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OBJECTIVE— To study the possible contribution of a B-cell defect in the development of glucose intolerance in nonobese subjects.
RESEARCH DESIGN AND METHODS— There were 41 normal, nondiabetic
subjects; 18 subjects with IGT; and 21 patients with N1DDM. All subjects were
nonobese (BMI <27 kg/m2). Insulin secretory responses to an OGTT, IVGTT, and
GST were studied.
RESULTS— Early-phase insulin responses to OGTT and IVGTT were decreased in
subjects with IGT to levels comparable with those in NIDDM patients, whereas the
response to GST was preserved in the subjects with IGT compared with NIDDM
patients. The insulinogenic index of OGTT correlated well (r = 0.78) with earlyphase insulin response to IVGTT, suggesting that the insulinogenic index in OGTT
is related to the early-phase insulin response to IVGTT in nonobese subjects.
CONCLUSIONS— Impaired early-phase insulin response to glucose was associated with mild glucose intolerance, suggesting the importance of impaired insulin
secretion in the development of glucose intolerance in nonobese subjects.

N

IDDM appears to be caused by de- a decrease in the early-phase response to
fects in both insulin secretion and glucose (5). Early-phase insulin response
action (1-4). Insulin secretion in to IVGTT was reported to be blunted in
patients with NIDDM is characterized by all subjects whose FPG levels were >6.4
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RESEARCH DESIGN AND
METHODS— Eighty one nonobese
subjects (BMI <27 kg/m2) were studied.
The subjects were classified into three
groups according to WHO criteria (10):
normal (n = 41), IGT (n = 18), and
NIDDM (n = 21). All subjects with normal glucose tolerance or IGT were recruited from either medical staff of our
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mM (6). However, because chronic hyperglycemia itself makes the B-cell unresponsive to glucose (7), it is not clear
whether decrease in early-phase insulin
response to glucose is a cause or consequence of NIDDM. To clarify this point,
it is necessary to study the characteristics
of insulin response in prediabetic subjects, such as those with IGT.
In contrast to almost uniformly
decreased early-phase insulin response
to glucose in patients with NIDDM, that
in subjects with IGT seems to be heterogeneous (5). Although some reports
showed decreased early-phase insulin
response to glucose, a considerable number (1-5) showed normal or increased
insulin response to glucose. From these
studies, it was suggested that impaired
insulin action—rather than impaired insulin secretion—is the major cause of
IGT (5,8). Subjects in these studies,
however, were heterogeneous with respect to degree of obesity, and this may
have affected heterogeneous results in insulin response in these studies. In fact, a
recent study suggested that impaired insulin secretion is the major cause of
NIDDM in nonobese subjects, whereas
obese NIDDM is attributable to both impaired insulin action and secretion (9).
Similarly, defective insulin secretion
might be the major cause of IGT when
only nonobese subjects are studied.
Therefore, in this study, we focused on
nonobese subjects and studied the B-cell
response to glucose and nonglucose
stimuli to clarify the characteristics of
insulin response and their contribution
to the development of glucose intolerance in nonobese subjects.

Early-phase insulin response in IGT

20

Table 1—Clinical characteristics of the subjects studied

NORMAL

IGT
NIDDM

BMI

FPG

PLASMA GLUCOSE

N

AGE (YR)

(KG/M 2 )

(MM)

(MM)*

41
18
21

46 ± 13
54 ± 10
59 ± 12

22.4 ± 2 .1
22.2 ± 2 .8
21.8 ± 2 .5

5 .4 ±0.7
5 .8 ± 0.8
8 .1 ±2.0

6.4 ± 0.9
9.3 ± 1.5
15.8 ± 4.4

15

i
JE 10

Values are means ± SD.
*Plasma glucose at 120 min during OGTT.
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was determined by the glucose oxidase
method. Plasma insulin and C-peptide
were determined by a double-antibody
technique. Insulinogenic index (11,12)
was used as an index of early insulin
response to OGTT. Insulinogenic index
was defined as the ratio of the increment
of insulin (pM) to that of plasma glucose
(mM) 30 min after the glucose load. Statistical analysis was performed by Student's t test for unpaired data. Data are
presented as mean ± SE.
RESULTS— Figure 1 shows plasma
glucose and insulin levels during
OGTTs. The total incremental area of the
insulin response during OGTT in subjects with IGT was significantly smaller
t h a n t h a t in n o r m a l s u b j e c t s
(388.1 ± 41.3 vs. 540.4 ± 55.6 pM/hr,
P < 0.05). NIDDM patients also showed
significantly lower total insulin response
(271.6 ± 49.0 pM/hr) than normal subjects (P < 0.01). There was no significant difference between the IGT and
NIDDM groups. The insulinogenic index
of OGTT is shown in Fig. 1A. The insulinogenic index in subjects with IGT was
significantly smaller than that in normal
subjects (25.7 ± 7.5 vs. 98.4 ± 23.4
pM/mM, P < 0.01). The insulinogenic
index in patients with NIDDM
(15.0 ± 2.3 pM/mM) also was significantly smaller than that of normal subjects (P < 0.01). However, no significant
difference was observed between the IGT
and NIDDM groups.
Figure 3A shows the insulin responses to IVGTTs. Total insulin response to IVGTT in subjects with IGT
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Figure 1—Plasma glucose (A) and insulin (B)
responses to OGTTs in normal subjects (O),
subjects with IGT (A), and patients with

NIDDM (•).

was significantly lower than that in normal s u b j e c t s ( 7 8 . 8 ± 11.4 vs.
159.4 ± 2 1 . 1 pM/hr, P < 0.01). Total
insulin response in patients with NIDDM
(35.6 ± 8.1 pM/hr) was significantly
lower than that of normal subjects
(P < 0.01) and subjects with IGT
(P < 0.01). Because most subjects had
peak insulin responses at 3 or 5 min after
glucose infusion, summation of the increments of insulin at 3 and 5 min after
injection was used as an index of early
insulin response to IVGTT (Fig. IB). Early-phase insulin response in subjects
with IGT was significantly lower than
that in normal subjects (222.6 ± 66.5
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hospital or were otherwise healthy subjects who underwent OGTT as a part of a
health screening program. They did not
have a family history of NIDDM in firstdegree relatives and were not taking any
medication. Patients with NIDDM were
recruited from patients in our hospital
treated with diet alone (n = 8) or in
combination with sulfonylureas (glibenclamide or gliclazide) (n = 13). Clinical characteristics of the subjects are
shown in Table 1.
Each subject was subjected to
three tests to study B-cell responses to
different stimuli (i.e., an OGTT, an
IVGTT, and an intravenous glucagon
test, GST). Each test was performed at
least 1 wk apart. All subjects were encouraged to eat a weight-maintaining
diet, but no food was eaten for 12 h
before the study. Those who were treated
with sulfonylurea took no drug for 24 h
before the study. OGTTs were performed
according to WHO recommendations
(10). IVGTTs were performed as follows:
a pair of intravenous cannulae were inserted into the antecubital vein of both
arms and were kept patent by flushing
with saline. Glucose (0.5 g/kg body
weight) in a 50% solution was infused
over 2 min through one cannula. Zero
time was taken as the point when glucose
infusion was started. Blood samples were
drawn from the other cannula at —5, 0,
3, 5, 7, 10, 15, 20, 30, 45, and 60 min.
The B-cell response to GST was tested by
infusing 1 mg of glucagon (Novo,
Copenhagen, Denmark) intravenously.
Blood samples were drawn at 0, 3, 6, 10,
20, 30, 45, and 60 min. Plasma glucose
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vs. 653.4 ± 79.1 pM, P < 0.01). Earlyphase insulin response in patients with
NIDDM (88.8 ± 31.6 pM) was significantly lower than that in normal subjects
(P < 0.01). However, no significant difference was noted between IGT and
NIDDM groups.

A

To investigate further the difference
in
early insulin responses during
Figure 3B shows the insulin rethe
three
tests, correlations between insponses to GST. Total insulin response to
sulin
responses
to OGTT, IVGTT, and
GST in subjects with IGT was significantly lower than that in normal subjects GST were studied. Significant correlation
(285.5 ± 41.3 vs. 410.9 ± 36.5 pM/hr, was found between insulin responses
P < 0.05). Total insulin response in pa- during OGTTs and IVGTTs (r = 0.75,
tients with NIDDM (172.4 ± 33.3 pM/ P < 0.001). Significant correlation also
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Figure 3—Insulin responses to IVGTTs (A) and GSTs (B) in normal subjects (O), subjects with IGTs CA), and patients with NIDDM (•).
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Early-phase insulin response in IGT

was found between GSTs and IVGTTs
(r = 0.63, P < 0.001), and between
GSTs and OGTTs (r = 0.51, P < 0.001),
but the correlation coefficient was
smaller than that between OGTT and
IVGTT.

In contrast to almost uniformly
decreased insulin response to glucose in
the subjects with IGT in this study, a
considerable number of reports in Caucasians and Pima Indians showed normal
or higher responses to OGTTs and
IVGTTs (5,8,13,14). One reason for the
difference in insulin responses to glucose
might be the difference in degree of obesity. Mean BMI in Japanese normal populations was reported to be 23.3 in males
and 21.8 in females (15). In contrast,
mean BMI in Caucasian subjects with
normal glucose tolerance was reported to
be 25.5 in males and 24.6 in females
(16), and that in IGT was 27.0 in males
and 27.3 in females (17). In fact, sumo
wrestlers with IGT, an extremely obese
group of subjects in the Japanese population, were reported to have higher
early-phase insulin responses than
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Another possibility for the difference in insulin response in IGT between
this study and in previous studies is the
difference in the etiology of NIDDM.
Glucose intolerance develops when insulin secretion cannot compensate for insulin resistance. One extreme of this situation is severe insulin resistance (with
mildly impaired insulin secretion) and
the other is markedly impaired insulin
secretion with near normal insulin sensitivity. In fact, Banerji and Lebovitz (19)
reported that NIDDM appears to consist
of two subgroups: one with a predominant B-cell defect and the other with
predominant insulin resistance. Glucose
intolerance in most Japanese subjects
may belong to the former subgroups,
whereas that in Caucasian and the Pima
Indian populations belongs to the latter
group. These possibilities can be investigated by comparing insulin response
with glucose in these populations using
the subjects whose BMI and other parameters that affect insulin resistance are
matched.
It has been reported previously
that insulinogenic index is a good
marker for the diagnosis of NIDDM
(11,12,20), but it has not yet been studied whether insulinogenic index correlates with early-phase insulin response
to an IVGTT. This study demonstrated

that insulinogenic index is in good correlation with early-phase insulin response to IVGTT, suggesting that insulinogenic index in OGTT is related to the
early-phase insulin responses to IVGTT,
at least in nonobese subjects.
Insulin response to glucose and
nonglucose stimuli are influenced by
obesity, chronic hyperglycemia, and ambient plasma glucose levels. In this study,
all these factors were eliminated by
studying the nonobese subjects with
mild glucose intolerance. When the effect of these factors on insulin secretion
was eliminated, it was found that insulin
response to glucose was impaired in the
subjects with IGT. Because this study is
cross-sectional, these data do not necessarily suggest that impaired insulin secretion is the cause of IGT and NIDDM.
Previous prospective studies (12,20,21),
however, suggested that low insulin response to glucose is a major risk factor
for the development of NIDDM in subjects with IGT. Therefore, we speculate
that impaired insulin secretion is an important precursor to the development of
glucose intolerance in nonobese subjects.
In addition, this study further suggests
that it is important to control the factors
that affect insulin secretion (such as obesity, chronic hyperglycemia, and ambient plasma glucose levels) in the assessment of the B-cell function.
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