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Abstract To investigate the effects of short-term (1 week) intensive insulin therapy, on
glycemic control, insulin secretion, and insulin sensitivity in type 2 diabetic patients, an
open prospective study was conducted in sixteen type 2 diabetic patients receiving diet
therapy alone or treatment with oral hypoglycemic agents. Of the study subjects, 8
patients were treated with insulin, the remaining 8 patients served as the control group.
The metabolic parameters were evaluated once before treatment and once during one of
the following treatments : glycemic control as measured by 1,5-anhydro-D-glucitol (1,5-
AG) and area under curve of glucose (AUCgucose), insulin secretion as measured by area
under curve of daily serum insulin (AUCiusuiin), and insulin sensitivity as measured by the
K index of the insulin tolerance test (Kirr).

Post-treatment plasma glucose (AUCgyucose) and 1,5-AG levels in patients who had
received intensive insulin therapy were comparable to those of the control group. A
statistically significant increase in AUCineuin 0ccurred after intensive insulin therapy for
just 1 week, while no change occurred in the control group. Insulin sensitivity (Krr) did
not improve significantly in patients treated with insulin or patients from the control
group.

These results indicate that intensive insulin therapy for 1 week improves insulin secretion
remarkably but has little effect on insulin sensitivity in type 2 diabetic patients. Clinical-
ly, this suggests that intensive insulin therapy for one week might be one of the initial
treatments of choice for such patients.

Key words : intensive insulin therapy, glucose toxicity, type 2 diabetes, insulin secretion,
insulin sensitivity

Introduction

Glucose toxicity may be defined as
impaired insulin release and/or a conse-
quence of exposure to hyperglycemia.
Thus, when a patient presents with type 2
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diabetes and severe hyperglycemia, there is
a deficient insulin secretion that may in part
be mediated by glucose toxicityV?. Correc-
tion of the hyperglycemia improves insulin
sensitivity and insulin secretion®. Patients
with type 2 diabetes, whose glucose control
has deteriorated while on oral hypoglycemic
agents (OHA) or after an adjustment of diet
only, who have been treated with intensive
insulin therapy, gained a marked improve-
ment of their glycemia that was associated
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with improved insulin secretion and sensitiv-
ity®. The question arises if the beneficial
effects of the correction of hyperglycemia
are related to the duration of intensive insu-
lin therapy. Many documents argue in this
connection®~®. Recently, Ryan et al.®
showed the 2-to-3 weeks course of intensive
insulin therapy successfully laid a founda-
tion for prolonged good glycemic control in
newly diagnosed type 2 diabetic patients.
Li et al.!® reported that intensive insulin
therapy with continuous subcutaneous insu-
lin infusion for 2 weeks improved long-term
glycemic control in newly diagnosed type 2
diabetic patients'®. Against this back-
ground, we examined insulin secretion and
sensitivity after one week of intensified
insulin regimens with three or four daily
injections in type 2 diabetes patients who
were no longer adequately controlled by
diet and OHA medication. If this short
term intensive insulin therapy is beneficial,
this treatment can lead to a shorter stay in
hospital.

Patiens and Methods

Sixteen type 2 diabetic patients gave
informed consent to participate in this
study. The study protocol was approved
by the institutional review board of the
National Hospital Organization Kyushu
Medical Center. Patients were admitted to
the National Hospital Organization Kyushu
Medical Center because their diabetes could
be controlled poorly. They had no severe
disease of the liver or endocrine system or
displayed any severe diabetic complication.
They received either diet therapy alone or
treatment with oral hypoglycemic agents
including gliclazide, glibenclamide, nateg-
linide, acarbose and metformin.

Of the 16 patients, 8 patients were treated
with short-acting insulin before each meal

and intermediate-acting insulin at bedtime
if necessary without using any oral hypog-
Iycemic agents. In concrete insulin was
started at a dose of 4 units of regular insulin
(Novolin R FlexPen, Novo Nordisk, Den-
mark) before meals and 4-8 units NPH
(Novolin N FlexPen, Novo Nordisk, Den-
mark) at 10 : 00 PM if necessary. Capillary
glucose levels were measured before meals
and 2h post prandially once on 2 days.
Targeted glucose levels were <8 mmol/1
before breakfast and <15 mmol/1 2h after a
meal, and the insulin dose was increased by
4-8 additional units with each injection to
attain these levels. The other 8 patients
received diet therapy alone or treatment
with oral hypoglycemic agents which they
used before hospitalization continuously
and served as control subjects. These
patients were divided in these two groups at
random.

The demographic characteristics of the
patients are shown in Table 1. The age,
BMI, diabetic therapy, and duration of the
illness of the patients who received insulin
therapy were comparable to the control
patients. Other parameters, HbAlc, total
cholesterol, triglyceride, HDL cholesterol
and LDL cholesterol were also comparable
in both groups.

Daily glycemic excursions, insulin secre-
tion, and insulin sensitivity were measured
before patients entered the study and 1 week
after commencement of study treatment.
Insulin therapy was terminated on the day
before the study day to avoid that
exogenous insulin would be included in the
circulating insulin levels and make interpre-
tation about insulin secretion impossible.
Blood samples were taken at 07 : 00, 10 : 00,
11:30, 14:00, 17:30, 20:00, and 22:00
hours to determine plasma glucose and
serum insulin levels. HbAlc and 1,5-anhy-
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Table 1 Clinical characteristics of type 2 diabetic patients

Insulin-treated Control
n (M/F) 8 (8/0) 8 (7/1)
Age (yers) 59.1+8.6 63.5+11.6
BMI (kg/m2) 23.8%+3.0 24.2%2.5
Treatment (diet/SU) 4/4 2/6
Duration of illness 12.1%£8.7 15.946.2
HbAlc (%) 11.5+£2.3 10.3%+1.3
TC (mg/dl) 195.6+£49.2 201.3+34.5
TG (mg/dl) 163.3+122.7 185.3+£99.1
HDL (mg/dl) 40.3£7.0 40.0£9.8
LDL (mg/dl) 122.8+36.9 127.1%£40.0

Data are means=®SD

TC: total cholesterol TG: triglyceride HDL: HDL-cholesterol LDL:

LDL-cholesterol

dro-D-glucitol (1,5-AG) were measured in
blood samples obtained at 07 :00.
Glycemic control was assessed by area
under the curve of glucose (AUCgucose), and
insulin secretion was assessed by area under
the curve of insulin (AUCipsuiin).  AUCgiucose
and AUCysuiin Were calculated by the trap-
ezoidal method'”. Insulin sensitivity was
assessed by the K index of the short insulin
tolerance test (Kirr) according to the
method of Borona et al'®. Briefly, a
baseline blood sample was obtained 3 min
before insulin infusion in the morning before
breakfast. A bolus of regular insulin (0.1
U/Kg) was infused, and blood sample were
then obtained 3, 6, 9, 12, and 15 min after
insulin infusion. K;rr was calculated from
the formula Ki;r = 0.693/t1/2. Plasma
glucose t1/2 was calculated from the slope
of least-squares analysis of plasma glucose
concentrations from 3 to 15 min after the
bolus injection of insulin.

Plasma glucose was measured with an
automatic analyzer by the glucose oxidase
method (Kyoto-Daiichi Kagaku, Xyoto,
Japan). Immunoreactive insulin was mea-
sured by a commercial radioimmunoassay
kit (Shionogi, Osaka, Japan). HbAlc was
measured by the high-performance liquid

chromatography method (Kyoto-Daiich
Kagaku, Kyoto, Japan). Serum 15-AG
was measured by enzymatic methods
(Nippon Kayaku, Tokyo, Japan).

Statistical analysis

Statistical analysis was conducted with
the two-tailed Student’s t test for paired
and unpaired data. Data were presented as
means + SE or SD. Differences were con-
sidered statistically significant at P< 0.05.

Results

The baseline values of AUCgucose Of
patients on intensive insulin therapy were
not significantly different from control
patients (Table 2). As shown in Fig 1 A
and B the daily profiles of plasma glucose in
the two groups of the patients before study
treatment were also comparable. Signifi-
cant decreases in 1,5AG and AUCgucose WeTE
observed in both groups, and the levels were
almost comparable between the two groups.
Therefore, both groups of patients reached
similar levels of glycemic control after
study treatment (Table 2).

Insulin secretion before study treatment
in patients receiving intensive insulin ther-
apy was comparable to that of control
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patients, as assessed by AUCysuin Or the
graphed daily profiles of serum insulin
(Table 2, Fig 1C and D). A statistically
significant increase in AUCinsuiin Was obser-
ved in patients on insulin after treatment.
In contrast, AUCipsmin did not change in
control patients after treatment. After
patients were treated with insulin, a remark-
able increase after meals in the graphed
serum insulin was observed (Fig 1C). In
contrast, the graphed serum insulin level did
not changed in control patients (Fig 1D).
Kirr, an index of insulin sensitivity, did not
change after study treatment in patients
receiving insulin and control patients (Table
2). Therefore, the insulin sensitivity did
not improve in both groups after 1 week.

Even though we have changed the method
of treatment to OHA medication or diet
cure only after 1 week intensive insulin
treatment, the blood sugar level control did
not worsen at least for 7-10 days beyond the
testing until the patients discharged. (data
was not shown).

Discussion

Prolonged hyperglycemia per se was
shown to cause B-cell secretory defects!®!®
and resistance to insulin action'®!®. Sev-
eral studies have shown that induction of
normoglycemia in type 2 diabetes resulted
in an improved pB-cell function and im-
proved insulin action. Although results

have been variable, there seems to be a
consensus that a period of normal blood
glucose levels improves insulin secretion
and reduces insulin resistance'”~?,

The question arises whether beneficial
effects of correction of hyperglycaemia are
related or not to the duration of B-cell rest.
If beneficial effects were to increase with
duration, then a prolonged period of inten-
sive insulin treatment should precede other
less demanding treatments. It has been
reported that intensive insulin treatment for
2-3 months can produce lasting results”®.
Recently several results indicated that a 2-
to-3 week’s course of intensive insulin ther-
apy can successfully lay a foundation for
prolonged good glycemic control in newly
diagnosed type 2 diabetic patients?®,
However the possible advantage of long
versus short period of intensive insulin treat-
ment for improving insulin secretion in
diabetes patients who were not adequately
controlled by diet and OHA medication for
a long term has not been specifically tested.
Here we demonstrated the effect of inten-
sive insulin therapy during one week on
insulin secretion and insulin action in
diabetes patients whose duration of the
known illness were more than ten years.

Our results showed that plasma glucose
(AUCqgucose) and 1, 5-AG in patients who had
received intensive insulin therapy were com-
parable to patients in the control group.

Table 2 Glycemic control, insulin secretion and insulin sensitivity in type 2 diabetic patients before

and after the study treatment

Insulin-treated Control P value

Before After after/hefore% Before After after/before%
AUC glucose (mmol)  252.994:24.29 180.25+£12.65 75.75%£8.20 192.99£18.37 150.45+16.23 78.65+4.05 0.7559
1,5 AG 1.70+0.25 3.51+0.89 259+57 2.9+0.68 4.58+0.86 170£10 0.0551

AUC insulin (pmol)

Kitt (%/min) 1.90+0.30 1.54+0.20 85+8

1500.22+360.11  2371.88+481.74  167.01414.80 1779.74+232.20  1522.05+21420  83.851-4.89 0.0001

1.97+0.31 1.83+0.24 104+21 0.3894

after/before % means the ratio that divided the each values of AUC glucose, 1,5 AG, AUC insulin and Kitt before the
study treatment by the values after the treatment, repectively.
Data are mean=+SE. P value showed the difference of the values of after/before %.
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Fig. 1 Changes in daily plasma glucose and
serum insulin levels before (@) and
after (O) treatment. Data are presented
as mean+SE. A: Plasma glucose
levels in patients treated with insulin.
B: Plasma glucose levels in control
patients receiving diet therapy alone or
treated with an oral hypoglycemic
agent. C: Serum insulin levels in
patients treated with insulin. D:
Serum insulin levels in control patients
receiving diet therapy alone or treated
with an oral hypoglycemic agent.

However, a statistically significant increase
in AUCnsuin occurred after short term inten-
sive insulin therapy, but no change occurred
in the control group. Insulin sensitivity
(Kirr) did not improved to a statistically
significant level in patients treated with
insulin and patients in the control group.
These results indicate that intensive insulin
therapy for only one week improved insulin
secretion remarkably but had little effect on
insulin sensitivity despite a improved con-
trol in type 2 diabetic patients. Although
we do not have detailed measures of insulin
secretion or action, our study supports
recent work suggesting that rapid correc-
tion of hyperglycemia can improve insulin
secretion?”. We assumed that intensive
insulin therapy could improve insulin secre-
tion at first, the recovery of insulin action
gradually appeared in diet-unresponsive
type 2 diabetic patients. According to stan-
dard practice, when controlling diabetes by
diet fails, oral agents and/or insulin are
added in increasing doses as needed to con-
trol hyperglycemia. Here, we demonstrat-
ed that intensive short term insulin therapy
is beneficial method, long term insulin ther-
apy is not necessarily required. Further-
more, even though we changed the treat-
ment method to diet cure or medication of
oral agents after insulin therapy, the blood
glucose level control did not worsen at least
until the patients discharged.

A primary effect of glucotoxicity is
reduced insulin secretion, which occurs via
hyperglycaemic activation of the UCP2
gene in the S-cell and insulin secretion may
be further reduced by hyperglycemic in-
duced apoptosis of B-cell?V??. It is pos-
sible, but not proven, that the remaining 8-
cell mass could influence the time depen-
dency of the effect of blood glucose normali-
zation on pS-cell function. However the
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question arises why insulin levels increased
in the insulin treatment group only while
glycemic control improved almost equally
in both groups. If the improvement in insu-
lin secretion was due to reduced glucose
toxicity only, the improvement should have
occurred in both groups. It is unclear but
we supposed the possibility that exogenous
insulin therapy have other mechanisms for
improvement in insulin secretion from Scell.
Unfortunately we do not have the means
which can prove this speculation.

It is still unclear how long the period of
intensive insulin treatment should be for
reestablishment of diet responsiveness sig-
nificantly in patients for up to several years.
It should be noted that our results pertain to
type 2 diabetic patients whose durations of
the illness are more than ten years. It is
well-known that the ability for insulin
secretion decreases with duration of diabet-
ic state'¥?®. This makes it probable that
patients with secondary drug failure are
able to enhance their g-cell function to a
lesser extent than newly diagnosed patients
during intensive insulin treatment. In other
words the natural history of type 2 diabetes
is one of declining function over a number
of years, and it is likely that the patients in
the present study still have some function
left and thus can be rescued. Such a recov-
ery in insulin release raises the possibility
that the natural history in type 2 diabetes of
a relentless decline in insulin secretion may
be altered by intervention. Thus, we think
that it is proper to take an identical one
week intensive insulin treatment again if
the blood sugar control worsens in the
future.

In summary, B-cell function is rapidly
reversible after one week of intensive insu-
lin treatment in subjects with type 2
diabetes. Clinically, this study suggests

that one week intensive insulin therapy,
which was well tolerated and safe, might be
the initial treatment of choice for such
patients. We show clearly that improved
B-cell function drives this recovery, but that
insulin resistance remains present despite
the improved control. The long term prog-
nosis for these subjects is uncertain and
these conclusions are not final but represent
a fractional indication as to the advantage
of short term intensive insulin therapy.
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