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OBJECTIVE — To compare the safety and efficacy of insulin aspart (IAsp), buffered regular
insulin (BR), and insulin lispro administered by continuous subcutaneous insulin infusion (CSII)
in patients with type 1 diabetes.

RESEARCH DESIGN AND METHODS — After completing a 4-week run-in period
with BR, 146 adult patients with type 1 diabetes (with pretrial CSII experience) were randomly
assigned (2:2:1) to CSII treatment with IAsp, BR, or lispro for 16 weeks in a multicenter,
open-label, randomized, parallel-group study. Bolus insulin doses were administered 30 min
before meals (BR) or immediately before meals (IAsp or lispro).

RESULTS — Treatment groups had similar baseline HbA1c (7.3% � 0.7 for IAsp, 7.5% � 0.8
for BR, and 7.3% � 0.7 for lispro). After 16 weeks of treatment, HbA1c values were relatively
unchanged from baseline, and the mean changes in baseline HbA1c values were not significantly
different between the three groups (0.00 � 0.51, 0.15 � 0.63, and 0.18 � 0.84 for the IAsp, BR,
and lispro groups, respectively). The rates of hypoglycemic episodes (blood glucose �50 mg/dl)
per patient per month were similar (3.7, 4.8, and 4.4 for the IAsp, BR, and lispro groups,
respectively). Clogs/blockages in pumps or infusion sets were infrequent; most subjects (76, 83,
and 75% in the IAsp, BR, and lispro groups, respectively) had �1 clog or blockage per 4 weeks
during the trial.

CONCLUSIONS — Insulin aspart in CSII was as efficacious and well tolerated as BR and lispro
and is a suitable insulin for continuous subcutaneous insulin infusion using external pumps.
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Continuous subcutaneous insulin in-
fusion (CSII) therapy offers the po-
tential of controlled basal insulin

release, which can closely mimic the in-
sulin profile of individuals without dia-
betes. In the Diabetes Control and
Complications Trial (DCCT), patients on
intensive insulin therapy could choose
between CSII therapy and multiple daily
injection (MDI) therapy and could
change between therapies during the trial
(1). Although the DCCT was not specifi-
cally designed to compare CSII and MDI
therapies, the mean HbA1c value of sub-
jects choosing CSII therapy for �90% of
the time was 0.2% less than the HbA1c
value of the MDI therapy group (2). CSII
therapy has also been shown to decrease
the incidence of severe hypoglycemia as
compared with MDI therapy; this benefit
was attributed to the greater reproducibil-
ity and flexibility of insulin administra-
tion during CSII therapy (3). These
advantages of CSII, as well as improve-
ments in pump technology, have led to
increasing acceptance of insulin pump
therapy (4).

Insulin aspart (IAsp) has properties
that are expected to be optimal for use in
CSII: soluble, rapid-acting, and uniform
absorption characteristics (5). Such prop-
erties should reduce the size of the sub-
cutaneous insulin depot and reduce the
time interval between insulin adminis-
tration and insulin action. Because the
concept of CSII is predicated on an imme-
diacy of insulin action, a rapid-acting in-
sulin analog should be ideal. Studies
using such an analog, lispro, have vali-
dated this concept (6,7). As currently for-
mulated, IAsp is physically compatible for
use in pumps and has been shown to be as
safe and effective as buffered regular insu-
lin (BR) in CSII therapy (8). The only in-
sulin currently approved for CSII use in
the U.S. is BR, although insulin lispro is
commonly used in CSII. The present
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study was conducted to further examine
the suitability of IAsp for CSII therapy by
directly comparing its safety and efficacy
in type 1 diabetes with that of BR and
lispro.

RESEARCH DESIGN AND
METHODS — This was an open-label,
randomized, parallel-group study con-
ducted at 13 sites in the U.S. Patients with
type 1 diabetes received IAsp, BR, or lis-
pro as a continuous subcutaneous infu-
sion by an external pump for 16 weeks.
The study was performed in accordance
with the Declaration of Helsinki and with
the approval of local independent review
boards. Written informed consent was
obtained from all subjects.

Subjects
The study enrolled 146 men and women,
aged 18–71 years, who had type 1 diabe-
tes for at least 12 months (fasting C-
peptide �0.5 ng/ml) and had been
treated with CSII therapy continuously
for the previous 3 months. In these pa-
tients, baseline BMI was �35.0 kg/m2 and
baseline HbA1c ranged from 5.7 to 9.7%.
Subjects were excluded from entering the
trial if they had impaired hepatic function
(liver enzyme values twice the upper limit
of normal), impaired renal function (se-
rum creatinine �2.0 mg/dl), impaired
cardiac function, or recurrent major hy-
poglycemia. Women were excluded if
they were pregnant, breast-feeding, or not
using contraception.

Treatments
Subjects eligible for the trial underwent a
4-week, open-label, run-in period during
which all subjects used BR (Velosulin;
Novo Nordisk, Bagsvaerd, Denmark).
Subjects were instructed to administer
bolus doses of BR 30 min before the start
of each meal using their own insulin
pumps: MiniMed 506 or 507 pumps (Syl-
mar, CA) or Disetronic pumps (Minneap-
olis, MN). Subjects were instructed to
replace the infusion sets and the insulin at
intervals not exceeding 48 h for the dura-
tion of the study. All subjects were given a
One-Touch meter (LifeScan, Milpitas,
CA) to measure blood glucose levels.

After the run-in period, subjects were
randomly assigned (2:2:1) to the lowest
available randomization number, to re-
ceive either IAsp, BR, or lispro (Humalog;
Eli Lilly, Indianapolis, IN). The random-
ization code was provided by Novo Nor-

disk A/S (Bagsvaerd, Denmark) to ensure
that the investigator and subject were
blinded at the point of randomization.
Subjects assigned to the IAsp or lispro
groups were instructed to take bolus
doses just before the start of each meal,
whereas those assigned to the BR treat-
ment group were instructed to take bolus
doses 30 min before the start of each meal.
During the run-in period and during the
first 4 weeks after randomization (dose-
adjustment period), the investigator re-
viewed the blood glucose meter readings
with the subject to maximize drug ther-
apy to achieve the targeted fasting (pre-
breakfast) blood glucose level between 80
and 120 mg/dl without unacceptable hy-
poglycemia.

Subjects were contacted at least
weekly during the run-in period and ev-
ery 2 weeks during the dose-adjustment
period. Telephone contact with the clinic
could be made by the subjects in the event
of problems with the treatment or by the
investigator if insulin doses were modi-
fied. The subjects continued on the ad-
justed dose regimen during weeks 4–16
(maintenance period) unless further dose
adjustment was required.

Efficacy assessments
Efficacy was assessed by measuring
HbA1c values and eight-point blood glu-
cose (BG) levels before and 90 min after
each of three meals, at bedtime, and at
2:00 A.M. The HbA1c level was determined
from blood samples taken at baseline and
week 16 by a central laboratory (Quest
Diagnostics, San Capistrano, CA) using
an assay that had linearity over the range
4.3–20.4% and a range of 4.3–6.1% for
nondiabetic subjects (9,10). The eight-
point BG profiles were recorded in a diary
by the subject on two consecutive days
during the last week of the run-in period
and on two consecutive days the week
before the week 16 study visit. Efficacy
assessments also included changes in
body weight and lipid profile (HDL, LDL,
cholesterol, and triglycerides). Total daily
insulin doses (adjusted by baseline body
weight) for the week before baseline and
the last week of treatment were deter-
mined and separated into daily basal in-
sulin dose and daily bolus insulin dose.

Safety assessments
Safety was assessed based on the record-
ing of adverse events, physical examina-
tion findings, and clinical laboratory

evaluations. Subjects were asked to
record hypoglycemic symptoms in their
diaries, along with time of day and the BG
measurements associated with those
symptoms. Hypoglycemia was defined as
minor when the subject had a symptom of
hypoglycemia (i.e., palpitations, tired-
ness, sweating, strong hunger, dizziness,
tremor, etc.) confirmed by BG meter read-
ing �50 mg/dl and was able to deal with
the episode on their own. A hypoglycemic
episode was defined as major if the BG
meter reading was �50 mg/dl and the
event was associated with severe central
nervous system dysfunction that either
prevented the subject from treating him-
self/herself or required administration of
parenteral glucose or glucagon.

Subjects were made aware of the pos-
sibility of clogs or blockages of the pump
or infusion set and were told to record
these events in their diaries.

Statistical analysis
Between-treatment comparisons for all ef-
ficacy end points, except for daily insulin,
were made using an ANCOVA model
with treatment and center as fixed effects
and the corresponding baseline measure-
ment as the covariate. Baseline parameters
were from week 0 (randomization visit);
95% CIs for the between-treatment differ-
ences in HbA1c, glucose variability, lipid
profile parameters, and weight were also
constructed based on the ANCOVA
model. The last observation carried for-
ward (LOCF) approach was used in the
statistical analyses of HbA1c, weight, and
lipid profile. Results are stated as mean �
SEM adjusted for baseline values and cen-
ter effect, as mean treatment difference
(95% CI), or as indicated.

RESULTS

Subjects
Baseline demographic characteristics
were similar for all treatment groups (Ta-
ble 1). Overall, 93, 85, and 96% of the
subjects receiving IAsp, BR, and lispro,
respectively, completed the 16-week
study.

Subjects had a mean baseline insulin
requirement of 0.7, 0.6, and 0.5 units/kg
in the IAsp, BR, and lispro groups, respec-
tively, which did not change by the end of
the study (Table 1). In general, subjects
maintained the same insulin dose (basal
and bolus) throughout the study.

Insulin aspart in CSII for type 1 diabetes
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Efficacy
Most subjects entered the study with rel-
atively good glycemic control, as demon-
strated by mean baseline HbA1c values
�7.5%, and maintained good glycemic
control throughout the study. After 16
weeks of treatment, HbA1c values were
relatively unchanged from baseline and
the mean changes in baseline HbA1c val-
ues were not significantly different among
the three groups (0.00 � 0.51%, 0.15 �
0.63%, and 0.18 � 0.84% for the IAsp,
BR, and lispro groups, respectively).

Mean eight-point BG profiles at base-
line and at end of study are presented in
Fig. 1. Postprandial values for subjects in
the rapid-acting insulin analog groups
were improved from baseline values and
tended to be lower than those for subjects
in the BR group. A few statistically signif-
icant differences were observed at week
16 between the treatment groups: i.e., at
dinner � 90 min, the BG value for the
IAsp group was lower than those for BR
and lispro groups (P � 0.019); at 2:00
A.M., the BG value for the BR group was
lower than those for IAsp and lispro
groups (P � 0.002).

The mean values for HDL, LDL, cho-
lesterol, and triglycerides were within
their normal limits at baseline and at week
16 for each treatment group. Mean
changes in baseline values for lipid pa-
rameters were not significantly different
between treatment groups. Similarly,
mean weights at baseline were compara-
ble for each group and did not signifi-
cantly increase or decrease during the
study.

Hypoglycemia
Similar numbers of subjects (�90%) in
each treatment group reported one or
more minor hypoglycemic episodes dur-
ing the 16-week treatment period. Only
one subject (in BR group) reported a ma-
jor hypoglycemic episode (required intra-
venous glucose) during the study.
Approximately one half of the hypoglyce-
mic episodes were confirmed by a blood
glucose value �50 mg/dl (Table 2). The
rates and numbers of episodes of BG-
confirmed hypoglycemic episodes were
not significantly different between treat-
ment groups, although there was a trend
for slightly lower rates and numbers of
episodes in the IAsp treatment group (Ta-
ble 2). Hypoglycemic episodes reported
by symptoms, but not necessarily con-
firmed by BG �50 mg/dl, showed that
subjects in the IAsp group reported a sig-
nificantly lower rate of episodes than sub-
jects in either the BR or the lispro groups
(Table 2).

Of the confirmed episodes, the rate
of nocturnal hypoglycemic episodes
(midnight to 6:00 A.M.) for the IAsp
group was lower than that for the BR
group and similar to that of the lispro
group (Table 2). During the 3-month
maintenance period, a greater percent-
age of patients in the IAsp group (41%,
24/59) were free of nocturnal hypogly-
cemic episodes compared with patients
in the BR (20%, 12/59) or lispro (25%,
7/28) groups. No major nocturnal hy-
poglycemic episodes occurred during
the study.

Safety
The adverse event profiles for the three
treatment groups were similar. Adverse
events were reported by �70% of the
subjects; most were mild in severity. Only
one subject withdrew from the trial
because of an adverse event (IAsp group:
herpes zoster).

Hyperglycemia (BG �350 mg/dl) was
the most commonly reported adverse
event for each treatment group and was
reported by 27% (16/59) of the subjects
in the IAsp group, 41% (24/59) of the
subjects in the BR group, and 36% (10/
28) of the subjects in the lispro group;
between-treatment differences were not
statistically significant. There were no ep-
isodes of diabetic ketoacidosis during the
trial.

No clinically significant differences
between treatment groups were noted for
vital signs, physical parameters, results of
electrocardiography, or clinical labora-
tory findings.

Pump compatibility
Most subjects (75, 78, and 64% of those
in the IAsp, BR, and lispro groups, respec-
tively) reported three or fewer clogs or
blockages of the pump or infusion set
during the entire treatment period. Only a
small percentage of clogs or blockages
(9% [15/158], 7% [9/136], and 6% [5/81]
for IAsp, BR, and lispro, respectively) co-
incided with a hyperglycemic episode.

CONCLUSIONS — The pr e s en t
study indicates that IAsp is as effective as
BR and lispro when used in CSII therapy.

Table 1—Baseline demographic characteristics and subject enrollment and attrition

IAsp BR Lispro

Number of subjects treated 59 59 28
Age (years) 42.3 � 12.0 43.1 � 9.4 39.9 � 11.1
Sex (male/female) 23 (39)/36 (61) 19 (32)/40 (68) 9 (32)/19 (68)
BMI (kg/m2) 26.7 � 3.8 25.9 � 3.8 26.3 � 3.2
Race (Caucasians) 58 (98) 58 (98) 26 (93)
HbA1c (%) 7.3 � 0.7 7.5 � 0.8 7.3 � 0.7
Insulin dose (units/kg)

Total 0.7 � 0.76 0.6 � 0.18 0.5 � 0.19
Bolus 0.4 � 0.57 0.3 � 0.13 0.2 � 0.14
Basal 0.3 � 0.23 0.3 � 0.13 0.3 � 0.11

Completed study 55 (93) 50 (85) 27 (96)
Total withdrawn* 4 (7) 9 (15) 1 (4)
Adverse event 1† (2) 0 0

*Data are means � SD or n (%). *Withdrawal reasons include withdrawal of consent, lack of compliance, lost to follow-up, ineffective therapy, and adverse event;
†subject had herpes zoster.
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Most subjects entered into the trial with
good glycemic control, as demonstrated
by mean baseline HbA1c values ranging
from 7.3 to 7.5%, and maintained such
control over the 4 months of the trial.
These findings confirm the results of an
earlier 7-week study comparing IAsp and
BR in CSII therapy, in which both treat-
ments provided comparable glycemic
control in patients with type 1 diabetes
(8). In a CSII study reported by Zinman et
al. (7), the HbA1c values for lispro-treated

subjects were significantly improved
compared with those subjects treated
with regular human insulin. However,
subjects in that study administered bolus
doses of insulin (lispro or regular human
insulin) 0 to 5 min before meals; such a
study design put regular human insulin at
a disadvantage, because it should be given
30 min before mealtime for optimal glu-
cose-lowering effect. Subjects in the Zin-
man study also had a higher mean
baseline HbA1c value (8.0%) than those in

the present study (7.3–7.5%). After 3
months of treatment, the mean HbA1c
value decreased to 7.66%, a value that
was slightly higher than the mean base-
line HbA1c values for subjects in the
present study.

Subjects were safely switched from
BR in the run-in period to insulin analogs
during the treatment period without hav-
ing to make any adjustment in insulin
dose (total, bolus, or basal) for mainte-
nance of glycemic control during this CSII
trial. As seen in studies with MDI therapy,
subjects in this study had higher night-
time BG values with the use of rapid-
acting insulin analogs than with BR
(11,12). Adjustment of the basal insulin
dose may enable patients to achieve im-
provement in nighttime and between-
meal glycemic control, which could lead
to decreases in HbA1c. However, the noc-
turnal basal rate should be increased care-
fully so that the incidence of nocturnal
hypoglycemia is not also increased.

The insulin analogs in this study
showed an advantage over BR in terms of
improved postprandial glycemic control.
For eight-point BG profiles, the postpran-
dial BG values of the IAsp group tended to
be lower than those of the BR group and
were similar to those of the lispro treat-
ment group. These results are consistent
with the lowered postprandial BG values
of patients using insulin analogs as the
mealtime bolus in MDI therapy (12–14).
The impact of postprandial glycemic con-
trol on overall glycemic control was ad-
dressed in the recent American Diabetes
Association position statement stating
that postprandial glucose, as well as fast-
ing plasma glucose, and mean plasma glu-
cose, are highly correlated with HbA1c
(15). However, the importance of post-
prandial hyperglycemia per se as a risk
factor for late complications of diabetes
has not been clearly established. Never-
theless, several studies in nondiabetic and
type 2 diabetic subjects have shown an
increased risk of mortality and myocar-
dial infarction associated with isolated
postprandial hyperglycemia (16–22).

The overall occurrence of hypoglyce-
mic episodes with BG values �50 mg/dl
was similar for the three treatment
groups, although there was a trend to-
ward a lower rate of hypoglycemia in the
IAsp group compared with the BR and
lispro groups (not significant). A similar
finding was demonstrated in two pub-
lished studies comparing lispro with hu-

Figure 1—Comparison of the mean eight-point blood glucose profiles (mean � SEM) for IAsp,
BR, and lispro at baseline (A) and 16 weeks (B) for the intent-to-treat population. BB, before
breakfast; B90, 90 min after breakfast; BL, before lunch; L90, 90 min after lunch; BD, before
dinner; D90, 90 min after dinner; BE, at bedtime. Number of patients at each time point: insulin
aspart, 52–58; BR, 48–58; lispro, 24–28. *Statistical significant (P � 0.05) difference between
treatment groups by ANCOVA with treatment and center as the fixed effect and baseline value as
the covariate.
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man regular insulin in CSII, in which the
rate of blood glucose–confirmed hypo-
glycemia for the insulin analog group was
slightly but not significantly lower than
the rate for regular insulin group (7,23). A
significantly lower rate of hypoglycemic
episodes based on symptoms alone was
reported for subjects in the IAsp group
than for subjects in the BR or lispro
groups (Table 2). Although subjects in
this study are experienced with CSII and
are likely to have good hypoglycemic
awareness, the rates of hypoglycemia that
are based on symptoms alone are subject
to possible bias in an open-label study
and could represent symptoms not
caused by hypoglycemia.

Nocturnal hypoglycemia is particu-
larly problematic in patients with diabe-
tes. In the present study, the IAsp group
had a significantly lower rate of nocturnal
hypoglycemia compared with the BR
group and a similar rate to that of the lis-
pro group (Table 2). A trend of lower rates
of nocturnal hypoglycemia with insulin
analogs (IAsp and lispro) has also been
shown in studies using MDI therapy
(24,25).

Prolonged clogs and blockages of the
pump or infusion sets can result in insuf-
ficient administration of insulin, which
can potentially lead to life-threatening di-
abetic ketoacidosis. Crystal formation of
soluble insulins can increase the chance of
occlusion in pumps and infusion sets.

IAsp is a soluble insulin that has been
shown to have significantly less crystal
formation than BR (8). In the present
study, the suitability of IAsp for pump use
was similar to that of BR and lispro, as
demonstrated by a low incidence of clogs
and blockages for all treatment groups.
Patients in this trial were experienced
with CSII and were properly educated to
recognize and correct any clogs and
blockages. Accordingly, patients took
corrective actions, such that only a small
percentage of clogs and blockages (9 to
6%) coincided with hyperglycemia (BG
�350 mg/dl); in no case did a hypergly-
cemic episode progress to diabetic keto-
acidosis.

The rapid-acting nature of insulin an-
alogs provides patients with greater flexi-
bility of their mealtime insulin needs
because the bolus can be administered
immediately before meals. This greater
flexibility will likely lead to improved
compliance and a better quality of life for
patients using CSII therapy.

In conclusion, IAsp is a safe and effec-
tive alternative to BR and lispro for patients
with type 1 diabetes and is compatible with
pump use in CSII therapy.
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