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We sought to investigate the ability of biphasic insulin aspart 30 (BlAsp 30) to control postprandial hyperglycemia and
hyperlipidemia in a meal-test comparison with biphasic human insulin 30 (BHI 30). In this randomised crossover trial, 50
patients with type 1 diabetes (mean age, 35.7 + 9.4 years; body mass index [BMI], 24.0 + 2.6 kg/m? HbA,_, 8.6% = 1.1%) were
studied on 3 separate days, where the following treatments were given in random order: BlAsp 30 injected immediately
before a standard breakfast, BHI 30 injected 30 minutes before breakfast (BHI 30,__;,), and BHI 30 injected immediately before
breakfast (BHI 30,_,). The dose was 0.40 U/kg for all 3 treatments. BlAsp 30 reduced the area under the baseline adjusted
4-hour postprandial serum glucose curve (AUC,_,,) by 23% compared with BHI 30,_, (P < .0001) and by 9% compared with BHI
30;_.50 (P = .013). Maximum serum glucose concentration (C,,,,) was lower for BIAsp 30 compared with BHI 30,_, (14.0 = 2.4
v 16.5 = 2.8 mmol/L, P < .0001), and time to maximal serum glucose concentration (t,,,,) was approximately 20 minutes
shorter for BlAsp 30, irrespective of timing of BHI 30 injection (P < .0001). There were no significant differences among the
3 treatments with respect to postprandial levels of free fatty acids or triglycerides. The pharmacokinetic results were
consistent with the above observations, ie, significantly larger insulin AUC,_,,,, higher C, ., and shorter t,,,., were observed
for BlAsp 30 compared with BHI 30, irrespective of timing of BHI 30 injection. We conclude that postprandial glycemic control
was more effective with BIAsp 30 than with BHI 30, irrespective of timing of BHI 30 injection.

Copyright 2002, Elsevier Science (USA). All rights reserved.

ARGE PROSPECTIVE and controlled epidemiological insulin aspart (IAsp), which is homologous to human insulin
studies have confirmed that tight glycemic control re- except for the substitution of proline with aspartic acid at

duces the incidence and delays the progression of late diabetjwosition B28. Also, insulin aspart is equipotent with human
complications associated with type 1 and type 2 diabetes. insulin® Faster absorption as well as improved postprandial
Furthermore, avoiding excessive postprandial hyperglycemia isind long-term glycemic control have been shown for I1Asp
increasingly considered important in the management of diacompared with regular human insufiri!
betes3 Biphasic insulin aspart 30 (BIAsp 30) is a premixed formu-

Achieving tight glycemic control in the postprandial phase lation of 30% soluble and 70% protamine-crystallized 1Asp.
through insulin therapy is difficult. In healthy individuals, The main advantage of premixed insulin is that fewer daily
insulin is rapidly released into the systemic circulation in injections are necessary to obtain reasonably adequate glyce-
response to food intake. This causes blood glucose to readmic control. Thus, premixed insulins are widely used by pa-
peak concentrations 30 to 45 minutes after eating, followed bytients with type 1 or type 2 diabetes when more intensive
a decline to basal levels during the following 2 to 3 hours. By injection regimens are unwanted or impractical.
contrast, absorption of subcutaneously injected human insulin A faster onset of action has been shown in healthy subjects
is relatively slow, in part because insulin molecules tend tofor BIAsp 30 when compared with a similar biphasic prepara-
self-associate at higher concentrations such as those found tion of human insulin (BHI 30}2 The present trial was the first
injectable preparatiorfsPeak serum levels are reached after 2t0 directly compare BlAsp 30 and BHI 30 with respect to
to 3 hours, returning to fasting levels after 6 to 8 hours. The nefharmacokinetics and pharmacodynamics in patients with type
effect of these nonphysiological pharmacokinetics is early postl diabetes. Postprandial levels of glucose and insulin after a
prandial hyperglycemia and a risk of hypoglycemia before thesingle dose of BIAsp 30 were compared with those after a
next meal or during the night. single dose of BHI 30 injected either immediately before or 30

By replacing certain amino acids, the tendency of the insulinminutes before a test meal. Furthermore, the effect on post-
molecule to self-associate can be reduced without affecting itPrandial concentrations of free fatty acids and triglycerides was
interaction with insulin recepto&sOne such insulin analog is €valuated.

MATERIALS AND METHODS
From the University Department of Endocrinology and Metabolism, Subjects

Arhus Amtssygehus, Arhus, Denmark; Section of Endocrinology, De-

partment of Medicine, Rikshospitalet, Oslo, Norway; Department of Fifty patients diagnosed with type 1 diabetes for at least 2 years and

Endocrinology, Hvidovre Hospital, Hvidovre, Denmark; and Novo treated with human insulin for at least 12 months were recruited in

Nordisk A/S, Bagsveerd, Denmark. Denmark and Norway. Key inclusion criteria were agel8 years,
Submitted October 25, 2001; accepted January 31, 2002. body mass index (BMI) less than 30.0 kdg/mand glycosylated hemo-
Address reprint requests to Kjeld Hermansen, MD, Department ofglobin A, (HbA,) less than 11.0%. The exclusion criteria included

Endocrinology and Metabolism, Aachus Amtssygenus, Aarhus Univerimpaired renal or hepatic function, cardiac disease, profilerative reti-

sity Hospital, Tage Hansens gade 2, 8000 Arhus, Denmark. nopathy and/or advanced neuropathy, recurrent severe hypoglycemia,
Copyright 2002, Elsevier Science (USA). All rights reserved. and total daily insulin dose= 1.40 1U/kg. Of the 50 enrolled patients,
0026-0495/02/5107-0022%$35.00/0 46 completed the trial and 4 were withdrawn: 3 because they wished to
doi:10.1053/meta.2002.33358 discontinue. Key subject characteristics are listed in Table 1.
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Table 1. Subject Characteristics at Baseline Efficacy and Safety End Points
Age (yr) 35,7 +9.4 Glucose: Baseline corrected area under the 4-hour postprandial se-
BMI (kg/m?) 24.0 * 2.6 rum glucose concentration-time curve (Al ss) Was analyzed.
Duration of diabetes (yr) 13.3+ 8.8 Postprandial glucose dynamics were further characterized by the max-
HbA,, (%)* 8.6 + 1.1 imum serum concentration of glucose, (& sg) and the time to reach

maximum serum concentration of glucosg,({sc)- Lipids: Areas
under the 4-hour postprandial serum concentration-time curve were
analyzed for free fatty acids (AUGhera) and triglycerides (AUG
an(riglycerides). Insulin: Area under the 4-hour post-injection serum
insulin concentration-time curve (AUGns), Maximum serum cen
centration of insulin (Gaxns), @nd time to reach maximum serum
The trial was conducted according to a randomized 3-way Crossovegoncentration of insulin {f,,ns) Were analyzed. Safety: Occurrence of
open-label design. There were three trial days, separated by 5 to 23dverse events and hypoglycemic episodes, as well as standard blood

days. During these 3 trial days, the following 3 treatments were givenpiochemistry and hematology parameters were evaluated.
in random order: BIAsp 30 (Biphasic insulin aspart 30, Novo Nordisk

A/S, Bagsvaerd, De_nmark) injected imr_nediately .before a S_ta”darcétatistical Analysis

breakfast, BHI 30 (Mixtard 30, Novo Nordisk A/S) injected 30 minutes ) )

before breakfast (BHI 30.s,), and BHI 30 injected immediately AUC values were calculated using the trapezoidal method. Pharma-
before breakfast (BHI 30,). The insulin dose was 0.40 Ufkg body cokine?ic and pharmacodynamic_ endpqints were analyzed by 2-way
weight for all 3 treatments. Blood samples were drawn for obtaining 0-2nalysis of variance (ANOVA) with subject and treatment as factors.
to 4-hour postprandial glucose and lipid profiles and 0- to 4-hourAll tests were 2-tailed with a significance level of 5%. Analyses of
postinjection insulin profiles. serum glucose AUC were adjusted for baseline glucose level. Except

for t,.x end points, all data were log-transformed when analyzed.
Trial Day Procedures Statistical analyses were done using SAS for UNIX version 6.12 (SAS

) . . . ) . Institute, Cary, NC). Safety data were summarized.
Subjects were on their usual insulin regimen between visits but were

instructed not to inject intermediate- or long-acting insulin after break- RESULTS
fast on the day preceding trial days. During the night preceding trial
days and until 15 minutes before meals, they were given human insulilSerum Glucose and Lipids

(Actrapid, Novo Nordisk A/S) by intravenous infusion to stabilize the BlAsp 30 reduced the postprandial serum glucose AUC

preinjection blood glucose concentration between 5 and 8 mmol/L. Th .
rate of insulin infusion was adjusted using a predefined algorithm base%)y 23% compared with BHI 30, (P < .0001) and by 9%

on blood glucose concentrations measured every 30 to 60 minute§ompared with BHI 30 5, (P = .013). Thus, injection of

throughout the night. BlAsp 30 immediately before eating resulted in significantly
Trial day activities were started only if blood glucose measurementsmproved postprandial glycemic control compared with BHI

were within the 5- to 8-mmol/L range at 15 and 30 minutes before 30, irrespective of whether BHI 30 was injected 30 minutes

injection of trial product. Insulin was injected subcutaneously into the before or immediately before the test breakfast. Serum glucose

anterior abdominal wall, midway between the umbilicus and the anteC__ was lower for BIAsp 30 compared with BHI 3Q,

rior superior iliac spine, into a raised skin fold and at a 45-degree anglq14lo + 2.4v 16.5+ 2.8 mmol/L,P < .0001), and },, was

to the skin, alternating between the right and left side. Either of Zapproximately 20 minutes shorter for BIAsp 30, irrespective of

standard breakfasts containing approximately 1,750 kJ and with near|¥iming of BHI 30 injection P < .0001) (Table 2). Mean pretest

identical composition was allowed, but each patient had the samc-f f | | | imilar for the 3 treat t
breakfast type on each trial day. The calorie distribution of the meal asting serum glucose levels were simiiar tor the 5 treatments

was approximately 15% from protein, 30% from fat, and 55% from (6.7 t0 6.9 mmol/L). The mean serum glucose profiles are
carbohydrate. Meals were to be ingested within 15 minutes. During th&depicted in Fig 1.

period from —30 to 240 minutes relative to the time of starting break- There were no significant differences between treatments
fast, 16 blood samples were drawn at regular intervals for measuringvith respect to postprandial levels of free fatty acids and

glucose and insulin, and 10 blood samples were drawn for measuringriglycerides (Table 2).

triglycerides and free fatty acids. Blood glucose was checked on-site

using a Beckman Yellow Spring analyzer for (Palo Alto, CA) control |nsulin

and safety purposes.

NOTE. Data are presented as means * SD. n = 50.
*The upper normal limit of HbA, is 6.2%

Trial Design

The pharmacokinetics of BIAsp 30 differed from those of
Bioanalysis BHI 30: The insulin AUG_,,,0bserved for BIAsp 30 was larger

Serum insulin aspart was measured using an |Asp-specific enzymégy 24% when compared with BHI 30, (P < '000_1) and by
linked immunosorbent assay (ELISA) developed by Novo Nordisk 16% compared with BHI 30 5, (P = .0024) (Fig2). The
A/S 13 Serum human insulin was measured using an ELISA assayfaster absorption of BIAsp 30 compared with BHI 30 is re-
(DAKO insulin kit, Cambridgeshire, UK; reference code no. K6219). flected in the significantly higher.G., insyand shorterf., ¢ns)
No measurement bias due to the presence of insulin antibodies in thealues observed for BIAsp 30 (Table 2).
blood samples was expected as both ELISA assays react similarly to
insulin antibodie$314 Free fatty acids were measured by a coupled Safety

enzymatic method involving acyl-conenzyme A (CoA) synthetase and . . .
acyl-CoA oxidase (Wako Chemicals GmbH, Neuss, Germany). Glu- There were no major but 34 minor hypoglycemic events on

cose and triglycerides were measured by standard enzymatic methodéia! days: 16 events occurred with BIAsp 30, 9 events with
Nova Medical Medi-Lab A/S was responsible for carrying out the BHI 30 injected at t= 0, and 9 events with BHI 30 injected at

analyses. t = —30. There were no clinically significant abnormalities in
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Table 2. Derived Pharmacodynamic and Pharmacokinetic Parameters

HERMANSEN ET AL

BlAsp 30 BHI 30
t=20 t=20 t=-30
Pharmacodynamics
AUC,_snsa)
mmol/L X min 2,280.7 + 569.9 2,894.1 + 658.5 2,5628.5 + 731.8
Ratio 0.77 (0.72-0.83) 0.91 (0.84-0.98)
P value <.0001 .0125
Crmax(sa)
mmol/L 14.0 + 2.42 16.5 = 2.81 14.3 = 3.41
Ratio 0.85 (0.79-0.90) 1.00 (0.94-1.06)
P value <.0001 .9380
tmax(sG)
Minutes 71.1 £ 24.68 90.8 + 29.48 91.4 + 32.89
Difference (min) —23.2(—32.6 to —13.8) —21.8(—31.2to —12.3)
P value <.0001 <.0001
AUCo 4n(rra)
mmol/L X min 46.8 = 20.92 54.7 = 30.93 42.7 = 27.71
Ratio 0.89 (0.72-1.09) 1.19 (0.96-1.47)
P value .2592 .1048
AUCo 4ntriglycerides)
umol/L X min 228.4 + 91.08 221.7 = 79.93 218.7 + 87.13
Ratio 1.01 (0.92-1.10) 1.03 (0.94-1.13)
P value .8863 .4705
Pharmacokinetics
AUCo anine)
mU/L X min 11,141 = 6,935 9,167.7 * 6,448.2 9,607.6 + 6,064.9*%
Ratio 1.24 (1.13-1.36) 1.16 (1.05-1.27)
P value <.0001 .0024
Crmaxtins)
mU/L 68.2 = 39.20 49.8 *+ 33.02 55.6 + 29.37
Ratio 1.36 (1.20-1.54) 1.20 (1.07-1.36)
P value <.0001 .0033
tmax(ins)
Minutes 98.1 = 36.31 139.8 £ 52.94 127.6 = 71.62*
Difference (min) —41.1 (—65.9-—16.2) —29.3 (—54.3-—4.41)
P value .0015 .0218

NOTE. Results and ANOVA comparisons of BIAsp 30 (injected at mealtime) with BHI 30 injected at mealtime and 30 minutes beforehand,
respectively. Data are listed as means = SD. The ratios and differences (with 95% confidence intervals) refer to ANOVA analyses comparing BlAsp
30 and BHI 30 treatments.

*Data obtained from t = —30 to t = 210.

vital signs or the investigated biochemical and hematological No safety concerns regarding BIAsp 30 have been raised in
parameters. this or other trials.

The improvement in postprandial glycemic control with BI-
Asp 30 was greatest when compared with BHI 30 injected at
mealtime, which supports the recommendation of injecting

pharmacodynamics and pharmacokinetics of the biphasic insdﬂ-'um'ljln |nsuI|ns. 30 minutes before meals to compensate for the
lin preparations BlAsp 30 and BHI 30, when administered to SIOWer absorption. However, it is well known that many pa-
subjects with type 1 diabetes in a rigorously controlled mea|t|ents with diabetes |njec.t human. insulin _|mmed|ately before
test setting. eating, partly because this often is perceived as more conve-
BIAsp 30 injected immediately before the test meal im- nient or practical, partly because of the fear of hypoglycemia
proved postprandial glycemic control compared with BHI 30, before meald5-16 Due to the rapid absorption and effect of the
irrespective of whether BHI 30 was injected immediately be-soluble fraction of BIAsp 30, superior postprandial glycemic
fore or 30 minutes before the test meal. Absorption of BIAsp 30control can be gained by injecting BlAsp 30 at mealtimes,
at 0 to 4 hours after injection was significantly faster comparedwhich should ensure optimum flexibility as well as the possi-
with BHI 30, which accounts for the observed improvement in bility of adjusting insulin doses according to meal size and
ability of BIAsp 30 to control postprandial blood glucose composition.
levels. ANOVA analyses of 0- to 4-hour postprandial AUC for free

DISCUSSION
This was the first trial to directly compare postprandial
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fatty acids and triglycerides did not show any significant dif- level of HbA, .12 HbA, . reflects overall glycemic control, but
ferences between BlAsp 30 and BHI 30. This is not surprisingis not dependent on blood glucose fluctuations. The signifi-
when considering the single-dose trial design. In another sincance of such fluctuations with respect to the development of
gle-dose trial in subjects with type 1 diabetésyidely differ- diabetic complications is not definitely establisiétHowever,
ent levels of insulin replacement at meals (effected by varyingn the Diabetes Control and Complications Trial (DCET)
postmeal insulin infusion rates incrementally) did not signifi- was observed that, at equivalent levels of HpApatients on
cantly influence postprandial triglyceride concentrations. Postintensive basal-bolus therapy had a reduced risk of complica-
prandial levels of free fatty acids were significantly affected, buttions compared with patients on conventional insulin therapy.
this was in response to several-fold differences in postprandials was speculated by the investigators of the DCCT, this may
insulin concentrations, which was not seen in the present trialimply that features of glycemic control not reflected by HbA
Extension of the observation period to 8 hours, meals with a highemay add to or modify the risk of complications.
fat content, and multiple-dose trials are probably better suited to Recent studies suggest that postprandial glucose peaks is one
assess the effect of insulin therapies on postprandial lipidemia. such specific risk factor, especially with respect to cardiovas-
Prevention and delay of late diabetic complications has beeicular disease. The large Diabetes Epidemiology: Collaborative
shown to be dependent on glycemic control as measured bjnalysis of Diagnostic Criteria in Europe (DECODE) study

pmol/L.
500
400
300

Fig 2. Mean postprandial se-

rum insulin profiles (specific

200 IAsp + human insulin = total in-

sulin) for 46 subjects with type 1

diabetes after injection of BIAsp

30 immediately before a test

100 meal (®); BHI 30 injected imme-

diately before a test meal (m); or

: BHI 30 injected 30 minutes be-

o : fore a test meal (A). Arrows in-

T T T ¥ ! ! ’ ' ! i dicate the injection times, and
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the time of meal ingestion. Error
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compared 2 standard diagnostic criteria for diabetes—fasting In conclusion, this trial demonstrated improved postpran-
blood glucose concentration and 2-hour postprandial bloodlial blood glucose control with BIAsp 30 compared with
glucose concentration following a standard glucose chalBHI 30, which was caused by a relatively faster absorption
lenge—uwith regard to prediction of mortality.It was found  of BlAsp 30. Although the relative importance of acute
that 2-hour postchallenge blood glucose was a better predictorersus chronic hyperglycemia in the development of diabetic
of cardiovascular disease and deaths from all causes than wasmplications is not well defined, clinically it seems reason-
fasting blood glucose. Other studies support these observable to aim at optimizing postprandial as well as overall
tions20-22 This hypothesis of an added benefit of good post-glycemic control. To this end, biphasic preparations of in-
prandial glycemic control needs to be tested in a controlledsulin analogs seem well suited for those who wish to limit
long-term outcome trial. the number of daily injections.
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