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The Effect of the Insulin Analog Lispro on
Nighttime Blood Glucose Control in
Type 1 Diabetic Patients

RESEARCH DESIGN A N D METHODS— We studied 23 C-peptide-negative patients;
12 were using a premeal plus basal insulin regimen, and 11 were using twice-daily insulin injections. Patients were admitted to the investigation unit at 5:00 P.M. and received a single dose
of lispro or unmodified regular human insulin before the evening meal. In both groups, the
NPH insulin dose remained unchanged. Identical meals and snacks were eaten at the same time
during both study days.

RESEARCH DESIGN A N D
METHODS— This was a randomized
crossover double-blind comparative study
conducted in two groups of patients
attending a specialist diabetes service.

RESULTS— Average postprandial (6:00-10:00 P.M.) blood glucose concentrations were
significantly lower after lispro therapy compared with human insulin (7.1 ± 0.4 [SE] vs. 8.5 ±
0.4 mmol/1, P = 0.0002). Nighttime (midnight to 4:00 A.M.) blood glucose concentrations were
significantly higher after lispro compared with human insulin (10.3 ± 0.4 vs. 9.1 ± 0.4 mmol/1,
P = 0.02). This difference was greatest in patients on the premeal plus basal insulin regimen
(11.6 ± 0.5 vs. 8.7 ± 0.4 mmol/1, P < 0.001). The incidence of nocturnal hypoglycemia (midnight to 4:00 A.M., blood glucose <3.5 mmol/1) was less with lispro compared with unmodified insulin (1 vs. 6 patients, P = 0.04). Nighttime (midnight to 4:00 A.M.) 3-hydroxybutyrate
(102 ± 13 vs. 51 ± 7 umol/1, P = 0.000) and glycerol (52 ± 3 vs. 42 ± 2 umol/1, P < 0.01) were
significantly higher after lispro therapy compared with human insulin in patients on the premeal plus bolus insulin regimen.

Patients
Twenty-three type 1 diabetic patients gave
written informed consent to participate in
the study, which was carried out according
to the principles of the Declaration of
Helsinki and was approved by the local
ethics committee.
Twelve patients were using a premeal
plus basal insulin regimen, and 11 were
using twice-daily insulin injections. In all
cases, the extended-acting insulin used was
CONCLUSIONS — Lispro can improve postprandial blood glucose control and reduce the
NPH. All patients had been stable on
incidence of nocturnal hypoglycemia at the expense of nocturnal hyperglycemia and hyperinsulin for more than 1 year, with HbAlc of
ketonemia in patients using a premeal plus basal insulin regimen.
7.8 ± 0.9% (mean ± SD) (normal <6.1%)
and no serious hypoglycemic events. All
patients had serum C-peptide <0.18
n clinical practice, it is generally assumed insulin injection (4-10). Accordingly, blood nmol/1 when blood glucose concentration
that hypoglycemia in the early part of the glucose concentration after injection of was >5.0 mmol/1. Patients' clinical characnight (midnight to 3:00 A.M.) is due to unmodified (regular) insulin at any time teristics are given in Table 1. All patients
high plasma insulin concentrations at that after 6:00 P.M. may be lowered at any time up were healthy, apart from their diabetes, and
time as a consequence of the profile of to 2:00 A.M. or later if absorption of food is did not have late diabetic complications.
absorption of extended-acting insulin prepa- no longer occurring. The combined effect
rations (1-3). However, it is well recognized with the early phase of absorption of the
Methods
that, while the onset of action of unmodified nighttime extended-acting insulin is likely to
Each patient was studied on 2 separate
(regular, soluble) insulin may be as soon as be particularly significant.
days, at a 1- to 4-week interval. At 1-3
30 min after injection, a significant glucoseThe fast-acting human insulin analog weeks before the first study day, patients
lowering effect may extend to 6-8 h after lispro is absorbed more quickly and has a
were screened by medical history, physical
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examination, blood count, and serum biochemical analysis.
On each study day, patients were
requested to undertake their normal activities and to take their normal food and
insulin up to the time of admission to the
investigation unit at 5:00 P.M. for overnight

DIABETES CARE, VOLUME 21, NUMBER 1, JANUARY

1998

Downloaded from http://diabetesjournals.org/care/article-pdf/21/1/32/585258/21-1-32.pdf by guest on 06 October 2022

OBJECTIVE — Unmodified regular insulin has a long absorption tail, unlike the fast-acting
insulin analog lispro, and may contribute to hypoglycemia in the early part of the night. A randomized crossover double-blind study was performed to compare blood glucose concentrations
in the early part of the night in type 1 diabetic patients receiving lispro or unmodified regular
human insulin, in random order, on 2 separate study days.

faster onset and shorter duration of action
than unmodified regular human insulin
(11-17). Accordingly patients using lispro
before their evening meal might be
expected to have higher blood glucose levels and, thus, less risk of hypoglycemia in
the early part of the night. This hypothesis
has therefore been tested in people with
type 1 diabetes using either a premeal plus
basal insulin regimen or twice-daily insulin
injections.

ABU BAKER E. AHMED, MRCP
PHILIP D. HOME, DM, DPHIL, FRCP

Ahmed and Home

8:00 A.M.

If blood glucose concentrations fell to
<3.5 mmol/1, blood sampling frequency was
increased to half-hourly Patients were treated
only if they were symptomatic or developed
restlessness plus biochemical hypoglycemia
during sleep. Symptomatic hypoglycemia or
restlessness plus hypoglycemia during sleep
were managed with a 20-g carbohydrate
snack, which was repeated if symptoms did
not abate within 10 min. Treatment of hypoglycemia before midnight on either study
day was taken as invalidating that study day,
and the patient was invited to repeat the
DIABETES CARE, VOLUME 21, NUMBER 1, JANUARY

study day at a later date. Treatment of hypoglycemia from midnight to 8:00 A.M. was
taken as invalidating metabolic data collected
after the time of that treatment.
A blood glucose of <3.5 mmol/1 in
the absence of symptoms before midnight
and with or without symptoms between
midnight and 4:00 A.M. was taken as the
endpoint for analysis and comparison of
the incidence of hypoglycemia.
Biochemical analysis
Blood glucose was measured using a glucose oxidase method (Yellow Springs
Instruments Model 2300 Stat Plus Glucose
Analyzer, Yellow Springs, OH). Glucose
was measured in whole blood within 2
min of blood samplings.
To remove antibody-bound insulin,
plasma was mixed with an equal volume of
30% polyethylene glycol immediately after
blood collection (18). Plasma free insulin
was measured by radioimmunoassay (19),
using insulin or lispro standards as appropriate. Serum C-peptide was measured by
an enzyme-linked immunosorbent assay
using a commercially available kit (Dako
Insulin, Ely, U.K.). Blood intermediary
metabolites were measured as previously
described (20). Plasma growth hormone
was measured using immunoradiometric
assay reagents (Netria, London, U.K.)
Statistical analysis
The primary hypothesis was set for mean
blood glucose concentrations in the early
part of the night (midnight to 4:00 A.M.),
with secondary hypotheses for biochemical
hypoglycemia in this and other time periods and blood glucose concentrations in
other time periods.
All data were entered into a computer
database and checked for correct entry
Data analysis was by standard parametric
methods. Results are expressed as means ±
SE unless stated otherwise. Statistical comparison was by paired Students t test. Logarithmic transformation was used to correct
skewed distributions.
The blood glucose level for biochemical hypoglycemia was set at <3.5 mmol/1.
Biochemical hypoglycemic episodes with
blood glucose <3.5 mmol/1 in the absence
of symptoms before midnight and with or
without symptoms between midnight and
4:00 A.M. were taken as the endpoint for
analysis and comparison.
The occurrence of hypoglycemia in
those on lispro and in those on unmodified
human insulin was compared using Fishers
1998

Table 1—Clinical characteristics of the
patients studied
Patients (n)
Premeal basal regimen (n)
Twice-daily regimen (n)
Sex (M/W)
Age (years)
BM1 (kg/m2)
Duration of diabetes (years)
Daily insulin dose (U)
HbAk. (%)
Serum C-peptide (nmol/1)

23
12
11
10/13
36 ± 11
25.3 ± 3.4
13 ± 10
43 ± 10
7.8 ± 0.9
0.10 ±0.05

Data are means ± SD or n. Normal HbAK

exact test. Other observations are reported
as a matter of observation only.
RESULTS
Blood glucose concentrations
Evening. Baseline blood glucose concentrations before the evening meal at 6:00 P.M.
were comparable on the 2 study days
(insulin vs. lispro: 6.5 ± 0.5 vs. 6.6 ± 0.5
mmol/1) (Table 2).
Average postprandial blood glucose
concentrations (6:00-10:00 P.M.) were
significantly lower after lispro compared
with unmodified insulin (7.1 ± 0.4 vs. 8.5 ±
0.4 mmol/1, P < 0.001), a difference mainly
due to the patients on the premeal plus
basal insulin regimen (6.2 ± 0.4 vs. 8.2 ±
0.4 mmol/l, P < 0.001). Inspection of the
blood glucose profiles (Fig. 1) shows a more
rapid fall in postprandial glucose concentrations with lispro, converging again by
10:00 P.M. Maximum difference in postprandial blood glucose concentrations
between lispro and human insulin was
found 2 h after the meal (at 8:00 P.M.) and
was 4.4 ±1.0 mmol/1 on the premeal plus
bolus regimen (P < 0.01) and 1.3 ± 1.1
mmol/1 on the twice-daily insulin regimen
(P > 0.05). Of patients on the premeal plus
basal insulin regimen, the average blood
glucose concentration 2 h after insulin
injection (at 8:00 P.M.) was 4.8 ± 0.8 mmol/1
with 95% CI 3.1-6.4 mmol/1 after lispro
therapy compared with 9.1 ± 1.1 mmol/1
with 95% CI 6.1-11.6 mmol/l after unmodified human insulin therapy (P = 0.0015).
Blood glucose fell to hypoglycemic levels in six patients on lispro and two patients
on unmodified insulin (0.10 > P > 0.05).
Nighttime. Average nighttime blood glucose concentration (midnight to 4:00 A.M.)
on the premeal plus basal regimen was
33
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study. A sampling cannula was placed in
one arm and kept patent between samples
with 0.15 mol/1 NaCl in water. Blood glucose concentration was measured on arrival
at the investigation unit, and patients
whose blood glucose concentrations were
not between 4.0 and 12.0 mmol/1 at 5:00
P.M., or whose blood glucose concentrations were more than 2.5 mmol/1 different
on study day 2 from study day 1, were
requested to return another day.
Patients had an evening meal from a
choice of foods at 6:00 P.M. The choice of
foods and amount were recorded, and an
identical meal and snacks were given at the
same time on study day 2. At 5 min before
the evening meal, in a double-blind manner
according to a randomization schedule,
patients received a subcutaneous injection
of either the insulin analog lispro (Humalog,
Lilly, Basingstoke, U.K.) or unmodified
human insulin (Humulin S, Lilly) into the
abdominal wall of the periumbilical region
by means of a pen injector. The dose of
lispro or human insulin administered before
the evening meal on each of the study days
was each patients usual insulin dose at that
time and was the same dose on both study
days (premeal plus basal regimen: 10 ± 3
(mean ± SD) U; twice-daily regimen: 10 ± 5
U). Patients on a premeal plus basal insulin
regimen received their injection of
extended-acting insulin at 10:00 P.M., and
patients on the twice-daily insulin regimen
received their extended-acting insulin at
same time as they received their short-acting insulin by separate injection. The dose
and type of extended-acting insulin were
unchanged from the patients usual regimen (premeal plus basal regimen: 17 ± 5 U;
twice-daily regimen: 13 ± 6 U).
Blood samples for measurement of
blood glucose, plasma free insulin, serum
growth hormone, and blood intermediary
metabolite concentrations were obtained
at 5:30 P.M., 6:00 P.M., and then hourly until

Lispro in type 1 diabetes

Table 2—Blood glucose concentrations after subcutaneous lispro or unmodified human insulin
injection

Time
Baseline (6:00 P.M.)

Postprandial
(6:00-10:00 P.M.)

Insulin regimen
Premeal plus basal
Twice daily
All patients
Premeal plus basal
Twice daily
All patients

Prebed (10:00 P.M.)

4 : 0 0 A.M.)

Fasting (8:00 A.M.)

6.4
6.5
6.6
6.2
8.0

±0.6
±0.7
±0.5
±0.4
±0.5

7.1 ±0.4
9.6 ± 1.1
8.8 ±0.7
11.6 ±0.5
8.7 ±0.6
8.8 ±0.7
12.4 ± 1.0
10.5 ±1.5
11.3 ±1.0

6.6 ±0.7
6.4 ±0.7
6.5 ±0.5
8.2 ±0.4
8.3 ±0.6
8.5 ±0.4
8.4 ±1.2
9.5 ±1.7
9.1 ±1.0
8.7 ±0.4
9.8 ±0.7
9.1 ±0.4
9.7 ± 1.3
11.8 ± 1.6
10.4 ±1.3

NS
NS
NS
0.0002
NS
0.0002
NS

Free insulin (pmol/1)
500
250-

NS

NS
0.000
NS
0.02
0.037
NS

Blood 3-Hydroxybutyrate (umol/l)
240

160
80-

NS

Data are means ± SE.

Time (h)

1800
significantly higher after lispro therapy
compared with unmodified insulin (11.6 ±
0.5 vs. 8.7 ± 0.4 mmol/l, P < 0.001). However, no significant difference in early nighttime glucose concentrations was found on
the twice-daily insulin regimens (8.4 ± 0.6
vs. 9.5 ± 0.7 mmol/l) (Table 2).
Inspection of the blood glucose profile
shows that glucose concentrations rose
steadily on the premeal plus basal insulin
regimen on the lispro study day from 9:00
P.M. onward and that the difference persisted for the most part throughout the
night. The maximum difference was found
at 3:00 A.M. and was 3.4 ±1.3 mmol/l (P <
0.05).
Blood glucose concentrations fell to
hypoglycemic levels in one patient on lispro
and six patients on unmodified insulin (P <
0.05) between midnight and 4:00 A.M.
Nighttime hypoglycemia (midnight to 4:00
A.M.) included all biochemical hypoglycemic episodes, whether symptomatic or
asymptomatic and treated or untreated.
Fasting. Fasting blood glucose concentrations (8:00 A.M.) appeared higher after
lispro therapy compared with human
insulin in patients on the premeal plus
basal regimen (12.4 ± 1.0 vs. 9.7 ± 1.3
mmol/l) (P = 0.037) (Table 2).
There was no difference in fasting
blood glucose concentration between lispro
and human insulin in patients using the
twice-daily insulin regimen (10.2 ±1.5 vs.
11.2 ±1.6 mmol/l) (Table 2).
34

Plasma free insulin
Baseline plasma free insulin concentrations
before the evening meal at 6:00 P.M. were
comparable on both study days (insulin vs.
lispro: 123 ± 20 vs. 148 ± 23 pmol/1) (Table
3).
After lispro injection, plasma insulin
concentrations peaked earlier and declined
faster than after human insulin (Figs. 1 and
2). Maximum postprandial insulin concentration was significantly higher after lispro
than after unmodified insulin (475 ± 65 vs.
257 ± 35 pmol/1, P < 0.001) for patients
using the premeal plus basal regimen and
for all patients (413 ± 42 vs. 295 ± 29
pmol/1, P < 0.05). Maximum insulin con-

2300

0300

0800

Figure 1—Evening and nighttime (6:00 P.M. to
8:00 A.M.) blood glucose, plasma free insulin, and
blood 3-hydroxybutyrate concentrations (means
± SE) in patients using the premeal plus basal
insulin regimen after subcutaneous injection of
unmodified human insulin (D) lispro ( • ) .

centration was reached earlier after the
lispro injection (Figs. 1 and 2).
In patients on the premeal plus basal
regimen, average postprandial (6:00-10:00
P.M.) insulin concentrations were significantly higher for lispro compared with
human insulin (224 ± 26 vs. 180 ± 14

Table 3—Free insulin concentrations after lispro or unmodified insulin injection

Time
Baseline (6:00 P.M.)

Postprandial
(6:00-10:00 P.M.)
Nighttime
(midnight to
4 : 0 0 A.M.)

Insulin regimen
Premeal plus basal
Twice daily
All patients
Premeal plus basal
Twice daily
All patients
Premeal plus basal
Twice daily
All patients

Free insulin
concentrations (pmol/1)
Insulin
Lispro
139 ± 22
171 ±25
148 ± 23
224 ± 26
228 ± 19
226 ±16
95 ±10
118 ±10
106 ± 7

113 ±20
170 ±31
123 ±20
180 ± 14
215 ±18
197 ±11
98 ± 6
105 ± 8
101 ± 5

P
NS
NS
NS
0.014
NS
0.030
NS
NS
NS

Data are means ± SE.
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Nighttime
(midnight to

Blood glucose
concentrations (mmol/l)
Insulin
Lispro

8.5 ±0.9

Twice daily
All patients
Premeal plus basal
Twice daily
All patients
Premeal plus basal
Twice daily
All patients

Blood glucose (mmol/l)
16

Ahmed and Home

Blood glucose (mmol/l)

Table 4—Growth hormone concentrations after lispro or unmodified insulin injection

Time
Baseline (6:00 P.M.)
Free insulin (pmol/l)
400 i

Postprandial
(6:00-10:00 P.M.)

200Nighttime
(midnight to
4 : 0 0 A.M.)

Premeal
Twice daily
All patients
Premeal
Twice daily
All patients
Premeal
Twice daily
All patients

6.7
4.4
5.6
5.2
2.3
3.8
5.6
9.2
7.2

7.1
5.0
5.5
3.6
2.1
2.9
7.4
7.4
7.5

±2.3
±1.6
±1.4
±1.1
±0.5
±0.6
±1
±2.0
±1.1

P
NS
NS
NS
NS
NS
NS
NS
NS
NS

±2.9
±1.5
±1.7
±0.7
±0.4
±0.4
±1.2
± 1.4
± 0.9

Data are means ± SE.

160-

from 9:00 P.M. to a peak at 11:00 P.M. and
remained
elevated and significantly higher
80
after lispro therapy compared with human
insulin during the night (midnight to 4:00
0
Time (h)
A.M., 102 ± 13 vs. 51 ± 7 pmol/l, P < 0.001)
2300 0300
0800
(Fig. 1). In patients on the premeal plus
1800
basal insulin regimen, fasting 3-hydroxybuFigure 2—Evening and nighttime (6:00 RM. to tyrate concentrations (8:00 A.M.) after lispro
8.00 A.M.) blood glucose, plasmafree insulin, and therapy were not different from those after
blood 3-hydroxybutyrate concentrations (meanshuman insulin (173 ± 42 vs. 174 ± 48
± SE) in patients using the twice-daily insulin regpmol/l). In patients on the premeal plus
imen after subcutaneous injection of unmodified
basal
insulin regimen, 3-hydroxybutyrate
human insulin (D) or lispro (•).
concentrations after lispro increased steadily
throughout the night and the early morning,
pmol/l, P = 0.014) (Table 3). However, in while those after human insulin increased
patients on twice-daily insulin regimens, only during the early hours of the morning,
there is no significant difference (228 ±19 reaching a level similar to that after lispro at
the end of the study (8:00 A.M.).
vs. 215 ± 18 pmol/l) (Table 3, Fig. 2).
There was no difference found in the
Blood glycerol levels echoed the profile
average nighttime (midnight to 4:00 A.M.) of 3-hydroxybutyrate concentrations in
insulin concentrations on either regimen patients on the premeal plus basal insulin
(Table 3).
regimen (midnight to 4:00 A.M., 52 ± 3 vs.
42 ± 2 umol/l, P < 0.01).
Growth hormone concentrations
Baseline growth hormone concentrations at CONCLUSIONS— The insulin ana6:00 P.M. were similar on both study days log lispro, with a faster onset and a shorter
and in both study groups. No differences duration of action compared with human
were found between lispro and unmodified insulin when given subcutaneously has
insulin studies in either group in any time characteristics that make it superior in conperiod. A typical nocturnal profile was trolling postprandial blood glucose levels
found in both study groups (Table 4, Fig. 3). (11-17). However, overall blood glucose
control has proved difficult to improve
(21-25), perhaps partly because of higher
Blood intermediary metabolites
Blood lactate, pyruvate, and alanine con- late postprandial blood glucose concentracentrations and profiles did not differ tions (26,27). Higher nighttime glucose
between lispro and insulin on either regi- concentrations could also contribute to this
difference and have been reported for other
men (data not shown).
Blood 3-hydroxybutyrate and glycerol analogs (25,28), but this may only be
were also similar between lispro and insulin advantageous in lowering the risk of much
on the twice-daily insulin regimen (Fig. 2). feared nighttime hypoglycemia.
However, on the premeal plus basal insulin
In the present study, we compared the
regimen, 3-hydroxybutyrate rose steadily nighttime metabolic control achieved by
DIABETES CARE, VOLUME 21, NUMBER 1, JANUARY 1998

type 1 diabetic patients when either lispro or
human insulin was injected preprandially
(before the evening meal). In order to avoid
large interindividual differences in insulin
sensitivity, we allowed only C-peptide-negative type 1 diabetic patients with good
metabolic control to participate in the study.
The study confirmed that in type 1 diabetic patients, whether on a premeal plus
basal insulin regimen or a twice-daily insulin
regimen, premeal subcutaneous injection of
lispro resulted in better postprandial blood
glucose control compared with human
insulin, as reported previously (16,21,26,
29-32). The difference in postprandial
blood glucose excursions between lispro and
human insulin would have been smaller if
Pre-meal + bolus insulin regimen
Growth hormone (pg/l)

30
2010

o-10Twice daily insulin regimen
_0

Growth hormone (pg/1)

2010
0
'10

Time (h)
1800

2300

0300

0800

Figure 3—Evening and nighttime (6:00 P.M. to
8:00 A.M.) plasma growth hormone concentrations (means ± SE) in patients using the premeal
plus basal insulin or twice-daily insulin regimen
after subcutaneous injection of unmodified human
insulin ( • ) or lispro ( • ) .
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Blood 3-hydroxybutyrate (umol/l)
240 n

Insulin regimen

Growth hormone
concentrations (pg/l)
Insulin
Lispro
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insulin. Such observations were not seen in
patients on the twice-daily insulin regimen,
consistent with the blood glucose results.
Hyperglycemia and hyperketonemia were
noted previously in the late postprandial
period (3-7 h) after lispro therapy and were
not found when NPH was injected at the
same time as preprandial lispro (26).
In summary, the present study demonstrated that premeal lispro resulted in
improved postprandial glycemic control
and reduced blood glucose excursions.
This was achieved when patients were
receiving lispro therapy immediately before
meals, demonstrating more flexibility in
lispro therapy. More importantly, lispro
therapy reduced the incidence of nocturnal
hypoglycemia without disturbance of overall blood glucose control. Accordingly,
lispro may be the ideal premeal insulin
therapy for patients with recurrent early
nocturnal hypoglycemia, able to ease fears
of the most unwanted side effect of insulin
therapy However, this is at the expense of
hyperglycemia and hyperketonemia in the
early part of the night.
It may be that with optimization of
mealtime and basal insulin doses (possibly
less lispro and more NPH insulin), those
patients not prone to nighttime hypoglycemia may be able to gain an overall
improvement in blood glucose control when
using fast-acting insulin analogs (41,42).
With optimal basal insulin replacement to
adapt for the fast-action properties of lispro,
it may be possible to improve the postprandial, nighttime, and morning blood glucose
profile and to abolish the nighttime hyperketonemia and, thus, improve the overall
blood glucose control. As a consequence,
more precise adjustment of optimal basal
insulin replacement might further improve
the overall blood glucose control and
improve the average HbAlc without masking the positive effects of lispro in improving
postprandial blood glucose control and
reducing the incidence of hypoglycemia,
particularly nocturnal hypoglycemia.
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human insulin had been injected 30 min
before the meal (33,34), but in the present
study, it was injected 5 min before the meal
so as to make the study double-blind and
closer to normal patient practice (35).
In patients on the premeal plus basal
insulin regimen, nighttime (midnight to
4:00 A.M.) blood glucose levels were significantly higher after lispro than after unmodified human insulin. This appears to be
due to hypoinsulinemia from 10:00 P.M. or
earlier, as blood glucose concentrations are
rising quickly by this time (Fig. 1) (7,8).
In patients on the twice-daily insulin
regimen, the nighttime blood glucose profile after lispro was not different from that
using unmodified insulin, perhaps because
of a more dominant role for the extendedacting preparation when injected earlier in
the evening. In previous studies, it has been
demonstrated that preprandial injection of
lispro and NPH together improves postprandial blood glucose control for up to 7
h after the meal in contrast to preprandial
injection of either human insulin or lispro
separately (26,27). Thus, for the twicedaily regimen, the present study is consistent with earlier studies that lispro therapy
results in comparable overall blood glucose control despite improved postprandial
blood glucose (24,36,37).
There was no significant difference in
the incidence of hypoglycemia during the
postprandial period (6:00-10:00 P.M.) after
lispro therapy compared with unmodified
human insulin, but the difference (6 vs. 2
events) suggests the possibility of a type 2
statistical error due to low study power, and
the study design (in excluding patients having hypoglycemia before midnight) may
have biased these results.
Importantly, the incidence of nighttime
(midnight to 4:00 A.M.) hypoglycemia was
significantly lower after lispro compared
with human insulin. This occurred at a time
when the blood glucose concentrations were
significantly higher after lispro compared
with human insulin therapy (Table 2). Previous reports have shown a small overall
reduction in the incidence of hypoglycemia
in patients receiving lispro (21-23,29,32,
38,39), with a lower rate of nocturnal hypoglycemia in patients on lispro compared
with human insulin (32,38,40).
This study also demonstrated that, in
patients on a premeal plus basal insulin
regimen, there is relative hyperketonemia in
addition to hyperglycemia in the early part
of the night after lispro therapy, but this
does not occur after unmodified human
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