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Abstract

Introduction

Objective The optimal approach to relatively recent
onset type 2 diabetes patients is still unknown. We speculated that the use of short-acting insulin analogs might be
of particular benefit in this context.
Patients and Methods To explore this possibility, we
compared the effect on - and -cell function of transient
intensive insulin therapy using lispro versus human regular insulin in a total of 21 type 2 diabetic patients who
were randomly assigned to 14-days intensive insulin therapy consisting of bedtime NPH insulin plus three injections of mealtime lispro (n=11) or regular insulin (n=10).
The dosages of both types of insulin were adjusted to attain preprandial glucose levels of <6.1 mmol/l within 1
week with similar rates of glucose decline. An oral glucose tolerance test (OGTT) was performed at day 0
(baseline), 7, and 14; plasma glucose, serum insulin, and
plasma glucagon responses over 0–120 minutes were
measured, and calculated as the area under the curve
(AUC).
Results Lispro led to a significant reduction in
glucose-AUC and also an increase in insulin-AUC versus
regular insulin on day 7. Glucagon secretion following
OGTT was well suppressed with lispro on day 14 compared to regular insulin.
Conclusion Two-week intensive insulin therapy with
lispro appeared to be more effective than that with regular insulin in type 2 diabetes in attaining both more rapid
-cell rest and greater suppression of glucagon. These
changes may provide significant long-term benefits.
(Internal Medicine 43: 779–786, 2004)

Obesity is recognized to be a major risk factor for the development of type 2 diabetes, and is becoming an increasingly dire health and social problem worldwide (1–3). There
is, however, an important subset of non-obese type 2 diabetes, whose insulin secretion is usually lower than that of
obese diabetics, and to which relatively less attention has
been paid. The optimal therapeutic approach for this nonobese subset has not yet been established and continues to be
an important clinical concern, especially in Japan where such
cases comprise a much greater proportion of the total type 2
diabetic population than in most Western countries (4–6).
In Japan, insulin therapy for patients with type 2 diabetes
is resorted to earlier and used more frequently, partly because its use is associated with less weight gain than in
Western countries (6). Evidence suggests that early insulin
therapy can help correct the underlying -cell dysfunction, at
least some of which is reversible in relatively recent onset
type 2 diabetes, and improve long-term glycemic control (7–
9). For instance, it has been shown that, in newly diagnosed
patients with type 2 diabetes, only 2 weeks of insulin therapy
was sufficient to achieve satisfactory metabolic control for
up to 3 years (10). For these reasons, some diabetologists advocate the initiation of insulin therapy earlier in the course of
non-obese type 2 diabetes than has been common in the past
(11, 12).
In addition to disordered -cell function, -cell dysfunction is also seen in individuals with type 2 diabetes (13–15),
with glucagon concentrations after carbohydrate ingestion either not suppressed or, paradoxically, even increasing, contributing to postprandial hyperglycemia (16–18). The deleterious effects of hyperglycemia per se, however, on -cell
Key words: transient intensive insulin therapy, insulin function are not as well understood as those on -cell funclispro, diabetes mellitus
tion and insulin action (19–21). Intensive glycemic regulation, if achieved early, might promote both -cell and -cell
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Table 1. Baseline Characteristics of Lispro and Regular Insulin Randomization Groups

No.
Sex (M/F)
Age (years)
Diabetes duration (years)
Diabetes treatment (diet/voglibose)
HbA1c (%)
BMI (kg/m2)
Fasting glucose (mmol/l)
Fasting IRI (pmol/l)

Lispro

Regular

p value

11
6/5
57.9±1.6
2.1±0.3
11/2
9.9±0.3
24.4±0.9
11.2±0.6
34.1±3.8

10
5/5
56.0±3.4
2.1±0.2
10/1
10.6±0.7
24.0±0.9
11.7±0.9
28.8±4.3

–
–
0.64
0.78
–
0.39
0.76
0.65
0.38

Data are mean±SEM.

recovery and preservation.
Transient intensive insulin therapy (TIIT) designed to
achieve this is a reasonable goal that may be associated with
major clinical benefit in recent onset uncontrolled type 2 diabetes patients. Two rapidly acting insulin analogs, insulin
lispro and aspart, are currently available in Japan and other
countries, and both insulin analogs are shown to be equally
effective for the control of postprandial blood glucose excursions (22, 23). The use of short-acting insulin analogs might
be particularly suited to approximate this ideal because they
provide more physiological postprandial glucose control
compared with human regular insulin (24), although until
now a comparison of the two insulins in transient intensive
insulin therapy has not been performed in recent onset type
2 diabetes.
With this in mind, we undertook this study to compare the
effect on - and -cell function of TIIT using lispro versus
human regular insulin in a group of poorly controlled relatively recent onset type 2 diabetes patients.

Methods
Subjects

The study subjects consisted of 21 patients with type 2
diabetes who were randomly recruited from August 2002 to
March 2003 among patients consecutively referred to our department. The criteria for participation were: diagnosis of
type 2 diabetes with endogenous insulin production (fasting
C-peptide concentration 0.8 ng/ml at screening) and glutamic acid decarboxylase antibody negative, body mass
index (BMI ) less than 27 kg/m2, aged 35–70 years, diabetes
duration within 3 years, no -cell stimulating agents, fasting
plasma glucose levels of 10–13.9 mmol/l, no renal, hepatic,
or cardiac dysfunction, and no diabetic complications. Three
patients had taken voglibose and discontinued at least 3 days
before the study. The clinical characteristics of the subjects
are shown in Table 1.
All 21 subjects (aged 37 to 70 years) who met the inclusion criteria were randomly assigned in an unmasked fashion
to 14-day intensive insulin therapy consisting of one injec780

tion of bedtime NPH (Humulin N; Eli Lilly, Indianapolis,
IN, USA) insulin plus three injections of lispro 10 minutes
prior to each meal (n=11) (Humalog; Eli Lilly) or human
regular insulin 30 minutes prior to meal (n=10) (Humulin R;
Eli Lilly). Insulin therapy was started from day 0, i.e. after
the oral glucose tolerance test (OGTT) for baseline on the
morning following admission. The study period was 20 days;
all subjects were admitted to the hospital for intensification
of diabetes control, which is standard clinical practice in
Japan, and had all fasting/preprandial blood glucose levels
checked using a portable and calibrated blood glucose meter
(Medisafe; Terumo, Tokyo, Japan) for the entire period of
the study. Diets of 30 kcal/kg ideal body weight containing
at least 200 g (50% of total calories per day) carbohydrate
were consumed during the study period. The dosages of both
types of insulin were started from 0.3–0.4 U/kg, and adjusted
to attain preprandial blood glucose levels of <6.1 mmol/l
within 1 week with similar rates of glucose decline.
After 2 weeks of the optimal insulin therapy, insulin treatment was stopped. Seven-point plasma glucose levels before
and 120 minutes after each of three meals and at bedtime
were measured on 5 days after the cessation of insulin therapy. Good plasma glucose control was defined as fasting levels <7.8 mmol/l, with postprandial levels <11.1 mmol/l. If
mean preprandial glucose levels 7.8 mmol/l or mean 2-h
postprandial glucose levels 11.1 mmol/l were noted in
seven-point plasma glucose, the patients were judged to be
insufficiently treated and glimepiride was added to maintain
better glycemic control thereafter.
Written informed consent was obtained from all subjects
after they were given a complete description of the study,
with local ethics committee approval.
OGTT

Two-h 50 g OGTTs were performed to observe - and
-cell function during the study period. We considered that
the 50 g OGTT was more appropriate than the 75 g OGTT
from the standpoint of ethical consideration because the initial fasting glucose levels of the patients were 180–250
mg/dl. Patients did not inject NPH insulin in the evening preInternal Medicine Vol. 43, No. 9 (September 2004)
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ceding the test which was performed in an overnight 10-h
fasted state on the day following admission (day 0 as baseline), after 7 days of treatment (day 7), and at the end of insulin therapy (day 14). After ingesting an oral glucose load
of 50 g glucose, venous blood samples were obtained at 0,
30, 60, 90, and 120 minutes for determination of plasma glucose, serum insulin, and plasma glucagon. The test procedures were identical for the groups which received lispro and
regular insulin.
Assays and calculations

HbA1c was assessed by ion-exchange high-performance
liquid chromatography with a cation exchange column. The
normal reference limits of HbA1c measured by this method
are 4.3–5.8%. Plasma glucose was measured with the glucose hexokinase method (Shino-Test, Tokyo, Japan). Serum
insulin was measured using an immunoradiometric assay
(Dainabot, Tokyo, Japan). The intra-assay variation was
3.3%, and the inter-assay variation was 1.9%. This insulin
assay did not cross-react with proinsulin. The samples for
glucagon were collected in tubes containing EDTA and
1,500 KIU of aprotinin (Trasylol; Bayer, Leverkusen,
Germany), and were analyzed by radioimmunoassay using
OAL-123, C-terminal-region-specific antiserum of pancreatic glucagon (Daiichi Radioisotope Rabs, Tokyo, Japan).
The intra-assay variation was 5.3%, and the inter-assay
variation was 3.6%. The insulinogenic index was calculated
as [(serum insulin t=30 min-serum insulin t=0 minute)/
(plasma glucose t=30 min-plasma glucose t=0 minute)] (25).
Plasma glucose, serum insulin, and plasma glucagon levels
during the OGTT were calculated as the area under the curve
(AUC) using a trapezoidal method in each case.
Statistical analysis

All calculations were performed with Statview software
(version 5.0; SAS Institute, Inc., Cary, NC, USA). Data were
shown as the mean±SEM. Differences between the different
variables in two groups were analyzed using Student’s t-test.
The repeated measurements analysis of variance test was
used when analyzing the results of the OGTT. Values of
p<0.05 were considered statistically significant.

Results
Average 3-meal preprandial blood glucose levels decreased identically in both the insulin lispro and regular insulin groups to attain the target level of under 6.1 mmol/l,
reaching a plateau after day 7 (Fig. 1A). No patient experienced severe hypoglycemia, defined as a blood glucose reading <3.5 mmol/l, or body weight gain during the study
period. The maximum doses of insulin were similar for the
groups with lispro versus regular insulin (0.65 vs. 0.72
U/kg/day, p=NS), while the insulin dosages began to decrease on day 7 with lispro, preceding day 8 with regular insulin (Fig. 1B). The dosages of NPH insulin were similar on
day 6 for both the groups with lispro and regular insulin
Internal Medicine Vol. 43, No. 9 (September 2004)

(10.0±1.9 vs. 11.2±7.3 U, p=NS), tended to be decreased in
the lispro group on day 13 compared to that in the regular insulin group (6.7±1.3 vs. 10.0±1.1 U, p=0.07). All the patients needed NPH insulin for the 2 weeks to keep fasting
blood glucose levels of <6.1 mmol/l.
Figure 2 shows the profiles of glucose, insulin, and
glucagon concentrations after the ingestion of 50 g-glucose
in the subjects using lispro or regular insulin at day 0, 7, and
14. No significant difference in any profile after oral glucose
load could be detected between the two treatments at baseline. Plasma glucose response to the OGTT was significantly
lower over 120 minutes comparing day 0 to day 7 (p<0.05)
or to day 14 (p<0.05) with both lispro (Fig. 2A) and regular
insulin (Fig. 2B). By contrast, the calculation of the AUC of
glucose levels confirms better glucose tolerance with lispro
than with regular insulin on day 7 (26.9±0.9 vs. 30.5±1.1
mmol · h · l–1, p<0.05), whereas it reached the equivalent levels on day 14 (Fig. 3A). Significant improvement in insulin
secretion was observed on day 14 compared to baseline in
both the groups treated with lispro (AUC: 130.3±22.3 vs.
371.2±36.8 pmol · h · l–1, p<0.001) (Fig. 2C) and with regular
insulin (133.6±23.1 vs. 336.5±49.7 pmol ·h ·l–1, p<0.01) (Fig.
2D). Figure 2D also shows a significant increase in fasting
insulin levels on days 7 and 14 compared to baseline, which
might be due to the delay of insulin clearance. The increase
of post-OGTT serum insulin release was faster with lispro
than with regular insulin; the insulin AUC was significantly
higher with lispro than with regular insulin on day 7 (303.1±
26.7 vs. 250.2±32.4 pmol · h · l–1 , p<0.05) (Fig. 3B). Differences between the groups were also notable when the
insulinogenic index of the lispro group versus the regular insulin group was calculated on day 7 (20.6±3.3 vs. 5.8±1.2
pmol/mmol, p<0.001) and again on day 14 (25.5±3.4 vs.
13.2±2.7 pmol/mmol, p<0.01). Glucagon response to the
OGTT showed a paradoxical rise at baseline, and began to be
suppressed on day 7 only with lispro (Fig. 2E). Suppression
of plasma glucagon concentrations after the ingestion of glucose was not found in the subjects using regular insulin
either on day 7 or 14 (Fig. 2F). Glucagon secretion following
the OGTT was well suppressed in the lispro group on day 14
compared to the regular insulin one (AUC: 216.4±13.6 vs.
273.7±35.8 ng · h · l–1, p<0.05) (Fig. 3C).
Subsequent seven-point plasma glucose profiles 5 days
after stopping 2-week intensive insulin treatment were
shown in Fig. 4. Postprandial plasma glucose levels at breakfast and dinner, and before-lunch were significantly lower
for the subjects taking lispro compared with those taking
regular insulin. Plasma glucose levels before breakfast and
dinner, after lunch, and at bedtime were not significantly different between the treatment groups. Both the average
preprandial and postprandial plasma glucose levels were significantly lower in the lispro group than in the regular insulin
group (6.7±0.4 vs. 8.0±0.4 mmol/l, p<0.05 and 10.1±0.6 vs.
12.1±0.5 mmol/l, p<0.05, respectively). Six of 11 patients
(54.5%) treated with lispro were well controlled with
preprandial blood glucose levels <7.8 mmol/l and
781
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Figure 1. Mean±SEM daily average of 3-meal preprandial blood glucose levels (A) and insulin dosage during the 2-week intensive insulin therapy for lispro and regular insulin
groups (B). Days 6, 13 were excluded from analysis for insulin dosage because NPH insulin
was omitted for the next day’s OGTT on these days. OGTT: oral glucose tolerance test.

postprandial glucose levels <11.1 mmol/l at the time the
study was ended in contrast to only 2 of 10 patients (20%)
treated with regular insulin. The remaining 13 patients who
were judged to show insufficient glycemic control after the
TIIT course tended to have a longer diabetes duration compared with the 8 well-controlled subjects (2.3±0.2 vs. 1.9±
0.3 years, p=0.08). Figure 4B shows the relationship between
the mean values of seven-point plasma glucose levels of Fig.
4A and diabetes duration in each patient. Other discernible
factors such as BMI, age, and HbA1c were not associated
with the glucose control after TIIT.

TIIT would seem to be a reasonable approach. The present
evidence suggested that - and -cell functions showed
greater improvement in uncontrolled type 2 diabetic patients
following 14 days of TIIT using insulin lispro compared with
regular insulin. The view, however, that multiple insulin injections are desirable for type 2 diabetes is not common in
Western countries (26, 27), because among other reasons, it
is feared that exogenous insulin will promote weight gain. In
Japanese, however, weight gain is less of a concern, and diminished insulin secretion appears to be the pivotal event,
making this population particularly vulnerable to the deleterious effects of insulin resistance (28–30). In other words,
Japanese subjects may be more prone to develop ‘insulinopDiscussion
enia’ with less provocation than Westerners. For this reason,
In relatively recent onset type 2 diabetes, mitigation of we consider it reasonable to select short-term intensive insuglucose toxicity which aggravates the insulin secretory de- lin therapy as first-line insulin therapy to achieve -cell rest
fect should be an important goal of therapy; to achieve that in the early course of the disease. In this study, we showed
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Figure 2. Mean±SEM plasma glucose (A, B), serum insulin (C, D), and plasma glucagon (E, F) concentrations during the OGTT for lispro and regular insulin groups at baseline (day 0), day 7, and day 14.
*Statistically significant (p<0.05) difference from baseline (day 0). OGTT: oral glucose tolerance test.

that 2-week intensive insulin therapy, especially with lispro,
improved insulin secretion and glucose kinetics in our subjects without any undesirable effects. Our findings are in
agreement with several lines of evidence, which noted that
the effect of transient tight glycemic control with insulin in
type 2 diabetic subjects uniformly enhanced insulin secretion
and alleviated glucose toxicity (31–34).
Internal Medicine Vol. 43, No. 9 (September 2004)

Using insulin lispro in TIIT resulted in significantly more
rapid -cell rest compared with regular insulin. In the lisprotreated subjects, the required dosage of daily insulin decreased earlier and serum insulin concentrations following
OGTT increased significantly faster compared with the regular insulin-treated subjects. Insulinogenic index, which represents early phase insulin secretion (25), was significantly
783
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Figure 3. Mean±SEM area under the curve (AUC) of plasma
glucose, serum insulin, and plasma glucagon during the OGTT
for lispro and regular insulin groups at baseline (day 0), day 7,
and day 14. *Statistically significant (p<0.05) difference between treatment groups. OGTT: oral glucose tolerance test.

higher for the lispro-treated group than the regular insulintreated group after at least 1-week of TIIT. These results may
support a report by Bruttomesso et al (35) which described
784

that restoration of the early phase in prandial insulin concentration by lispro injection inhibits early prandial glucose output and ameliorates post-prandial hyperglycemia, which may
have a -cell sparing effect.
An important finding in this study is that the subjects who
used lispro benefited from the greater suppression of
glucagon achieved by TIIT. The postprandial secretion of
glucagon is not suppressed or is even elevated in type 2 diabetes, thereby aggravating postprandial hyperglycemia (13–
18). This might be due to loss of paracrine inhibition of cell function by intra-islet insulin and/or chronic hyperglycemia (36, 37). Sufficient -cell recovery or reversal of glucose
desensitization itself might possibly have restored the mealstimulated suppression of glucagon in our lispro group. In
contrast, the group receiving regular insulin did not show
any improvement in abnormal glucagon secretion. Thus, our
study suggests that TIIT using lispro may improve -cell
function in addition to -cell function in type 2 diabetes facilitating tighter glycemic control. Although it is not concluded whether a 2-week period of euglycemia is adequate or
appropriate, a 2-week TIIT using lispro appeared to succeed
in reestablishing satisfactory islet metabolic control.
The current study showed that lispro provided significantly better glycemic control than regular insulin in subsequent daily glucose profiles after cessation of TIIT.
Moreover, 54.5% of the patients treated with lispro attained
good control versus only 20% with regular insulin. The patients whose glycemic control was insufficient after TIIT
tended to show a longer duration of diabetes, implying worsening -cell function over time in type 2 diabetes (38).
There are some limitations in this study. First, we did not
measure insulin sensitivity using clamp studies, as glucose
toxicity can impair insulin sensitivity as well as secretion.
However, previous studies have shown that tight glycemic
control with insulin caused no major rise in insulin sensitivity in type 2 diabetic individuals (19, 30–32). In addition,
Kawamori et al (39) reported that after short-term intensive
insulin therapy, glucose disposal by peripheral tissue using a
euglycemic hyperinsulin clamp was not altered in Japanese
type 2 diabetes. Thus, we focused on observing the time
course of -cell secretory function by TIIT. Secondly, we did
not examine the incretin hormones such as GIP and GLP-1
which could potentiate insulin action during OGTT (40, 41).
A third limitation was the lack of a control group. A fourth
limitation is the fact that the follow-up period is still short,
however, a follow-up study of these subjects is in progress
and will be reported in the future.
In conclusion, transient intensive glycemic regulation by
insulin may promote -cell recovery and preservation. A 2week intensive insulin therapy with lispro appeared to be
more effective than that with human regular insulin in
Japanese non-obese type 2 diabetes in attaining both more
rapid -cell rest and greater suppression of glucagon, possibly providing significant long-term benefits. The benefit of
this approach suggested by these limited data needs to be established by larger scale and longer term controlled studies,
Internal Medicine Vol. 43, No. 9 (September 2004)
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Figure 4. Comparison of 7-point mean plasma glucose profiles (mean±SEM) for lispro and
regular insulin groups 5 days after the cessation of the 2-week intensive insulin therapy (A),
and the relationship between mean values of the 7-point plasma glucose levels and diabetes
duration in each patient (B). *Statistically significant (p<0.05) difference between treatment
groups.

and if confirmed may provide another option to treat this important subset of patients.
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