-subject
variability of insulin detemir in comparison to NPH
insulin and insulin glargine in people with type 1
diabetes. Diabetes 2004: 53: 1614-1620.

JEHLE PM, MicHELER C, JEHLE DR, BREeITic D,
Boenm BO. Inadequate suspension of neutral protamine
Hagendorn (NPH) insulin in pens. Lancet 1999: 354:
1604-1607.

DE Leeuw I, VAGUE P, SELAM JL et al. Insulin detemir
used in basal-bolus therapy in people with type 1
diabetes is associated with a lower risk of nocturnal
hypoglycaemia and less weight gain over 12 months
in comparison to NPH insulin. Diabetes Obes Metab
2005: 7: 73-82.

14.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

HermanseN K, FontaNe P, Kukonia KK,
PeTERKOVA V, LETH G, GALL MA. Insulin analogues
(insulin detemir and insulin aspart) versus traditional
human insulins (NPH insulin and regular human
insulin) in basal-bolus therapy for patients with type 1
diabetes. Diabetologia 2004: 47: 622—629.

. HoME P, BARTLEY P, RUSSELL-JONES D et al. Insulin

detemir offers improved glycemic control compared
with NPH insulin in people with type 1 diabetes:
a randomized clinical trial. Diabetes Care 2004: 27:
1081-1087.

RusseLL-JoNEs D, SiMpsoN R, HYLLEBERG B,
DRAEGER E, BOLINDER J. Effects of QD insulin detemir
or neutral protamine Hagedorn on blood glucose con-
trol in patients with type I diabetes mellitus using a
basal-bolus regimen. Clin Ther 2004: 26: 724-736.
ROBERTSON KJ, SCHOENLE E, GUCEV Z, MORDHORST L,
GALL MA, LupvigssoN J. Insulin detemir compared
with NPH insulin in children and adolescents with type
1 diabetes. Diabet Med 2007: 24: 27-34.

CoLino E, Lorez C, GoLmMAaYO L, ALVAREZ MA,
ALONSO M, BaRrrIO R. Therapy with insulin glargine
(Lantus®) in toddlers, children and adolescents with
type 1 diabetes. Diabetes Res Clin Pract 2005: 70: 1-7.

. HatHout EH, FusnsHIGE L, GEACH J, ISCHANDAR M,

Maruo S, Mace JW. Effect of therapy with insulin
glargine (lantus) on glycemic control in toddlers,
children, and adolescents with diabetes. Diabetes
Technol Ther 2003: 5: 801-806.

CoGeN F, HENDERSON C, GUTTMANN-BAUMANN 1.
Basal/bolus regimen using insulin glargine and rapid-
acting insulin analogs in children under 6 years of age:
a clinical experience in a large urban practice. Diabetes
2004: 53 (Suppl. 2): A420.

THALANGE N, BEREKET A, LARSENJ, CONRADSEN
HiorT L, PETERKOVE V. Comparison of insulin detemir
and NPH insulin in children and adolescents (2—16
years) with TIDM: a 52-week randomized clinical trial.
Diabetologia 2009: 52 (Suppl.1): S387.

International Conference on Harmonisation. ICH
Harmonised Tripartite Guideline: Guideline for Good
Clinical Practice E6 (R1), Step 4. 1996.

WMA. World Medical Association Declaration of
Helsinki: ethical principles for medical research
involving human patients, 52nd WMA General
Assembly, Edinburgh, Scotland, October 2000 and last
amended with note of clarification on paragraph 29 by
the WMA General Assembly 2002 Washington.
ISPAD Guidelines. (available from http://www.
diabetesguidelines.com/health/dwk/pro/guidelines/
ISPAD/ispad.asp).

CLARKE W, Jones T, REWERS A, DUNGER D,
KriNnGensMITH GJ. Assessment and management of
hypoglycemia in children and adolescents with diabetes.
Pediatr Diabetes 2008: 9: 165—174.

CotLE TJ, FREEMAN JV, PREECE MA. British 1990 growth
reference centiles for weight, height, body mass index
and head circumference fitted by maximum penalized
likelihood. Stat Med 1998: 17: 407-429.

BARTLEY PC, BOGOEV M, LARSEN J, PHILOTHEOU A.
Long-term efficacy and safety of insulin detemir
compared to neutral protamine Hagedorn insulin in
patients with type 1 diabetes using a treat-to-target
basal-bolus regimen with insulin aspart at meals: a

Pediatric Diabetes 2011: 12: 632-641



28.

29.

2-year, randomized, controlled trial. Diabet Med 2008:
25:442-449.

VAGUE P, SELAM JL, SKEIE S et al. Insulin detemir is
associated with more predictable glycemic control and
reduced risk of hypoglycemia than NPH insulin in
patients with type 1 diabetes on a basal-bolus regimen
with premeal insulin aspart. Diabetes Care 2003: 26:
590-596.

AMIEL SA, SHERWIN RS, SIMONSON DC, LAURITANO AA,
TAMBORLANE WV. Impaired insulin action in puberty.

Pediatric Diabetes 2011: 12: 632-641

30.

31.

Insulin detemir use in young children

A contributing factor to poor glycemic control in
adolescents with diabetes. N Engl J Med 1986: 315:
215-219.

CARLSON MG, CaMmPBELL PJ. Intensive insulin therapy
and weight gain in IDDM. Diabetes 1993: 42:
1700-1707.

CrYER PE. Hypoglycaemia: the limiting factor in the
glycaemic management of type I and type II diabetes.
Diabetologia 2002: 45: 937-948.

641



