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RESEARCH DESIGN A N D METHODS — Twelve C-peptide negative type 1 diabetic
patients were studied on four separate study days, at least 7 days apart. On each study day,
patients received one of the four study insulin treatments, in random order, with identical meals
and snacks. The four treatments were ]) premeal human regular insulin before lunch and supper at unchanged dose; 2) premeal lispro (unchanged dose) at lunchtime and dinner; 3) prelunch reduced-dose lispro (70%) before lunch and supper with supplemental lunchtime NPH
and with a 6-h interval until dinner; and 4) pre-lunch reduced-dose lispro (70%) before lunch
and supper with supplemental lunchtime NPH and with a 8-h interval until dinner. All patients
were using their usual premeal plus basal insulin regimen during the period of the study, with
human regular insulin before meals and NPH insulin at bedtime.
RESULTS— Postprandial blood glucose concentrations (1230-1500) were lower after
reduced or usual lispro dose compared with human regular insulin (5.5 ± 0.2 and 5.6 ± 0.2 vs.
8.2 ± 0.5 mmol/1, P < 0.001), with no difference between the lispro doses. However, preprandial (1800) blood glucose levels deteriorated to higher levels after usual-dose lispro alone compared with either human regular insulin (P < 0.05) or reduced-dose lispro plus NPH (P < 0.05)
(8.9 ± 0.3 vs. 7.1 ± 0.8 and 6.4 ± 0.4 mmol/1), with no difference between human regular insulin
and reduced-dose lispro plus NPH. During the 2 h between the usual and delayed mealtime,
blood glucose concentrations remained controlled on lispro plus NPH (2000: 6.5 ± 0.4 mmol/1).
CONCLUSIONS — Reduced-dose lunchtime lispro plus NPH maintained the improvement
in postprandial blood glucose control with no deterioration in interprandial blood glucose control, even up to a late meal.
Diabetes Care 21:1707-1713, 1998

T

he main objective of intensive insulin
therapy is to maintain strict glycemic
control in patients with diabetes, since
this reduces the risk of long-term diabetic
complications (1,2). In multiple-injection

therapy, the mealtime insulin requirement is
supplied by short-acting unmodified regular
insulin aiming to maintain the postprandial
blood glucose concentrations as close to normal as possible (3-5). However, the premeal
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RESEARCH DESIGN A N D
METHODS — This was a four-way, randomized, crossover, open-label, comparative
study conducted in type 1 diabetic patients
attending a specialist diabetes service.
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OBJECTIVE — Insulin lispro improves early postprandial blood glucose control but can
result in late interprandial hyperglycemia. As an approach to resolving this problem, we performed a randomized, crossover study with four treatment arms, comparing the daytime metabolic profile after either premeal lispro alone or premeal lispro with optimal daytime NPH
insulin and with standard human regular insulin.

short-acting human regular insulin reaches
peak action rather late after subcutaneous
injection; consequently, the glucose excursion
is often excessive in the early postprandial
period, and the hypoglycemic risk is enhanced in the late postprandial period (6-8).
In the last few years, a number of
short-acting insulin analogs with improved
pharmacokinetic characteristics have been
biosynthetically engineered (9-11). One of
these is insulin analog lispro (Humalog; Eli
Lilly, Indianapolis, IN), which has less of a
tendency for self-association in subcutaneous injection site. Therefore, it is
absorbed faster after subcutaneous injection than is human regular insulin. As a
result, it has a rapid onset and a short duration of action (<4 h) (5,12,13).
Insulin regimens based on insulin
lispro achieved improvement in postprandial blood glucose control (14-22), but
improvement in overall blood glucose control has proved difficult to demonstrate
(18-22). At least in part, this has been
shown to be due to higher blood glucose
concentrations in the late postprandial
period (21-24) and in the early part of the
night (17), probably because of the failure
of premeal lispro to cover the basal insulin
requirement right through to the next meal.
The present study was designed to
examine the hypothesis that by dose substitution with basal NPH insulin, patients
using short-acting insulin lispro could have
good late as well as early postprandial
blood glucose control.
Patients using human regular insulin in
regimens of mealtime plus basal insulin
often take the opportunity to delay the time
of the next meal without disturbance of
blood glucose control, as has proved to be
possible in formal studies (25). Thus, in the
present study, we also assessed the metabolic control before a delayed evening meal
in patients receiving lispro plus NPH
insulin at lunchtime.

Daytime NPH with lispro

Table 1—Patient characteristics

insulin before the evening meal. On these
two study days, the premeal lispro dose was
reduced by 30% of the patients usual mealtime human regular insulin before each
meal, whereas the pre-lunch NPH insulin
dose was equivalent to 30% of the patients
usual pre-lunch human regular insulin plus
30% of the usual pre-dinner human regular
insulin dose (7 ± 2 U). Total insulin dose was
thus unchanged, and the resulting lunchtime lispro:NPH insulin ratio is 50:50. On
these two study days, the patients had their
lunch at the usual mealtime (1200), but the
evening meal was at the usual mealtime
(1800) on 1 day and delayed by 2 h to
2000 on the other day (Table 2).
On all study days, patients received
the premeal insulin injections 5 min before
the meal. This was chosen to correspond to
normal patient practice and because of the
dangers of earlier injection unless glucose
levels have been measured (26-29).
Venous blood samples for measurement of blood glucose, plasma free insulin,
and blood intermediary metabolites concentrations were obtained at 1130, every
30 min until 1400, hourly until 1800,
every 30 min until 2000, and then hourly
until 2200. Bedside blood glucose monitoring was carried out throughout the
study using a Yellow Springs Instruments
analyzer (see below).
If blood glucose concentration fell to
<3.0 mmol/1, blood sampling frequency
was increased to every 30 min. Patients
were treated for hypoglycemia only if they
were symptomatic. Symptomatic hypoglycemia was managed with a 20-g carbohydrate snack, repeated if symptoms did not
abate within 10 min.
Biochemical analysis
Blood glucose was measured using a glucose oxidase method (Yellow Springs
Instruments Model 2300 STAT PLUS Glucose Analyser, Yellow Springs, OH). Blood
glucose was measured in whole venous
blood within 2 min of blood sampling. To
remove antibody-bound insulin, plasma

Table 2—Insulin therapy

Protocol arm

Pre-lunch insulin
Time
Insulin (dose)

Pre-dinner insulin
Insulin (dose)
Time

Standard insulin
Usual lispro alone
Lispro + NPH + usual-time dinner
Lispro + NPH + delayed dinner

1155
1155
1155
1155

1755
1755
1755
1955

1708

Human (100%)
Lispro (100%)
Lispro (70%) + NPH (30%)
Lispro (70%) + NPH (30%)

Human (100%)
Lispro (100%)
Lispro (70%) (no NPH)
Lispro (70%) (no NPH)
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2200. Thus, patients had had their usual
dose of the prebreakfast human regular
insulin on the morning of each study day A
n
12
sampling cannula was placed in one arm and
Sex (M/F)
7/5
kept patent between samples with 0.15 mol/1
Age (years)
40 ±14
NaCl in water. Blood glucose concentration
Weight (kg)
74 ±15
was measured on arrival at the investigation
BMI (kg/m2)
26 ± 3
unit, and patients whose blood glucose conC-peptide (nmol/1)
0.08 ± 0.05
centrations were not between 4.0 and 12.0
HbA k (%)
7.7 ±0.7
mmol/1
at 1130 or whose blood glucose conDuration of diabetes (years)
16 ± 11
centrations
were >2.5 mmol/1 different on
Total daily insulin dose (U)
51 ±16
study day 2, 3, or 4 from study day 1, were
Data are means ± SD.
requested to return another day.
Patients had lunch from a choice of
foods at 1200 on all four study days. They
had an evening meal from a choice of foods
at 1800 on three of the study days and were
delayed by 2 h to 2000 on one day. The
Patients
Twelve type 1 diabetic patients gave written choice and amount of food were recorded,
informed consent to participate in the study, and identical meals and snacks were then
which was carried out according to the prin- given at the same time on all study days.
ciples of the Declaration of Helsinki and Five minutes before each noon or evening
was approved by the local ethics committee. meal, the patient received a subcutaneous
All patients were normally using a regi- injection of the study insulin—insulin anamen of premeal plus basal insulin, with log lispro (Humalog; Eli Lilly) on three of
unmodified human regular insulin before the study days or human regular insulin
each meal and basal NPH insulin at bedtime. (Humulin S; Eli Lilly) on the other—into
All patients had been stable on insulin for the anterior abdominal wall of the perium> 1 year with a mean HbAlc of 7.7 ± 0.7% bilical region by means of a pen-injector.
(SD) (normal <6.1%) and no serious hypo- The schedule of injections was single-blind
glycemic events. All patients had serum C- according to a randomization schedule.
peptide <0.18 nmol/1 when blood glucose
One of a series of four insulin treatconcentration was >5.0 mmol/1. Patient ments was given on each study day (Table
details are given in Table 1. All were healthy 2). On the control study day, patients had
apart from their diabetes and did not have their lunch and evening meal at the usual
late diabetic complications.
mealtime, 1200 and 1800, respectively
They received human regular insulin before
lunch (10 ± 5 U; mean ± SD) and before the
Methods
Each patient was studied on 4 separate evening meal (12 ± 5 U), the doses being the
days, at a 1- to 4-week interval, in random same as the patients' usual premeal insulin
order. One to 3 weeks before the first study doses. On another study day, patients
day, patients were screened by medical his- received premeal lispro before lunch and the
tory, physical examination, blood count, evening meal at their usual mealtime human
regular insulin doses with no NPH insulin.
and serum biochemical analysis.
On each study day, the patients were On the other two study days, patients
requested to undertake their normal activi- received a reduced dose (70%) of lispro
ties and to take their normal food and insulin before lunch (7 ± 3 U) and the evening meal
up to the time of admission to the investiga- (9 ± 3 U), a supplemental extended-acting
tion unit at 1100 for study from 1130 to NPH insulin before lunch only, and no NPH
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Table 3—Blood glucose concentrations (mmoVl)

Baseline (1200)
Postprandial (1230-1500)
2-h postprandial (1400)
Preprandial (1800)
Postprandial (1830-2100)
2-h postprandial (2000)
Pre-bedtime (2200)

Standard insulin

Usual lispro alone

Lispro + NPH

7.5 ±0.8
8.2 ±0.5
9.0 ±1.0

7.4 ±0.5
5.5±0.2t
5.4±0.4t
8.9 ±0.3*
7.1 ±0.6*
6.6 ±0.7*
7.7 ±0.7

7.1 ± 0 . 7

7.1

±0.8}

9.2 ±0.9
9.5 ±1.0
7.9 ±0.7

5.6±0.2t
5.5±0.4t
6.4

±0.4}

6.6±0.5t
5.8±0.5t
7.1 ± 0 . 6

Data are means ± SEM. *P < 0.05, tP < 0.005 compared with standard human regular insulin; fP < 0.001
compared with usual-dose lispro alone. Postprandial (1230-1500) and postprandial (1830-2100) show the
means of five measurements.

rable on the 4 study days (Table 3, Fig. 1)
Early postlunch (1230-1500). After lunch,
mean blood glucose concentration on the
standard human regular insulin treatment
rose to a peak of 9.1 ± 1.1 mmol/1 at 2 h after
the insulin injection, while blood glucose
concentrations fell on usual-dose lispro alone
and on reduced-dose lispro plus NPH (Fig.
1). The average postprandial blood glucose
Statistical analysis
concentration (1230-1500) was significantly
All data were entered into a computer data- lower after usual-dose lispro alone or
base and checked for correct entry. Data reduced-dose lispro plus NPH compared
analysis was by standard parametric meth- with human regular insulin (5.5 ± 0.2 or 5.6
ods. Results are expressed as means ± SEM ± 0.2 vs. 8.2 ± 0.5 mmol/1, P < 0.05 for
unless stated otherwise. A P value <0.05 both), with no difference between the lispro
was considered statistically significant. The regimens (Table 3, Fig. 1).
blood glucose concentration at each time
In the early postprandial period
point was plotted for the four treatment (1230-1500), blood glucose fell to hypogroups. The preferred method of statistical glycemic levels (blood glucose <3.0
analysis of the profile is by comparison of mmol/1) in two patients on human regular
mean concentration or area under the con- insulin, four patients on usual-dose lispro
centration curve for predefined periods of alone, and three patients on the reducedinterest. Statistical comparisons of the var- dose lispro plus NPH (NS).
ious treatments was by analysis of variance Late postprandial (1500-1800). With the
for repeated measures with post hoc appli- usual-dose lispro alone, blood glucose levcation of Students Newman Keuls test for els rose steadily from 1500 to 1800,
multiple comparison. Individual pairs of whereas after human regular insulin, blood
treatment points of interest were analyzed glucose levels declined from 2 h after the
using Student's paired t test.
meal to a plateau from 1600 to 1800 (Fig.
The blood glucose level for biochemical 1). In contrast, after reduced-dose lispro
hypoglycemia was set as <0.3 mmol/1. Bio- plus NPH, blood glucose levels increased
chemical hypoglycemia, with or without insignificantly from 1500 until 1800.
symptoms, treated or untreated, was taken as Accordingly, the pre-dinner (1800) blood
the end point for comparison of incidence of glucose concentration was significantly
hypoglycemia. Biochemical hypoglycemia higher after lispro alone than after either
was also compared for the predefined peri- human regular insulin or reduced-dose
lispro plus NPH (8.9 ± 0.3 vs. 7.1 ± 0.8 or
ods of interest using McNemar test.
Other results are reported as a matter 6.4 ± 0.4 mmol/1, P < 0.05 for both); the
apparent difference between human regular
of observation only.
insulin and reduced-dose lispro plus NPH
did not reach statistical significance.
RESULTS
In the late postprandial period
Blood glucose concentrations
(1530-1800), blood glucose fell to hypoBaseline. Baseline blood glucose concen- glycemic levels in three patients on human
trations before lunch at 1200 were compa- regular insulin, one patient on the reducedDIABETES CARE, VOLUME 21, NUMBER 10, OCTOBER
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Time (h)
12:00

14:00

16:00

18:00

20:00

22:00

Figure 1—Daytime blood glucose (mmolfl) (A),
plasma free insulin (pmol/l) (B), and blood 3hydroxybutyrate (}xmol/l) ( Q concentrations
(mean ± SEM) in type 1 diabetic patients after subcutaneous injection of standard premeal unmodified human regular insulin ( • ) ; premeal insulin
lispro in a usual premeal dose with no NPH ( • ) ;
or lispro in a reduced dose plus supplemental NPH
insulin dose (A). The meals Qunch and dinner)
were at usual times—1200 and 1800, respectively.

dose lispro plus NPH, and no patient on
usual-dose lispro alone (NS).
Postdinner (1830-2200). With usual-dose
lispro alone, blood glucose concentrations
fell rapidly in the first hour, whereas those
with human regular insulin rose (Fig. 1).
Accordingly, despite the higher glucose levels at 1800, average postprandial glucose
concentration (1830-2100) was significantly lower after lispro alone (7.1 ± 0.6 vs.
9.2 ± 0.9 mmol/1, P < 0.005). On reduceddose lispro plus NPH, the lower blood glucose levels at 1800 remained essentially
unchanged in the 3 h after dinner, giving
average concentrations that are not different
from usual-dose lispro alone (6.6 ± 0.5 vs.
7.1 ± 0.6 mmol/1) but are lower than with
human regular insulin (P < 0.005).
Bedtime blood glucose concentrations
(2200) were not different on the three
insulin regimens (Table 3, Fig.l).
In the postprandial period (postdinner:
1830-2200), blood glucose fell to hypoglycemic levels in one patient on human regu1709
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was prepared immediately after venipuncture, mixed with an equal volume of 30%
polyetheylene glycol, and centrifuged
immediately (30). Plasma free insulin was
measured by radioimmunoassay (31), using
insulin or lispro standards as appropriate.
Blood intermediary metabolites were measured as previously described (32).

Daytime NPH with lispro

Table 4—Plasma free insulin concentrations (pmol/l)

4 -1

800 -

600 -

400 -

B

Baseline (1200)
Postprandial (1230-1500)
Peak insulin concentration
Preprandial (1800)
Postprandial (1830-2100)
Pre-bedtime (2200)

Standard insulin

Usual lispro alone

Lispro + NPH

298 ± 48
360 ± 49
404 ± 62
223 ± 30t
332 ± 25
269 ± 42

282 ± 19
556 ±64*
737 ±128*
159 ±29*
430 ± 35*
216 ±48

307 ± 37
491± 34*
590 ±13*
254±22t
462 ± 35*
217 ±40

Data are means ± SEM. *P < 0.05 compared with standard human regular insulin; TP < 0.001 compared
with usual-dose lispro alone.

200 -

2 h after insulin injection (Fig. 1). As a at lunchtime (Fig. 2). Between 1800 and
result, the peak insulin concentration was 2000 on the study day when the presignificantly higher after either of the lispro evening meal lispro was given 2 h later,
treatments, usual-dose or reduced-dose, plasma insulin concentration did not
compared with unmodified human insulin change significantly during the 2-h delay,
treatment (Table 4). Although the peak being 281 ± 59 pmol/l at 1800 and 241 ±
insulin concentration was apparently 49 pmol/l at 2000.
higher with usual-dose lispro compared
Time (h)
with reduced-dose lispro, the difference Blood intermediary metabolites
12:00 14:00 16:00 18:00 20:00 22:00
was not statistically significant.
Blood 3-hydroxybutyrate levels were supFigure 2—Daytime blood glucose (mmol/l) (A),
The average early postprandial plasma pressed from lunchtime at 1230 until 1500
plasma free insulin (pmol/l) (B), and blood 3insulin concentration—whether postlunch (Fig. 1) in all study days. With the lispro
hydroxybutyrate (umol/l) (C) concentrations
(1230-1500) or postdinner (1830-2100)— alone, 3-hydroxybutyrate levels rose
(means ± SEM) in type 1 diabetic patients after
was significantly lower after unmodified steadily from 1500 to a peak at 1800, and
subcutaneous injection of premeal lispro in a
human insulin compared with either usual- the levels were suppressed again from dinreduced dose plus supplemental NPH insulin dose,
dose lispro alone or reduced-dose lispro plus nertime. With human regular insulin, the
with the evening meal given at the usual time
NPH
(Table 4, Fig. 1). However, there was 3-hydroxybutyrate profile was similar to
(1800) (A) or delayed by 2 h to 2000 (O).
no difference in the average early postpran- the profile with the lispro alone. In condial insulin concentration between the two trast, with the reduced-dose lispro plus
lispro
regimens, the usual-dose or the NPH, 3-hydroxybutyrate levels remained
lar insulin, two patients on lispro alone, and
largely unchanged throughout the study
one patient on the reduced-dose lispro plus reduced-dose, after lunch.
NPH (NS).
Plasma insulin concentrations after day, with a peak of 60 ± 4 pmol/l at 1800.
Delayed evening meal study. Blood glu- usual-dose lispro alone continued to decline Although with the reduced-dose lispro plus
cose concentrations were very similar up to rapidly from 1330, reaching a level lower NPH, the preprandial 3-hydroxybutyrate at
1800 on the 2 study days when reduced- than that after the other treatments at 1600, 1800 was lower than that with either lispro
dose lispro plus NPH was given at and continued at that level until the time of alone or human regular insulin (60 ± 4 vs.
lunchtime (Fig. 2). Between 1800 and the pre-evening meal insulin dose at 1800 93 ± 17 or 87 ± 14 pmol/l, P > 0.05 for
2000 on the study day when the evening (Fig. 1). As a result, the late postprandial (at both) (Fig. 1), the difference was clinically
meal was given 2 h later, blood glucose 1800) insulin concentration was lower after insignificant and the 3-hydroxybutyrate
concentrations did not change significantly, usual-dose lispro alone compared with levels were within physiological limits at all
being 6.4 ± 0.4 mmol/l at 1800, and 6.5 ± either unmodified human insulin or times (Fig. 1).
reduced-dose lispro plus NPH insulin (159
0.4 mmol/l at 2000 (Fig. 2).
Blood glycerol levels echoed the pro± 29 vs. 223 ± 30 or 254 ± 22 pmol/l, P < files of 3-hydroxybutyrate on all study days
0.05 for both) (Table 4). In contrast, after (data not shown).
Plasma free insulin
Blood lactate, pyruvate, and alanine
Baseline plasma free insulin concentrations reduced-dose lispro plus NPH, insulin conbefore lunch at 1200 were comparable on centration declined slowly and insignifi- concentrations and profiles did not differ
cantly from 1300 until 1600; then insulin between human regular insulin, usual-dose
all study days (Table 4 and Fig. 1).
After subcutaneous injection of insulin levels were maintained from 1600 until lispro alone, and reduced-dose lispro plus
lispro, whether usual-dose lispro alone or 1800, the time of pre-evening meal insulin NPH (data not shown).
On the delayed evening meal study
reduced-dose lispro plus NPH, insulin con- dose at a level not different from that after
centration rose rapidly, reaching a higher unmodified human insulin and similar to day, during the 2 h between the usual mealtime and the delayed mealtime, 3-hydroxand earlier peak within 1 h of insulin injec- the baseline level (Fig. 1).
tion (Fig. 1). In contrast, after subcuta- Delayed evening meal study. Plasma ybutyrate levels remained unchanged (63 ±
neous injection of the premeal unmodified insulin profiles were similar up to 1800 on 16 umol/l at 1800; 64 ± 14 pmol/l at 2000)
human insulin, plasma insulin concentra- the 2 study days when reduced-dose lispro (Fig. 2). Blood glycerol levels echoed the 3tion rose slowly to a broad plateau, peaking plus supplemental NPH insulin was given hydroxybutyrate profile on both the
1710

DIABETES CARE, VOLUME 21, NUMBER 10, OCTOBER

1998

Downloaded from http://diabetesjournals.org/care/article-pdf/21/10/1707/585503/21-10-1707.pdf by guest on 27 September 2022

0 -

120 -i

Ahmed and Home

DIABETES CARE, VOLUME 21, NUMBER 10, OCTOBER

1998

mealtime doses, blood glucose control can
be maintained up to at least 8 h after the last
injection of lispro plus NPH insulin.
Although hypoglycemia was not a
problem with the optimized basal insulin
regimen in the present study, the study
could not have the power to address that
question adequately.
To prevent the deterioration of blood
glucose control in the early part of the night
(17), with an insulin analog regimen, the
evening basal insulin requirement should
be adequately replaced. This can be
achieved with optimization of the evening
basal extended-acting insulin dose (37).
Thus, we might conclude that optimization
of both day and night basal insulin requirement can now be achieved in short-acting
insulin analog regimens, perhaps allowing
demonstration of an overall improvement
in blood glucose control as has been shown
for lispro in a continuous subcutaneous
insulin infusion regimen (38). However, it
remains to be confirmed whether such optimization of the basal insulin requirement
will mask the most desirable advantage of
short-acting insulin analogs, namely the
reduction in the incidence of hypoglycemia
(17-19), in particular nighttime hypoglycemia (17).
The present study has clearly demonstrated that the combination of lunchtime
lispro and NPH insulin maintained the
improvement in late as well as early postprandial blood glucose control, with no
daytime deterioration in glycemic control
from lunchtime to the bedtime at 2200.
However, the results of the present study
are limited to daytime blood glucose control and did not assess nighttime hypoglycemia with the optimal daytime NPH
insulin dose with insulin lispro; even the
daytime was limited to the period between
lunch and bedtime, leaving the daytime
period between breakfast and lunch not
tested on the optimal daytime regimen.
In conclusion, the present study has
demonstrated that the short-acting insulin
lispro results in improved postprandial
blood glucose control, even when given at
70% of the usual premeal dose, compared
with human regular insulin. However,
because of its short duration of action,
insulin lispro is unable to prevent a deterioration in late postprandial blood glucose
control after 5-6 h. Our data, however,
suggest that insulin lispro plus supplemental NPH is an effective regimen for improving early and late postprandial glycemic
control for up to 8 h.
1711
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CONCLUSIONS— The main objective of the present study was to assess the
metabolic efficacy of optimization of the
daytime basal insulin requirement in
patients with a 6-h or longer interprandial
interval when using the short-acting insulin
analog lispro. This was done by comparing
the daytime blood glucose control achieved
by patients receiving either premeal lispro
alone or premeal lispro plus supplemental
NPH, compared with standard human regular insulin, with total insulin dose
unchanged. Only C-peptide-negative type
1 diabetic patients with preceding fairly
good metabolic control participated in the
study, in order to avoid large interindividual differences in insulin sensitivity. An
open-label design was necessary to make it
possible to vary the dose of premeal lispro
and to give NPH insulin on two of the
study days. A crossover design, limits on
blood glucose concentrations at baseline,
and strict standardization of meal content
and timing all serve to maintain statistical
power in a small and intensive study.
The present study confirmed that
lispro is advantageous, compared with
human regular insulin, for controlling early
postprandial glycemia, as reported previously (14-22). The improvement in postprandial glucose control with insulin lispro
was evident after both lunch and dinner.
More importantly, the significant improvement in postprandial blood glucose control
was also achieved with a reduced dose of
lispro (with NPH), and indeed immediate
postprandial glycemia was identical compared with a usual dose of lispro injected
before a similar meal (Fig. 1). The reduction of lispro dose (30%) was chosen on
the basis that postprandial glucose control
would remain improved given that 1) previous studies at unchanged dose resulted in
considerable biochemical hypoglycemia
(12,17) with likely counterregulatory hormone effects; 2) other clinical laboratory
studies have suggested that unchanged
lispro dose preprandially may be too high
(12,33); and 3) a reduced evening premeal
lispro dose gave equivalent blood glucose
control after dinner in a study of optimal
nighttime insulin dosage (34).
This study design might tend to render
favorable results for insulin lispro, because
the differences in postprandial blood glucose excursions between lispro and human

regular insulin would have been smaller if
human regular insulin had been injected
30 min before the meal. From the pharmacokinetic point of view, there may be an
advantage for an injection-meal interval
(35-37) because of the slow absorption of
human regular insulin after subcutaneous
injection (6-8). However, such an interval
is known to be inconvenient to patients—
the majority of whom do not follow it—
and may be dangerous unless glucose levels
have been measured (26-29). The present
study was therefore performed under conditions closer to normal patient practice.
The basal insulin delivery between the
main meals and in the early part of the
night in the regimen of premeal human
regular plus basal insulin is supplied by the
protracted absorption of the premeal shortacting human regular insulin, which may
last for up to 8 h. In contrast, the duration
of action of lispro proved too short to maintain blood glucose control for even 6 h in
the present study. This deterioration of the
glycemic and metabolic control between
meals may be one of the main reasons for
the difficulties in demonstrating an
improvement in the overall blood glucose
control with insulin lispro (18-22), in particular in patients using the premeal plus
basal insulin regimens.
However, the present study has also
clearly demonstrated that an appropriate
dose of NPH can be chosen to prevent the
preprandial deterioration of glucose levels
noted with the lispro regimen (21-24). We
chose a dose based on the 30% reduction
in lispro dose at both the current (lunch)
and the next (dinner) meal, thus keeping
the total insulin dose equivalent for experimental purposes and resulting in an
approximate 50:50 mixture of lispro:NPH
at lunchtime. The supplemental dose of
NPH proved able to prevent any such
hyperglycemia between the meals; indeed,
if anything, blood glucose levels were lower
4-6 h after lunch on lispro plus NPH compared with human regular insulin.
In usingfixeddoses of lispro and NPH
(15) or of human ultratard insulin rather
than NPH insulin (16), prolongation of control of late postprandial glucose levels for up
to 8 h has been demonstrated. Flexibility of
meal timing is an important advantage of
multiple insulin injections regimens, and it
is possible with human regular insulin without adverse impact on blood glucose control (25). The current results show that
when NPH insulin dose is chosen on the
basis of current human regular insulin

delayed and usual evening meal study day
with reduced-dose lispro plus NPH (data
not shown).

Daytime NPH with lispro
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