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Obesity does not influence the unique pharmacological
properties of different biphasic insulin aspart preparations
in patients with type 2 diabetes
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Aim: To investigate the influence of obesity in type 2 diabetic patients upon pharmacological properties of different biphasic preparations of
insulin aspart.
Methods: A total of 75 type 2 diabetic patients were stratified according to their body mass index (BMI) into 40 non-obese (BMI 23–28 kg/m2)
and 35 obese (BMI 30–35 kg/m2) subjects. The trial was a double-blinded crossover study. In two periods of 4 weeks each the patients
received subcutaneous injections of biphasic insulin aspart 50 (BIAsp 50) or biphasic insulin aspart 70 (BIAsp 70) thrice daily in random order.
Insulin doses were titrated individually. At the end of each period 24-h serum profiles of insulin aspart, C-peptide and glucose were recorded.
The primary endpoint was the area under the curve of serum glucose concentration during 24 h (AUCGlu(0–24 h)).
Results: The insulin concentration profiles of BIAsp 50 and 70 were as expected according to the content of protamine-bound insulin aspart
(50 and 30% respectively). AUCGlu(0–24 h) BIAsp 50/BIAsp 70 ratios were 0.97 (95% CI: 0.90–1.05, p = 0.49) for non-obese and 0.98 (95% CI:
0.92–1.05, p = 0.55) for obese. Fasting serum glucose (FSG) BIAsp 50/BIAsp 70 ratios were 0.90 (95% CI: 0.84–0.96, p = 0.002) for non-obese
and 0.90 (95% CI: 0.84–0.97, p = 0.006) for obese. During both treatment regimens the frequency of minor hypoglycaemic episodes was
highest for the non-obese group.
Conclusions: The pharmacokinetic and pharmacodynamic characteristics of the two preparations of biphasic insulin aspart were different;
however, they were not influenced by the degree of obesity in type 2 diabetic patients.
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Introduction
In type 2 diabetes, optimised glycaemic control prevents or
delays development of especially microvascular complications
in non-obese and obese subjects [1–3]. Progressive pancreatic
B-cell failure in type 2 diabetes ultimately renders lifestyle
changes and oral glucose-lowering agents insufficient to
maintain tight glycaemic control and insulin treatment will
frequently be required [4–6]. The first choice is often either
an injection of intermediate-/long-acting basal insulin or
injection with premix biphasic insulin preparations as a
supplement to oral glucose-lowering agents [6–9]. There is
no consensus as to which insulin preparation should be the
firs choice [10–13]. However, the increased emphasis upon
controlling postprandial glucose excursion has prompted the
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use of biphasic insulin preparations [14,15]. Thus, premixed
insulin represents about 40% of the world market in human
insulin [16].

The development of biphasic insulin aspart 70 (BIAsp
70: 70% rapid-acting insulin aspart and 30% intermediate-
acting protamine-bound insulin aspart) and biphasic insulin
aspart 50 (BIAsp 50: 50% insulin aspart and 50% protamine-
bound insulin aspart) was aimed at providing premixed insulin
analogues that mimic the endogenous serum insulin profile of
healthy subjects when given at meals [17]. BIAsp 70 thrice
daily have been compared to similar BIAsp 50 regimens,
but without testing for differences between subgroups of
type 2 diabetic patients [18]. However, as all injected insulin
formulations initially are stored in subcutaneous (s.c.) tissue,
there are inherent problems with absorption as regards onset
of action, peak action, effective duration and variability;
although improvements have been made for the different
insulin analogues [19,20]. One of the main contributors to
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insulin properties, beside the insulin preparations themselves,
is the vascularisation of the s.c. layer, which can be very different
in thickness among patients [21]. A positive correlation has
been found between s.c. blood flow and the rate of s.c. insulin
absorption [22].

Our hypothesis was that whether a subject was obese or not
could influence the absorption of the injected premixed insulin
and the individual need [23]. If better glycaemic control was
obtained with either BIAsp 70 or 50 thrice daily in subject
subgroups based on body mass index (BMI), it might be
possible to give recommendations on which premixed ratio
should be used, based on the BMI of the subject.

Thus, the purpose of this study was to compare the effects
of thrice-daily injections of BIAsp 70 and BIAsp 50 on the 24-h
pharmacokinetic and pharmacodynamic profiles in non-obese
and obese subjects with type 2 diabetes.

Methods
Patients

Seventy-five patients stratified as 40 non-obese (all Caucasians
except one of Asian origin, eight female and 32 men) and
35 obese subjects (all Caucasians, 14 female and 21 men)
participated in the study. Their baseline characteristics (the
exposed subjects at screening 1 week before the first treatment
period) are shown in table 1.

Inclusion criteria were age 30–75 years, BMI of 23–28 kg/m2

(non-obese) or 30–35 kg/m2 (obese), diagnosed with type 2
diabetes according to World Health Organisation classification
(since 1999) for at least 6 months and glycated haemoglobin
(HbA1c)≤9.0%. The patients should have stable glycaemic
control on any insulin injection regimen and the doses of s.c.
injected insulin should remain unchanged for at least 1 month
before the study and be in the range of 0.3–1.8 U/kg per day.

Exclusion criteria included patients with BMI >28 kg/m2

and <30 kg/m2, any systemic concomitant medication
influencing glycaemic control, chronic kidney disease (serum
creatinine ≥150 μmol/l), abnormal liver function tests (alanine
aminotransferase or alkaline phosphatase ≥2 times the upper
reference limit), severe cardiac insufficiency (New York Heart
Association III or IV) or unstable angina/myocardial infarction
within the last 12 months, uncontrolled hypertension (systolic
blood pressure ≥180 and/or diastolic blood pressure ≥110
mmHg), planned or existing pregnancy, and any other clinically
significant concomitant disorder.

Table 1. Mean ± s.d. characteristics (summary) for the 75 exposed
patients with type 2 diabetes at baseline.

Non-obese Obese

Patients exposed (number) 40 35
Age (year) 59.5 ± 8.8 61.3 ± 6.9
Weight (kg) 79.4 ± 8.5 94.9 ± 10.7
BMI (kg/m2) 26.3 ± 1.4 32.1 ± 1.6
Duration of type 2 diabetes (years) 11.1 ± 5.9 12.2 ± 5.5
HbA1c (%) 7.4 ± 0.9 7.6 ± 0.9
Total daily dose of insulin (U/kg) 0.30 ± 0.20 0.36 ± 0.27

Study Design

The trial was a stratified, randomised, double-blinded,
two-period crossover study performed at the Department
of Endocrinology and Diabetes and the Department of
Endocrinology and Metabolism, Aarhus University Hospital,
Aarhus, Denmark. The local Ethical Committee and the Danish
Medicines Agency approved the trial protocol. The study was
conducted in accordance with the Declaration of Helsinki
2000 and by the principles of Good Clinical Practice. Written
informed consent from all the patients was obtained before
enrolment in the study.

Patients were stratified according to their BMI prior to
randomisation; 23–28 kg/m2 in the non-obese group and
30–35 kg/m2 in the obese group. The trial comprised a run-in
period of 1 week and two treatment periods of 4 weeks. Between
the treatment periods there was no washout period.

In the first treatment period the patients were randomised
to either thrice-daily s.c. injections of BIAsp 50 or BIAsp
70 (both Penfill® 3 ml, 100 IU/ml, Novo Nordisk A/S,
Bagsvaerd, Denmark), whereas they were treated with the
opposite treatment regime in the second treatment period.
The total daily dose when starting each treatment period was
equal to the dose the subject received when entering the trial
(the day prior to the first treatment period), thus the same
individual starting dose was used in both treatment regimens
for each subject. The total dose was divided into three doses
of trial insulin injected just before breakfast (approximately
30%), lunch (approximately 30%) and dinner (approximately
40%). The percentage given in the parentheses indicate the
recommended starting ratio [23].

In both treatment periods the daily insulin doses and the
ratios of daily dose between meals were individually titrated
(visits and regular phone contacts between the investigational
site and the subjects) to achieve optimal doses according to
the glycaemic response. The patients were instructed to inject
s.c. with a 8-mm needle (NovoFine® 30 G, Novo Nordisk
A/S, Bagsvaerd, Denmark) just before their three main meals
each day, using the same region (abdominal wall preferably or
thigh) for BIAsp 50 and BIAsp 70. The target for self-monitored
(standard plasma calibrated GlucoMeter) preprandial plasma
glucose levels was 5.0–7.2 mmol/l and for 1–2 h postprandial
peak plasma glucose levels <10 mmol/l [24].

At the end of each 4-week treatment period the patients were
admitted to the Department of Endocrinology and Diabetes
for 24-h profile days. Subjects were told not to have significant
changes in daily eating habits within the last week before
these profile days. Within the last 24 h before each profile day
subjects were not allowed intake of more than two alcohol
units or strenuous exercise, and were withdrawal from the
profile day if they had any acute conditions judged to be
relevant by the investigator. Subjects fasted from 23:00 hours
the night before each profile day. On profile days the subject
administrated the trial insulin within 5 min before eating
individually standardised meals at approximately 8:05, 13:05
and 18:05 hours. Subjects were allowed to choose between three
types of standard meals, which were most like what they would
have had at home. The meals had the exact same amount and
content of fat, carbohydrate and protein on both profile days.
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Also, activities were standardised individually in the clinic.
During the 24-h profile days, serum insulin aspart, C-peptide
and glucose were recorded with regular intervals, monitoring
especially around meals (figure 1). For safety reasons, bedside
glucose monitoring was performed (standard plasma calibrated
GlucoMeter) before and 90 min after each meal, at 22:00 and
2:00 hours, and in the event of hypoglycaemic symptoms.

Hypoglycaemic episodes were defined as (i) symptomatic
only if plasma glucose ≥3.1 mmol/l or the episode was not
confirmed by plasma glucose measurement; (ii) minor if plasma
glucose <3.1 mmol/l without hypoglycaemic symptoms or if
the patient was able to treat the episode without assistance;
and (iii) major if plasma glucose <3.1 mmol/l and the patient
required intravenous glucose infusion.

Laboratory Assessments

Serum insulin aspart was measured by means of an immune
assay specific for insulin aspart: Serum insulin aspart enzyme-
linked immunosorbent assay (ELISA) (Capio Diagnostik A/S,
Copenhagen, Denmark). Serum C-peptide was also measured
by a validated ELISA method (Capio Diagnostik A/S). Serum
glucose were analysed using a standardised enzymatic glucose
oxidase method (Capio Diagnostik A/S).

Statistical Analyses

Twenty-eight subjects were required in each of the two
BMI groups to detect a difference >15% between the area
under the curve of serum glucose concentration during 24 h
(AUCGlu(0 – 24 h)) with s.d. = 0.25 between the two insulin
treatment regimens with a power of 80% and a significance
level of 5% (two-sided alpha). Calculating with a dropout
frequency of 15%, and expected non-evaluable profiles of three
subjects, a total of 36 subjects where needed in each BMI group.
This required a total of 72 subjects for the study.

Two analyses populations were defined; the efficacy and
the safety population. The efficacy population included all
randomised and exposed patients who had at least one evaluable
24-h serum glucose profile. This included 39 patients (one
withdrawal) in the non-obese group and 33 (two withdrawals)
in the obese group. The safety population included all 75
randomised and exposed patients.

No run-in trial treatment or washout period was included
before or between the two treatment periods, as the half-life of
insulin is very short (for the longest acting insulin formulations
effective duration of approximately 1 day) compared to the
duration of each treatment period (4 weeks). Thus, any carry-
over effect from previous treatment period was not considered
to affect the resulting profiles recorded on the last day of
each treatment period. Further, the doses when starting each
treatment period needed to be equal to the doses each subject
entered the trial with in order to minimize a possible period
effect.

Mean values were summarised. The AUCGlu(0 – 24 h) was
calculated by the trapezoid method, log-transformed, and
analysed using an analysis of variance (ANOVA) model with
an overall mean, a fixed treatment effect, a fixed effect of
period, a random subject effect, and a measurement error.

The effect of treatment was tested using a two-sided test and
a significance level of 5%. The analysis was performed for
non-obese and obese subjects, separately. The other efficacy
endpoints were analysed in the same manner, except that the
effect of treatment was tested with a significance level of 1%.
The safety endpoints were only summarised.

All statistical analyses were produced using SAS® software,
version 8.2.

Results
Insulin Doses

Total daily doses and mean doses of BIAsp 50 vs. BIAsp 70 at
breakfast, lunch and dinner respectively, were not significantly
different in the non-obese group (table 2). Likewise, in the
obese group, the corresponding doses were not significantly
different. Moreover, table 2 indicates more than twice as high
total mean doses of both premixed insulin analogues in both
BMI groups compare to the baseline values (table 1).

Twenty-Four-Hour Insulin Aspart and C-Peptide
Concentrations

Figure 1 upper panel illustrates 24-h mean serum insulin aspart
profiles after thrice-daily injections with BIAsp 50 or 70 in the
two BMI groups. Serum insulin aspart levels were higher in
the 4 h after meals (area under the curve of serum insulin
concentration, AUCIns(0 – 4 h)) for BIAsp 70 compared with
BIAsp 50 in both BMI group, but only for the obese this was
significant at all three meals (for all p < 0.01). The opposite was
true during the night (22:00–8:00), where the insulin aspart
levels (AUCIns(22 – 8 h)) were highest for BIAsp 50 in both BMI
group, but only significant for the non-obese (p = 0.003).

Figure 1, middle panel shows the corresponding mean serum
C-peptide profiles.

Twenty-Four-Hour Glucose Concentrations

Figure 1 lower panel demonstrates the resulting overall 24-h
mean serum glycaemic control for treatment with BIAsp 50 vs.
BIAsp 70 in the two BMI groups. The AUCGlu(0 – 24 h) BIAsp
50/BIAsp 70 ratio was 0.97 (95% CI: 0.90–1.05) for the non-
obese group (p = 0.49). The AUCGlu(0 – 24 h) BIAsp 50/BIAsp
70 ratio was 0.98 (95% CI: 0.92–1.05) in the obese group
(p = 0.55).

During the day (8:00–22:00), both insulin regimens resulted
in similar glucose control measured as AUCGlu(8 – 22 h) BIAsp
50/BIAsp 70 ratio in the non-obese (p = 0.77) and the
obese group (p = 0.44). During the night (22:00–8:00),
BIAsp 70 provided higher mean glucose values measured as
AUCGlu(22 – 8 h) BIAsp 50/BIAsp 70 in the non-obese group
(p = 0.02), but not in the obese group (p = 0.78).

Fasting Serum Glucose

Figure 1 and table 3 shows that the mean fasting serum glucose
(FSG) values at the end of the 24-h profiles were high for
both insulin treatment regimes in both BMI groups. The FSG
BIAsp 50/BIAsp 70 ratio was 0.90 (95% CI: 0.84–0.96) for
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Figure 1. Mean 24-h serum insulin aspart, C-peptide and glucose profiles by treatment (BIAsp 50 and 70 thrice daily) and strata (non-obese and obese)
in the end of each treatment period. ( ) Non-obese treated with BIAsp 50; ( ) Non-obese treated with BIAsp 70; ( ) Obese treated with BIAsp 50; ( )
Obese treated with BIAsp 70.
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Table 2. Mean ± s.d. insulin doses by meal (summary) and p values of the BIAsp 50/BIAsp 70 ratios (ANOVA) at profile days in the end of each treatment
period.

Non-obese Obese

BIAsp 50 BIAsp 70 BIAsp 50/70 p value BIAsp 50 BIAsp 70 BIAsp 50/70 p value

Breakfast (U/kg) 0.28 ± 0.10 0.30 ± 0.12 0.09 0.31 ± 0.11 0.32 ± 0.12 0.25
Lunch (U/kg) 0.17 ± 0.08 0.17 ± 0.08 0.67 0.25 ± 0.10 0.24 ± 0.11 0.21
Dinner (U/kg) 0.23 ± 0.10 0.24 ± 0.10 0.70 0.29 ± 0.11 0.30 ± 0.12 0.33
Total daily (U/kg) 0.68 ± 0.24 0.71 ± 0.23 0.07 0.84 ± 0.31 0.87 ± 0.33 0.55

Table 3. Mean FSG ± s.d. (summary) and p values of the BIAsp 50/BIAsp 70 ratios (ANOVA) at the end of the 24-h profiles in the end of each treatment
period.

Non-obese Obese

BIAsp 50 BIAsp 70 BIAsp 50/70 p value BIAsp 50 BIAsp 70 BIAsp 50/70 p value

FSG (mmol/l) 10.9 ± 4.3 12.1 ± 5.0 0.002 9.3 ± 2.6 10.5 ± 3.6 0.006

Table 4. Numbers (frequency) of hypoglycaemic episodes by classification
at profile days in the end of each treatment period.

Non-obese Obese

BIAsp 50 BIAsp 70 BIAsp 50 BIAsp 70

Symptoms
only
(number)

105 (33%) 95 (33%) 86 (57%) 85 (47%)

Minor
(number)

217 (67%) 191 (67%) 65 (43%) 94 (53%)

Major
(number)

0 1 0 0

All (number) 322 (100%) 287 (100%) 151 (100%) 179 (100%)

the non-obese group (p = 0.002). Similar, the FSG BIAsp
50/BIAsp 70 ratio was 0.90 (95% CI: 0.84–0.97) in the obese
group (p = 0.006) (table 3).

Safety. Table 4 summarises the numbers and frequency of
hypoglycaemic episodes by classification at the profile days.
Subjects experiencing at least one episode of hypoglycaemia,
ranged from 79% of subjects during treatment with BIAsp 50
in the obese group to 90% of subjects whilst on treatment with
BIAsp 70 in the non-obese group. For both insulin treatments
and in both BMI groups, the vast majority of hypoglycaemic
episodes occurred during daytime. No safety concerns were
raised, as assessed by the incidence of hypoglycaemic episodes
and adverse events.

Discussion
Overall the obese group of patients with type 2 diabetes had
higher 24-h mean serum insulin aspart levels than the non-
obese group with type 2 diabetes (figure 1), reflecting the
higher daily insulin doses used in the obese subjects (table 2).
Moreover, even though we try to mimic everyday life in
the more heterogeneous population of patients with type 2
diabetes, the pharmacokinetic profiles of BIAsp 50 and 70
were as expected according to a previous pharmacokinetic trial

in patients with type 1 diabetes [25]. In both non-obese and
obese subjects, treatment with BIAsp 70 thrice daily resulted in
higher postprandial mean serum insulin aspart concentrations
than BIAsp 50 thrice daily. The opposite was seen during
the night, and BIAsp 50 provided the highest mean serum
insulin aspart levels during the night hours (after 3:00) in the
obese group (figure 1). These findings can be explained by
the higher content of the rapid-acting insulin aspart in BIAsp
70 and of the intermediate-acting protamine-bound insulin
aspart in BIAsp 50, as insulin parts in mixed preparations are
preserved [25–27].

There was no difference in overall 24-h daily mean glycaemic
control after thrice-daily BIAsp 50 vs. thrice-daily BIAsp 70 in
non-obese and obese subjects with type 2 diabetes respectively.
To our knowledge this is the first time to be shown in a clinical
set-up. It was a reflection of the similar mean glucose profiles
during daytime, whereas, treatment with both insulin regimens
resulted in higher mean serum glucose levels during night
hours (after 2:00) in the non-obese group compared with the
obese group (figure 1). Again, this reflected the higher insulin
doses used during the day in the obese subjects, especially
at lunch and dinner (table 2). However during night-time,
there was only a significant difference between the insulin
regimens in the non-obese group with BIAsp 70 providing
higher mean glucose values than BIAsp 50. This may be because
of more preserved insulin sensitivity in non-obese than in obese
subjects [28,29].

In general, FSG was high with both treatments and in both
BMI groups (figure 1) [24]. Treatment with BIAsp 70 resulted
in significantly higher FSG levels compared with BIAsp 50 in
both BMI strata as expected from the different proportion
of intermediate insulin in the mixtures (table 3). Overall, the
suboptimal insulin delivery during the last part of the night,
indicating the need for a higher ratio of prolonged insulin in
the evening, such as, for example, BIAsp 30, for night-time
glycaemic control [18,23,30].

The selected BMI criteria for the two strata were chosen
in an attempt to develop guidelines for use of BIAsp 50
and BIAsp 70 in non-obese and obese patients with type
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2 diabetes. The 4-week treatment periods allowed for near
optimal titration of the two insulin regimes when balanced
by hypoglycaemic episodes. The latter probably explains why
the targets for glycaemic control in this study were not met
during the treatment periods [24], especially during mornings
(figure 1). However, the majority of patients did experience
at least one episode of hypoglycaemia during the supervised
profile days. For both treatment regimens the frequency of
minor hypoglycaemic episodes was highest in the non-obese
group (table 4). The presence of some preserved endogenous
insulin, verified by C-peptide levels, possible acting as an
insulin buffer, may have contributed to the overall safety
profile without any concerns [31–34]. With both treatment
regimens the highest concentrations of C-peptide were found
in the obese group (figure 1).

Although, pharmacokinetic differences between BIAsp 50
and 70 were confirmed, possible overall pharmacodynamic
differences may have been too small to be detected with the
present study design. Stratification into BMI groups might not
have been the most optimal way to show possible differences
between non-obese and obese patients. Another approach for
stratification could have been measuring the hip–waist ratio
and/or using bioelectrical impedance as an indirect measure of
body composition [35].

In summary, this trial did not confirm the hypothesis that
treatment with BIAsp 50 and BIAsp 70 thrice daily provides
significantly different overall glycaemic control in non-obese
and obese subjects with type 2 diabetes.
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