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Maternal Weight
Gain Is Associated
With Infant Insulin
Concenirations
During the st Year
of Life

ince hyperinsulinemia tracks from
childhood to adulthood and is asso-
ciated with diabetes risk, identifying
modifiable conditions during gestation
that may impact insulin metabolism in
offspring is important. We conducted a
pilot study to investigate associations be-
tween maternal weight gain and infant in-
sulin concentrations in an underserved
population at high risk for diabetes. Mex-
ican or Native American women with an
infant <1 year of age provided writien
consent. Infant weight-for-age Z scores
(WAZ) were calculated, and nonfasting
plasma samples were analyzed for insulin
by standard assay. Pearson's bivariate test
was used to assess relationships between
variables, and the unpaired ¢ test was used
to examine differences between means.
A total of 16 women ([means * SE]|
21.8 * 1.7 years) and their infants (6.4 =+
0.9 months; 9 males and 7 females) com-
pleted the study, and medical records
were available for 9 of these pairs. Based
on combined self-reports and medical
records, the mean prepregnancy weight
was 71.5 * 4.0 kg, and the mean preg-
nancy weight gain was 10.7 * 2.4 kg,
Infants were full term with birth weights
ranging from 2,495 to 4,309 g (3,381 =
121.0 g); WAZ scores averaged 0.47 *
0.23. Blood insulin concentrations aver-
aged 11.5 = 1.6 mU/L. Gestational weight
gain was significantly correlated to infant
insulin concentrations (r = 0.662; P =
0.005); however, for nondiabetic women
with verifiable pregnancy weight gain
(n = 8), this association was strengthened
(r = 0.763, P = 0.028, Fig. 1). Infant
insulin concentrations (n = 16) were not
associated with birth weight, infant age,
WAZ scores, prepregnancy weight, or
maternal age.
These data show that maternal weight
gain predicted infant insulin concentra-
tions, explaining nearly 60% of the vari-
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Figure 1—Correlation of maternal weight
gain and infant insulin concentrations (n = 8
mother/infant pairs; r = 0.763, P = 0.028).

ance in these values. Diabetes during
pregnancy has been associated with cord
blood insulin and with insulin concentra-
tions in adolescence (1), and in nondia-
betic pregnancies, maternal weight gain
was related to cord blood insulin in mac-
rosomic neonates (2). Currently, a weight
gain of 6.8-11.5 kg is recommended for
overweight women, and obese women are
advised to gain a minimum of 6.8 kg. In
obese, nondiabetic women, minimal ges-
tational weight gain (<5 kg) normalized
obstetric outcomes, including hyperten-
sion, cesarean section, induction of labor,
and macrosomia, and did not adversely
affect fetal outcomes (3). Utilizing an
emerging obstetric outcome, infant insu-
lin concentrations, our preliminary data
support the contention that gestational
weight gain should be carefully consid-
ered in overweight populations at high
risk for diabetes. Differential analyses of
our data show that minimal gestational
weight gain in the nondiabetic women
(=5 vs. >5 kg) was associated with lower
infant insulin concentrations (7.2 = 0.6
vs. 13.4 = 2.0 mU/L; P = 0.013). To-
gether, the available data indicate that
controlling weight gain during obese
pregnancies may be advantageous and
that more studies of this nature are
warranted.
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Soluble Tumer
Necrosis Factor
Receplor 1 Is
Strongly and
Independenily
Associated With
Serum Homocysteine
in Nonobese
Japanese Type 2
Diabetic Pafients

he major clinical consequence of

type 2 diabetes is mortality and mor-

bidity from atherosclerotic vascular
disease. With regards to the risk factors
responsible for the evolution of athero-
sclerosis, Bierman (1) estimated that typ-
ical risk factors, including smoking,
cholesterol, and blood pressure, can ac-
count for no more than 30% of excess
cardiovascular risk factors in diabetic pa-
tients. Thus, other factors seem to play a
key role in the progression of atheroscle-
rosis in diabetes.

One potential factor is homocysteine.
Homocysteine has been shown to con-
tribute to the development of atheroscle-
rosis in diabetic patients (2). Whereas the
deficiencies ol folate and vitamin B, , lead
to hyperhomocysteinemia, these def-
ciencies alone do not completely account
for atherosclerotic changes induced by
homocysteine in diabetic patients.

Tumor necrosis factor (INF) is a po-
tent candidate involved in the pathogen-
esis of atherosclerosis. Rauchhaus et al.
(3) demonstrated that elevated soluble
TNF receptor 1 (sTNF-R1) has shown to
be predictive of cardiovascular mortality
in patients with chronic heart failure. We
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found that sSTNF-R1 is independently as-
sociated with albuminuria in type 2 dia-
betic patients (4). To the best of our
knowledge, however, it is not clear
whether serum homocysteine is associ-
ated with TNF receptor in type 2 diabetic
patients. The aim of the present study was
therefore to investigate the relationships
between serum homocysteine and TNF
receptor in patients with type 2 diabetes.

Fifty nonobese Japanese type 2 dia-
betic patients were studied. Their BMI,
HbA |, and serum creatinine were 22.6 *
0.3 kg/m2 (range 17.6-26.2), 7.8 =
0.2% (5.5-12.3), and 0.70 * 0.02 mg/dl
(0.46—0.98), respectively. They had not
been treated with insulin or any medica-
tions known to alter homocysteine level.
In conjunction with homocysteine, sys-
tolic and diastolic blood pressure, HbA, ,
glucose, lipids, serum creatinine, TNF-a,
sTNF-R1, and sTNF-R2 were measured
after an overnight fast.

With univariate analysis, serum ho-
mocysteine was positively correlated with
age (r = 0.361, P = 0.012), diabetes du-
ration (r = 0.292, P = 0.045), serum cre-
atinine (r = 0.623, P < 0.001), sTNF-R1
(r = 0415, P < 0.005), and sTNF-R2
(r = 0.371, P < 0.01). Other variables
including TNF-«, however, were not as-
sociated with homocysteine. Multiple re-
gression analyses showed that serum
homocysteine was independently associ-
ated with serum creatinine (F = 20.1) and
sINF-R1 (F = 6.9), which explained
49.3% of the variability of homocysteine.
Thus, TNF system activity may be respon-
sible for the evolution of atherosclerosis
induced by homocysteine in nonobese
Japanese type 2 diabetic patients.
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Phenfermin=-induced
Lactic Acidosis in an
Older Diabetic
Patient

A recurrent drama (phenformin
and lactic acidosis)

Editor’s note: The authors had the following
statement in their letter to me, with which 1
agree, “Most physicians are aware of the visk of
lactic acidosis in patients taking phenformin.
However, this side effect is continuously ob-
served because phenformin is still used in Italy,
Brazil, and China. We believe that the publica-
tion of our observation in an important journal
like Diabetes Care may help to prompt govern-
ments of these countries to ban phenformin, just
like in the rest of the world. This is the only way
to prevent further cases of this avoidable, un-
acceptable and life-threatening complication.”

73-year-old man with diabetes pre-

sented with upper-abdominal pain

and nausea. He also had a history of
hypertension, a pace-maker implant, and
peripheral arterial disease treated with
amputation of his left leg. His therapy in-
cluded ticlopidine, enalapril, omepra-
zole, and 2 mg glibenclamide/30 mg
phenformin b.i.d. The patient was alert
and cognitively intact. Blood pressure and
heart rate were 120/70 mmHg and 70
bpm, respectively. Radiographs of the
chest and abdomen and an abdominal ul-
trasound study were normal. Laboratory
tests disclosed a severe lactic acidosis (pH
6.8, pCO, 14.1 mmHg, pO, 108 mmHg,
HCO; 4.9 mmol/, lactate 21 mmoV/l, and
anion gap 31 mmol/l). After phenformin
discontinuation, the patient’s conditions
rapidly improved. He was treated with in-

travenous insulin and glucose (1) and dis-
charged 7 days later in good condition.

This report confirms that phenform-
in-induced lactic acidosis (PLA) is still a
public health problem (1,2). To our
knowledge, phenformin is still used in
Italy, China, and Brazil. In a Medline
search, we found 12 cases that occurred in
Italy between 1981 and 1998 (2). In two
patients phenformin was even brought
back into use soon after, thereby ques-
tioning the belief that PLA is adequately
recognized (2). More importantly, ac-
cording to data by Intercontinental Mar-
keting Services (www.imshealth.com),
838,000 preparations of phenformin and
a sulfonylurea have been sold in Italy be-
tween January and October 2005. Be-
cause PLA occurs in 1 of 4,000 patients
(3) with a mortality rate of ~50%, these
data raise worrying health care consider-
ations. In fact, diabetic patients often have
comorbid conditions known to favor
PLA.

Phenformin was removed from the
U.S. market in 1977, but, surprisingly,
cases of patients who have been pre-
scribed the drug abroad are continuously
reported (1). Phenformin can also be ille-
gally obtained online or through mail
orders to replace metformin, which is
more costly. Furthermore, herbal medi-
cines containing phenformin are also
consumed in developed countries. In
February 2000, the Food and Drug Ad-
ministration recalled five Chinese herbal
medications containing phenformin (4),
while Health Canada is currently warning
consumers not to take “Shortclean,” a
phenformin-based Chinese “natural”
medicine (5).

Phenformin can always be replaced
by metformin, which should not be asso-
ciated with a higher risk of lactic acidosis
compared with nonbiguanide therapies
(6). Despite most clinicians being aware
of PLA, the only way for preventing fur-
ther cases is to forbid phenformin in
countries where it is still used.
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Abstract

Hyperglycemia frequently continues to worsen even after the diagnosis of overt diabetes. The aim of this study is to evaluate the factors
contributing to increasing glucose intolerance afier onset of type 2 diabetes in Japanese subjects. Five hundred fifty newly diagnosed type 2
diabetic patients were classified into 3 degrees of hyperglycemia based on plasma glucose levels estimated by 75-g oral glucose tolerance test:
diabetes mellitus with isolated fasting hyperglycemia (DM/IFH), DM with isolated postchallenge hyperglycemia (DM/IPH), and DM with
fasting and postchallenge hyperglycemia (DM/FPH). In addition, the DM/IFH and DM/IPH groups were subdivided to clarify the determinants
of fasting and postchallenge hyperglycemia. Insulin secretion was evaluated by insulinogenic index, and insulin sensitivity was evaluated by
composite index of insulin sensitivity (ISI composite). The insulinogenic index in DM/IFH was highest of the 3 groups (P < .0001). The
insulinogenic index in DM/IPH was higher than in DM/FPH ( P <.0001). The international sensitivity index composite in DM/IPH was highest
of the 3 groups (P < .05). Although impaired early-phase insulin secretion plays the crucial role in deterioration from DM/IFH to DM/FPH in
Japanese subjects, impaired early-phase insulin secretion and decreased insulin sensitivity both are factors in deterioration from DM/IPH to DM/
FPH. In addition, comparison of subgroups of DM/IFH and DM/IPH shows that although decreased early-phase insulin secretion plays the more
significant role in postchallenge hyperglycemia in Japanese subjects, insulin sensitivity is the more important factor in fasting hyperglycemia.
© 2005 Elsevier Inc. All rights reserved.

1. Introduction normal glucose tolerance (NGT) via impaired glucose
tolerance (IGT) to type 2 diabetes in Japanese subjects [6].
This agrees with reports on the importance of impaired early-
phase insulin secretion in type 2 diabetes in Japanese
subjects [7,8]. These findings differ from those in Pima
Indians, Mexican Americans, and Caucasian populations, in
which increasing insulin resistance is clearly the more
important factor in developing glucose intolerance [9,10].
In the present study, we investigated the factors responsible
for decreased glucose tolerance after onset of diabetes and
evaluated the contribution of these factors in fasting and
postchallenge hyperglycemia.

We classified 550 Japanese men with newly diag-

* Corresponding author. Tel.: +81 78 304 5988; fax: +81 78 304 5989. nosed diabetes mellitus (DM) into 3 subgroups of glucose

E-mail address: fukum@tri-kobe.org (M. Fukushima). intolerance based on 75-g oral glucose tolerance test

Type 2 diabetes is a heterogeneous disorder characterized
by progressive elevation of plasma glucose (PG) levels.
Although the occurrence of diabetes in Japan is increasing as
in other countries, the hyperglycemia of Japanese subjects is
typically because of factors that differ somewhat from those
of other ethnic groups [1-5], impaired insulin secretion, and
sensitivity most notably being differently involved. In
previous studies, we found that impaired early-phase insulin
secretion plays the more important role in deterioration from

0026-0495/8 — see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2005.07.006
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(OGTT): DM with isolated fasting hyperglycemia
(DM/IFH), DM with isolated postchallenge hypergly-
cemia (DM/IPH), and DM with fasting and postchallenge
hyperglycemia (DM/FPH) (Fig. 1A). Insulin secretion and
insulin sensitivity measurements were compared to evaluate
the factors involved in the deterioration of glucose
tolerance in newly diagnosed type 2 diabetic Japanese
subjects. The insulinogenic index (30 minutes) was used as
the parameter of early-phase insulin secretion [11,12]; the
composite index of insulin sensitivity (ISI composite) was
used as the parameter of insulin sensitivity [13]. Sub-
categories of DM/IFH and DM/IPH were compared to
evaluate the contributions of these factors in fasting and
postchallenge hyperglycemia.

2. Materials and methods
2.1. Subjects

We recruited for closer evaluation 550 Japanese men
undergoing 75-g OGTT who had positive urine glucose

7//
////

7.8 i {mmol/L)
OGTT 2h PG

OGTT 2h PG

Fig. 1. A, Degrees of glucose intolerance: DM/IFH, DM/FPH, and DM/
IPH. B, DM/IFH subdivided into 2 groups: DM/IFH/NPG and DM/IFH/
IGT. DM/IPH subdivided into 2 groups: DM/IPH/NFG and DM/APH/IFG.

test, greater than 5.6 mmol/L fasting PG (FPG), greater than
5.0% HbA,., or family history of diabetes at initial
examination for regular medical check-up at Kyoto
University Hospital, Ikeda Hospital, Kansai-Denryoku
Hospital, Kansai Health Management Center, and Kyoto
Preventive Medical Center between 1993 and 2004, OGTT
was performed within 3 months of the initial examination.
All subjects were Japanese males with no signs of
hypertension, hepatic, renal, endocrine, or malignant dis-
eases. No subject had engaged in heavy exercise, had taken
gastrectomy, or had taken any medication known to affect
glucose metabolism before the study. The study was
designed in compliance with the ethics regulations set out
by the Helsinki Declaration.

Standard OGTT was administered according to the
National Diabetes Data Group recommendations [14], which
require the subjects to fast overnight for 10 to 16 hours.
We obtained fasting, 0.5-, 1-, 1.5-, and 2-hour blood samples
for measurement of PG, and fasting, 0.5-, 1-, and 2-hour
samples for measurement of serum insulin after oral
administration of 75-g glucose. Blood samples for measure-
ments of HbA, total cholesterol, high-density lipoprotein
cholesterol (HDL-C), and triglyceride levels were collected
after an overnight fast.

DM was defined by the 1998 World Health Organization
diagnostic criteria [15]. Diabetic subjects were classified
into 3 groups based on the results of OGTT: DM/IFH,
FPG =27 mmolVL and 2-hour PG level <11.1 mmolL
(n = 66); DM/IPH, FPG <7 mmol/L. and 2-hour PG level
=11.1 mmol/L (n = 148); and DM/FPH, FPG =7 mmol/L
and 2-hour PG level >11.1 mmol/L (n = 336) (Fig. 1A).

To evalvate the factors involved in fasting and
postchallenge hyperglycemia, we subdivided DM/IFH
and DM/IPH into DM/IFH with normal postchallenge glu-
cose levels (DM/IFH/NPG), FPG >7 mmol/L and 2-hour
PG level <7.8 mmol/L (n = 17); DM/IFH with IGT (DM/
IFH/IGT), FPG >7 and 7.8 mmol/L < 2-hour PG level
<11.1 mmol/L (n = 49); DM/IPH with normal fasting
glucose levels (DM/IPH/NFG), FPG <6.1 mmol/L and
2-hour PG level >11.1 mmol/L (n = 50); and DM/IPH
with impaired fasting glucose (DM/IPH/IFG), 6. mmol/L
< FPG <7 mmol/LL < 2-hour PG level =11.1 mmol/L
(n = 98). As shown in Fig. 1B, DM/IFH/NPG is char-
acterized by increasingly impaired fasting glucose and
2-hour PG within normal limits, whereas DM/IPH/NFG
is characterized by increasingly impaired 2-hour PG and
fasting glucose within normal limits.

2.2. Measurements

PG level was measured by glucose oxidase method
using Hitachi Automatic Clinical Analyzer 7170 (Hitachi,
Tokyo, Japan). Serum insulin level was measured by
2-site radioimmunoassay (Insulin Riabead II, Dainabot,
Tokyo, Japan), as reported previously [6]. Serum total
cholesterol, HDL-C, and triglyceride levels were measured
as reported previously [16].
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Table 1
Clinical characteristics of DM/IFH, DM/IPH, and DM/FPH

DM/IFH DM/IPH DM/FPH
n 66 148 336
Age () 5234 1.2% 557+ 08** 52 & 0.5
BMI (kg/m2) 244 + 0.5 245+ 02 248+ 02
FPG (mmol/L) 7.5 & 0.1%** 64+ 0.0 8.9 + 0.1
2-h PG (mmol/L) 8.8 £ 0.2%** 131 £ 0.1** 172 £ 02
Fasting insulin (pmol/L) 50+ 4 46 = 2 50 1
HbA,. (%) 6.2 £ 0.1** 6.1 + 0.1** 75+ 0.1
Triglycerides (mmol/L) 1.72 + 0.16 235+ 026 215 0.15
Total cholesterol (mmol/L) 5.43 + 0.13 551 £ 012 546 £ 0.06
HDL-C (mmol/L) 144 + 0.07 1.36 £ 0.04 136 + 0.02

Data are mean + SE.
* P < .05 (vs DM/IPH).
** P < .,005 (vs DM/FPH).

Insulinogenic index was used to measure the capacity of
early-phase insulin secretion [11,12], and ISI composite was
used to measure systemic insulin sensitivity [13], according
to the following formulas:

Insulinogenic index

=[30-minute serum insulin
— fasting serum insulin (FI) (pmol/L)]
/[ 30-minute plasma glucose
— FPG (mmol/L)][11,12]

ISI composite

= 10000/ [FPG (mg/dL) x FI(uU/mL)]
x [ mean OGTT PG (mg/dL)
x mean OGTT serum insulin (xU/mL)]>*[13]

2.3. Statistical analysis

All data are expressed mean + SE. All statistical analyses
were performed using STATVIEW 35 system (Abacus Con-
cepts, Berkeley, CA). Age, body mass index (BMI), FPG,
2-hour PG, HbA,,, triglycerides, total cholesterol, HDL-C,
insulinogenic index, and ISI composite were compared
among DM/IFH (DM/IFH/NPG, DM/IFH/IGT), DM/IPH
(DM/IPH/NFG, DM/IPH/IFG), and DM/FPH groups by
general analysis of variance. For comparison between
2 groups, unpaired Student ¢ test was performed as post hoc
analysis. P < .05 was considered statistically significant.

3. Results
3.1. Clinical characteristics

Table 1 shows the clinical and metabolic characteristics
of the 550 Japanese men classified with DM/IFH, DM/IPH,
and DM/FPH. The age and BMI (mean + SE) were 53.0
0.4 years and 24.7 £ 0.2, respectively. The mean age of the
DM/IPH group was significantly higher than that of the
other 2 groups (P < .005). There was no significant
difference in BMI, triglycerides, total cholesterol, or HDL-C
among the 3 groups. HbA. and the area under the curve of

glucose (DM/IFH, 25056; DM/IPH, 26284; and DM/FPH,
33509) were significantly higher in the DM/FPH group than
in the other groups (P < .0001, respectively).

3.2, Insulin secretion

The insulinogenic indices of the 3 groups are shown in
Fig. 2A. The insulinogenic index in the DM/IFH group was
significantly higher than in the other groups (P < .0001).
There was a significant difference in the insulinogenic index
between the DM/IPH and DM/FPH groups (P < .0001).

3.3. Insulin sensitivity

Fig. 2B shows the ISI composite of the 3 groups. ISI
composite in the DM/IPH group was significantly higher
than in the other groups (P <.05). There was no significant
difference in ISI composite between DM/IFH and DM/FPH.

3.4. Comparison of DM/IFH/NPG and DM/IPH/NFG

Seventeen subjects were classified DM/IFH/NPG and 50
subjects were classified DM/IPH/NFG. Table 2 shows a
comparison of the DM/IFH/NPG and DM/IPH/NFG groups.
There was no significant difference in mean age, BMI,
or HbA,. between the 2 groups. As shown in Fig. 1B,
DM/IFH/NPG was characterized by increasingly impaired
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Fig. 2. Indexes of insulin secretion and sensitivity. A, Early-phase insulin
secretion. Insulinogenic index in DM/IFH is highest. Insulinogenic index in
DM/IPH is significantly higher than in DM/FPH. B, Insulin sensitivity.
IST composite in DM/IPH is significantly higher. *P < .05; **P < .0001;
NS, not significant.
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Table 2
Comparison of DM/IFH/NPG and DM/IPH/NFG

DM/IFH/NPG DM/IPH/NFG P
n 17 50
Age (¥) 513 +27 548 + 14 NS
BMI (kg/m*) 236+ 08 239 £ 03 NS
HbA, (%) 6.0 £ 0.2 59+ 0.1 NS
Insulinogenic index 34+8 17+3 <.05
1SI composite 59+ 0.82 833 £ 056 <.05

Data are mean + SE. NS indicates not significant.

fasting glucose and 2-hour PG within normal limits,
whereas DM/IPH/NFG was characterized by increasingly
impaired 2-hour PG and fasting glucose within normal
limits. The insulinogenic index in DM/IFH/NPG was
significantly higher than in DM/IPH/NFG (P < .05). The
ISI composite in DM/IPH/NFG was significantly higher
than in DM/IFH/NPG (P < .05).

4, Discussion

In the present study, we evaluated the factors contributing
to deterioration of glucose tolerance after the onset of type 2
diabetes in Japanese subjects. We previously reported that
impaired early-phase insulin secretion plays an important
role in the development from NGT via IGT to DM/IPH in
Japanese subjects [6,17]. The present study reveals a
reduction in the insulinogenic index, a measure of early-
phase insulin secretion, in DM/FPH compared with DM/IPH
(Fig. 2A). The ISI composite, an index of systemic insulin
sensitivity, is also decreased in the deterioration from DM/
IPH to DM/FPH (Fig. 2B). Although both impaired insulin
secretion and insulin sensitivity are important factors in the
deterioration from DM/IPH to DM/FPH, impaired early-
phase insulin secretion is the more important factor in
deterioration from DM/IFH to DM/FPH in Japanese subjects
(Fig. 2A and B). We also classified the subjects into 3 groups
based on American Diabetes Association classification:
NGT, IFG, and DM. Thirty-two subjects were NGT, 117
were IFG, and 401 were DM. Of the 550 diabetic subjects
judged only by the FPG level, 149 (27%) were NGT or IFG.
Thus, FPG measurement as well as 2-hour PG measurement
is important at the diagnosis of diabetes in Japanese subjects.

To clarify the factors involved in fasting and postchallenge
hyperglycemia, we compared 2 subgroups of DM/IFH and
DM/IPH: DM/IFH/NPG, DM/IFH/IGT, DM/IPH/NFG, and
DM/IPH/IFG (Fig. 1B). DM/IFH/NPG is characterized by
increasingly impaired fasting glucose and 2-hour PG within
normal limits; DM/IPH/NFG is characterized by increasingly
impaired 2-hour PG and fasting glucose within normal limits.
In the present study, DM/IFH/NPG was associated with lower
insulin sensitivity, and DM/IPH/NFG was associated with
impaired early-phase insulin secretion as shown in Table 2.
There was no significant difference in mean age, BMI, or
HbA,. between these 2 groups. Thus, although decreased
insulin sensitivity plays the more important role in increasing

FPG, reduced early-phase insulin secretion plays the more
important role in increasing 2-hour PG in newly diagnosed
Japanese type 2 diabetic subjects.

Glucotoxicity is induced by chronic hyperglycemia; a
short time exposure to elevated glucose induces reversible
glucose desensitization [18,19], whereas longer exposure
causes irreversible beta-cell dysfunction, decreasing beta-
cell mass by inducing apoptosis [20]. Immunohistochemical
examination in autopsy cases of Japanese type 2 diabetes
found that beta-cell mass was decreased because of
oxidative stress [21]. Short-term glucotoxicity acts to reduce
both glucose-induced insulin secretion and glucose uptake
in skeletal muscle [19]. Both DM/IFH and DM/IPH showed
normal PG levels in the postchallenge and the fasting state,
respectively, suggesting that the subjects had been exposed
to elevated glucose for a relatively short period. The
simultaneously declining insulin secretion and the decreas-
ing insulin sensitivity also implicate glucose desensitization
in deterioration to DM/FPH in both groups. Deranged
glucose metabolism induced by hyperglycemia per se was
found in type 2 diabetic patients with a FPG level greater
than 6.4 mmol/L in previous studies {22]. The mean fasting
glucose level in DM/IPH of 6.4 mmol/L found in this study
also suggests a role of glucotoxicity in the deteriorating
glucose tolerance seen after onset of type 2 diabetes.

Type 2 diabetes is a disease of progressing glucose
intolerance that frequently becomes more severe after onset.
Previous large-scale studies comparing diet therapy to
intensive therapy revealed that glucose tolerance continues to
deteriorate even after treatment of diabetes has begun. For
example, the United Kingdom Prospective Diabetes Study
found that HbA,, increased from 7.2% to 7.6% after 3 years
and from 6.9% to 8.0% after 6 years among patients with
type 2 diabetes on diet therapy [23,24]. In these studies, fasting
glucose levels were increased from 8.3 to 9.0 mmol/L and
8.0 t0 9.5 mmol/L. The Kissingen Diabetes Intervention Study
found that both basal and reactive C-peptide levels continued
to decrease 15 to 20 years after the diagnosis of type 2 diabetes
and suggested a relationship between the decrease in C-peptide
levels and the increase in HbA, levels [25]. Although there are
few studies regarding deteriorating function after the develop-
ment of type 2 diabetes, it is well known that decreasing beta-
cell activity and increasing insulin resistance both play
important roles in the increasing glucose intolerance [26].
Indeed, several studies have identified ethnic factors involved
in the deteriorating glucose tolerance characteristic of the onset
of type 2 diabetes. For example, increasing insulin resistance is
the more important factor in Pima Indians, Mexican Ameri-
cans, and Caucasians [9,10], whereas impaired insulin
secretion is the more important factor in Japanese subjects,
as reported previously [6,27,28].

We examined insulin sensitivity, glucose effectiveness,
and endogenous glucose production using the stable-labeled
minimal model approach in our previous study {29]. Despite
the impairment in both glucose turnover rate and insulin
secretion, the magnitude of the derangement in insulin secre-
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tion is greater than in the glucose turnover rate in Japanese
subjects. In addition, we have reported that the validity of the
ISI composite and insulinogenic index is confirmed by insulin
sensitivity index and insulin secretion capacity (acute insulin
- response) obtained from minimal model analysis, respective-
ly [30]. Thus, similar conclusions were reached in different
Japanese populations by different methods.

The reason for the increasing prevalence of type 2 diabetes
in Japan is, at least in part, related to an increased prevalence
of obesity due to lifestyle changes. However, obesity in Japan
is less extreme, the average BMI of Japanese diabetic subjects
having increased only slightly to 23 to 25 according to typical
epidemiological study. It is also difficult to establish insulin
resistance as the cause because the mean BMI of Japanese
diabetic patients is less than 25 and the ISI composite is more
than 5. In addition, glucose intolerance in Japanese subjects is
well known to be dependent on poor reserve capacity of
insulin secretion rather than insulin resistance [6,7,27,31].
Thus, Japanese subjects may develop glucose intolerance and
diabetes because of only slight impairment of insulin
sensitivity. Another factor may be that Japanese subjects
are more readily susceptible to glucotoxicity and lipotoxicity
due to slight impairments of carbohydrate and lipid metab-
olism [21,32,33].

In conclusion, although impaired early-phase insulin
secretion plays a crucial role in the deterioration from
DM/IFH to DM/FPH, impaired early-phase insulin secretion
and decreased insulin sensitivity are both key factors in the
deterioration from DM/IPH to DM/FPH. The simultaneous
degradation of the various factors involved in the mainte-
nance of PG after the development of type 2 diabetes suggests
glucotoxicity. In addition, although decreased early-phase
insulin secretion plays an important role in postchallenge
hyperglycemia, decreased insulin sensitivity contributes to
elevated FPG levels. The distinct pathophysiologies of type 2
diabetes could provide a basis for patient management.
Treatment for DM/IFH might be targeted to impaired insulin
secretion or to decreased insulin sensitivity, and treatment of
DM/IPH might be targeted to impaired early-phase insulin
secretion. These findings should be helpful clinically in
stabilizing glucose levels in Japanese type 2 diabetic patients
at onset of type 2 diabetes.
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Abstract

The aim of the present study was to investigate the relationships between interleukin 6 (IL-6) and insulin resistance, serum leptin, serum
adiponectin, or serum lipids including triglycerides in 98 nonobese Japanese type 2 diabetic patients. Insulin resistance was estimated by the
insulin resistance index of homeostasis model assessment (HOMA-IR). Serum IL-6 concentration was negatively correlated to high-density
lipoprotein cholesterol (¥ = —0.295, P = .004), but was not associated with HOMA-IR ( = 0.016, P = .871), body mass index (BMI)
(r = 0.090, P = .375), systolic (- = 0.169, P = .116) and diastolic (- = —0.061, P = .570) blood pressures, leptin (+ = 0.062, P = .544),
and adiponectin (- = —0.020, P = .841) in these patients. In contrast, serum leptin level was positively correlated to HOMA-IR (» = 0.291,
P = .004), BMI (r = 0.338, P <.001), and systolic blood pressure (» = 0.241, P = .025). Serum adiponectin level was negatively correlated
to HOMA-IR (r = —0.288, P = .005), BMI (r = —0.308, P = .002), diastolic blood pressure (r = —0.269, P = .012), and triglycerides
(r = —0.338, P < .001), and positively correlated to high-density lipoprotein cholesterol (» = 0.300, P = .003) in our patients. From these
results, it can be suggested that fasting serum IL-6 is not a major factor responsible for the evolution of insulin resistance in nonobese
Japanese type 2 diabetic patients.
© 2006 Published by Elsevier Inc.

1. Introduction diabetic patients [4,5]. Serum triglyceride level is positively
correlated with visceral fat area [6]. Serum leptin level is
positively correlated to subcutaneous fat areas, whereas
serum adiponectin level is negatively correlated to visceral
fat areas [4,5]. Thus, the factors associated with insulin
resistance in nonobese Japanese type 2 diabetic patients
are hypothesized to be linked to adipose tissue-related
insulin resistance.

Interleukin 6 (IL-6) is one of the candidates responsible
for adipose tissue-related insulin resistance in man.
Mohamed-Ali et al [7] are the first to show that a
considerable portion of circulating IL-6 is derived from
adipose tissue. Circulating levels of IL-6 have been reported

* Corresponding author. Fax: +81 6 6458 6994. to be high in obese people and in patients with type 2

E-mail address: taniguchi.ataru@as kepco.co,jp (A. Taniguchi). diabetes mellitus [8-10]. Bastard et al [9] have shown that

Type 2 diabetes mellitus is a heterogeneous syndrome
characterized by insulin resistance and/or defective insulin
secretion [1]. The mechanisms underlying insulin resistance
are not yet fully clarified. We previously demonstrated that
body mass index (BMI) and serum triglycerides are the most
important factors responsible for the evolution of insulin
resistance in Japanese type 2 diabetic patients [2,3].
Thereafter, we showed that both leptin and adiponectin are
correlated to insulin resistance in nonobese Japanese type 2

0026-0495/$ — see front matter © 2006 Published by Elsevier Inc.
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not only leptin but also IL-6 is associated with BMI and
insulin resistance, and that [L-6 and leptin are interrelated in
white obese type 2 diabetic patients. Haffner et al [10]
demonstrated that serum levels of IL-6 were associated with
BMI and insulin resistance in obese type 2 diabetic patients.
However, obesity and insulin resistance are related to each
other, and it remains to be elucidated whether the
relationship between IL-6 and insulin resistance is indepen-
dent of obesity in type 2 diabetic patients.

Nonobese Japanese type 2 diabetic patients are unique in
that they are divided into 2 variants: one with insulin
resistance and the other with normal insulin sensitivity
[2,3,11,12]. Thus, the aim of the present study was to
examine the relationship between fasting serum IL-6 level
and insulin resistance in nonobese Japanese type 2 diabetic
patients without confounding the effect of obesity.

2. Subjects and methods

Ninety-eight nonobese Japanese type 2 diabetic patients
who visited Kansai-Denryoku Hospital were enrolled for the
present study. Type 2 diabetes mellitus was diagnosed based
on the World Health Organization criteria [13]. They had no
evidence of current acute illness including clinically
significant infectious diseases. The duration of diabetes
was 11.1 & 0.8 years (range, 1-35 years). Of 98 diabetic
patients, 84 were taking sulfonylureas, and the rest were
treated with diet alone. No patients had received insulin
therapy. All subjects had ingested at least 150 g of
carbohydrate for the 3 days preceding the study. None of
the subjects had significant renal, hepatic, or cardiovascular
disease. Patients did not consume alcohol or perform heavy
exercises for at least 1 week before the study.

Blood was drawn in the morning after a 12-hour fast.
Plasma glucose was measured with the glucose oxidase
method. Triglycerides, total cholesterol, and high-density
lipoprotein cholesterol (HDL-C) were also measured. Serum
insulin was measured using a 2-site immunoradiometric
assay (Insulin Riabead II, Dainabot, Japan). Coefficients of
variation were 4% for insulin higher than 25 pU/mL and 7%
for insulin less than 25 pU/mL, respectively. Serum IL-6
was measured by enzyme-linked immunosorbent assay
(Quantikine IL-6, R&D Systems, Oxford, UK). Serum
leptin and adiponectin concentrations were measured with
a radioimmunoassay kit (Linco Research, St Charles, MO)
[4,5]. The intra- and interassay coefficients of variation were
less than 5% for leptin and adiponectin. Samples for insulin,
IL-6, leptin, and adiponectin were prepared, frozen, and
stored at —70°C until the assay.

The estimate of insulin resistance by HOMA (HOMA-IR)
was calculated with the formula: fasting serum insulin
(uU/mL) x fasting plasma ghicose (mmol/L)/22.5 [14]. The
HOMA-IR value (mean = SD) of healthy tolerant subjects
was 1.6 £ 0.9, and we defined the values higher than 2.5 as
an insulin-resistant state and the values less than 2.5 as an
insulin-sensitive state {2,3]. The threshold value for insulin

resistance (2.5) in our study is similar to that (2.77) in
nonobese subjects with no metabolic disorders, reported by
Bonora et al [15]. It may be argued that the use of
sulfonylureas in patients with diabetes might significantly
affect the estimate of insulin resistance by HOMA, as these
drugs are known to decrease fasting plasma glucose without
substantially changing fasting plasma insulin {16]. It seems,
however, unlikely because Bonora et al {17} and Emoto et al
[18] showed that in the validation studies of HOMA, the
correlation of insulin sensitivity estimated by such method
and that measured by a glucose clamp was not substantialty
different in diet-treated and sulfonylurea-treated type 2
diabetes mellitus. Furthermore, no significant difference was
observed in some variables including BMI, leptin, adipo-
nectin, and IL-6 between diet-treated and sulfonylurea-
treated diabetic patients (data not shown). Therefore, we
estimated HOMA-IR in diet-treated and sulfonylurea-treated
diabetic patients.

2.1. Data analysis

Data were presented as means = SEM. Statistical
analysis was conducted using the StatView 5 system
(Statview, Berkeley, CA). The means of 2 groups were
compared with Student ¢ test. Spearman rank correlation
coefficient analysis was performed to calculate a correlation.
P < .05 was considered significant.

3. Results

The subjects studied were all Japanese type 2 diabetic
patients (75 men and 23 women) with an age range of 41 to
84 years (62.7 £ 0.9 years) and a BMI of 17.9 t0 26.7 kg/m?

Table 1
Clinical characteristics in insulin-resistant and insulin-sensitive diabetic patients

Insulin-resistant  Insulin-sensitive P

No. of subjects 36 62
Age (y) 619 + 1.7 632+ 1.0 249
Male/female 29/7 46/16 239
HOMA-IR 372 £ 0.24 1.65 £ 0.06 <.,001
Diabetes duration (y) 108 £ 1.5 11.3+ 09 379
Smoking 12/15/9 23/19/20 245
(none/previous/current)
Sulfonylureas/diet 30/6 54/8 .306
BMI (kg/m%) 238+ 03 226+ 0.3 003
Systolic blood 140 + 3 135£3 129
pressure (mm Hg)
Diastolic blood 872 80 + 1 .004
pressure (mm Hg)
Fasting glucose (img/dL) 153+ 3 138+ 3 003
Fasting insulin (¢U/mL) 10.0 = 0.7 49 + 02 <.001
HbA,. (%) 73102 6.9 £ 0.1 014
Triglycerides (mg/dL) 168 + 16 108 £ 5 <.001
Total cholesterol (mg/dL) 213+ 6 197 + 4 019
HDL-C (mg/dL) 54 +2 59+ 2 034
Leptin (ng/mL) 6.6 + 08 48 + 04 015
Adiponectin (gg/mL) 109 + 1.0 13.2 £ 0.7 027
IL-6 (pg/mL) 1.8+ 02 21103 217
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Table 2
Correlation of 1L-6, leptin, and adiponectin to measures ot variables in
diabetic patients

1L-6 Leptin Adiponectin
r P " P r P
HOMA-IR 0.016 871 0291 .004 —0.288  .005
BMI 0.090 375  0.338 <.001 -0.308  .002

Systolic blood pressure 0.169 116 0241 025 —-0.077 472
Diastolic blood pressure —0.061 570  0.116 281 ~0.269 .012

HbA,. 0.018 861 —0.062 543 —0.053  .605
Triglycerides 0.028 .785 0.093 362 —0.338 <.001
Total cholesterol —0.153 133 0.184 071  0.010 922
HDL-C -0.295 .004 0.106 300 0.300 .003
Leptin 0.062 .544 0.002  .841
Adiponectin -0.020 841  0.002 841

(23.1 £+ 0.2 kg/m®). They were all nonobese [19]. The
fasting plasma glucose was 141 + 2 mg/dL, and glycosy-
lated hemoglobin (HbA,) was 7.0% =t 0.1%. Fasting
insulin level was 6.7 £ 0.4 pU/mL. Serum triglycerides,
total cholesterol, and HDL-C levels were 130 + 7,203 & 4,
and 57 + 1 mg/dL, respectively. Serum IL-6, leptin, and
adiponectin concentrations were 1.99 + 0.21 pg/mL (range,
0.5-19.3 pg/mL), 5.5 £+ 0.4 ng/mL (range, 1.4-22.8 ng/mL}),
and 13.2 £ 0.7 ug/mL (range, 1.5-24.9 pug/mL), respec-
tively. There was a wide variation in insulin resistance
calculated from HOMA-IR in our diabetic patients (range,
0.51-8.55, 2.41 + 0.14). Of 98 patients, 36 (37%)
had HOMA-IR greater than 2.5, indicating that they are
insulin resistant {2,3].

Table 1 shows the clinical profile between insulin-
resistant and insulin-sensitive type 2 diabetic patients.
Compared with insulin-sensitive type 2 diabetic patients,
insulin-resistant patients had significantly higher levels of
BMI, diastolic blood pressure, fasting glucose, fasting
insulin, HbA,, triglycerides, total cholesterol, and leptin,
and lower concentrations of HDL-C and adiponectin. No
significant difference was observed in age, sex, diabetes
duration, smoking status, status of medication for diabetes,
systolic blood pressure, and IL-6 levels between the 2 groups.

The correlation between fasting IL-6 concentration and
the factors associated with insulin resistance (HOMA-IR,
BMI, systolic blood pressure, diastolic blood pressure,
HbA,,, triglycerides, total cholesterol, HDL-C, leptin, adi-
ponectin) was investigated next (Table 2). The peripheral
level of IL-6 was not associated with these variables in our
patients. In contrast, serum leptin was positively correlated
to HOMA-IR, BMI, and systolic blood pressure. Serum
adiponectin was negatively correlated to HOMA-IR, BMI,
diastolic blood pressure, and triglycerides, and positively
correlated to HDL-C in our patients.

4. Discussion

Type 2 diabetes mellitus is a syndrome characterized
by insulin resistance and/or defective insulin secretion [1].
There seems to be an ethnic difference in insulin resistance

in type 2 diabetes mellitus. Haffner et al [20] surveyed the
prevalence of type 2 diabetes mellitus in white patients and
found that 92% of type 2 diabetic patients were insulin
resistant. Chaiken et al [21] reported that 60% of type 2
diabetic patients with BMI of less than 30 kg/m> were
insulin resistant in African American populations. We
recently demonstrated that 40% of type 2 diabetic pa-
tients are insulin resistant in nonobese Japanese type 2
diabetic patients, indicating that they are divided into 2
variants: one with insulin resistance and the other with
normal insulin sensitivity {2.3]. This finding was recon-
firmed in the present study.

Japanese type 2 diabetic patients are unique in that they
do not always manifest obesity. We previously showed that
the mean BMI in representative epidemiological studies of
Japanese type 2 diabetic patients is 23 to 25 kg/m”, which is
fower than that in studies of other ethnic populations such as
whites {22]. Thus, this fascinating feature of Japanese type 2
diabetic patients, that they are not always obese, but are
composed of individuals who are both insulin sensitive and
insulin resistant, enables us to estimate the factors respon-
sible for insulin resistance in type 2 diabetic patients without
confounding the effects of obesity.

There are some factors associated with insulin resistance
in nonobese Japanese type 2 diabetic patients [2-5].
Whereas BMI and triglycerides are considered to be the
most important factors responsible for the evolution of
insulin resistance, regional abdominal adipose tissue distri-
bution per se contributes to insulin resistance in nonobese
Japanese type 2 diabetic patients [6]. In distinct from white
populations [23] and African American populations [24],
subcutaneous and visceral fat areas are independently
associated with insulin resistance in nonobese Japanese
type 2 diabetic patients [6]. Not only serum triglyceride but
also serum leptin and adiponectin levels are shown to be
associated with insulin resistance in our populations [2-5].
Serum triglyceride level is positively comrelated to visceral
fat area [6]. Serum leptin level is positively correlated to
subcutaneous fat areas, whereas serum adiponectin level is
negatively correlated to visceral fat areas [4,5]. Thus, the
factors associated with insulin resistance in nonobese
Japanese type 2 diabetic patients are hypothesized to be
linked to adipose tissue-related insulin resistance.

Interleukin-6 is another factor that is associated with
adipose tissue-related insulin resistance in man. Human
adipose tissue is shown to secrete IL-6, and this secretion is
correlated with BMI in white healthy subjects [7]. In the
present study, we first demonstrated that fasting serum [L-6
level is not responsible for insulin resistance, at least not in
nonobese Japanese type 2 diabetic patients. This is a
surprising finding because it is a commonly held belief that
IL-6 has a key role in the assessment of insulin resistance in
obese and type 2 diabetic patients [9,10]. Bastard et al [9]
showed that not only leptin but also IL-6 is associated with
BMI and insulin resistance, and that IL-6 and leptin are
interrelated in white obese type 2 diabetic patients. Haffner
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et al [10] demonstrated that the serum levels of IL-6 are
associated with BMI and insulin resistance in obese type 2
diabetic patients.

Thus, the reason why serum IL-6 is not associated with
BMI and insulin resistance in nonobese well-controlled
unique Japanese type 2 diabetic patients is currently
unknown. The possible explanation is the different clinical
characteristics studied. The Japanese type 2 diabetic patients
in our study were unique in that they were nonobese and
were well controlled in terms of BMI, fasting glucose, and
HbA,.. Mean levels of BMI, fasting glucose, and HbA
were 23.1 kg/m?, 141 mg/dL, and 7.0%, respectively. In
contrast, the linkage of IL-6 to insulin resistance is
confirmed in healthy obese subjects (mean BMI, 31.8 kg/m?)
and obese type 2 diabetic patients (mean BMI, 36.6 kg/m?;
mean fasting glucose, 11.1 mmol/L; mean BMI, 30.1 kg/mz;
mean fasting glucose, 213.4 mg/dL; mean HbA,., 8.7%)
[7,9,10]. Thus, the degree of overweight or of hyperglyce-
mia per se might lead to the close relationship between
serum IL-6 and insulin resistance in man. In this respect, the
recent study by Kern et al [25], which showed that although
plasma IL-6 concentration is associated with insulin
resistance, its release is greater in obese subjects especially
when BMI exceeds 30 kg/m?, is very interesting. Body mass
index in our patients ranged from 16.0 to 26.8 kg/mz, that is,
nonobese [14]. Thus, it may be hypothesized that insulin
resistance evoked by IL-6 is the result of elevated adiposity
rather than IL-6 exerting a negative effect on insulin action.
This hypothesis is supported by the study of Vozarova et al
[26], which showed that although IL-6 was positively
correlated to insulin resistance and adiposity, the relation-
ship between IL-6 and insulin resistance disappeared after
adjustment for adiposity in healthy nondiabetic populations.
Using the euglycemic clamp technique, Carey et al [27] very
recently demonstrated that plasma IL-6 concentrations are
strongly related to fat mass, but are not indicative of insulin
resistance in humans. Haffner et al [28] showed that
proliferator-activated receptor 7 agonist (rosiglitazone) has
a beneficial effect on insulin resistance, but has no effect on
serum concentrations of IL-6 in patients with type 2 diabetes
mellitus. Steensberg et al [29] have shown that recombinant
human IL-6 infusion into healthy humans does not result in
impaired glucose disposal.

It may be argued that pancreatic f3-cell function per se
might affect HOMA-IR in Japanese type 2 diabetic patients
because these patients have mild impairments in pancreatic
f-cell function [30]. For that reason, we used serum levels
of leptin and adiponectin as another index of insulin
resistance and found that serum [L-6 level was not
associated with serum levels of leptin and adiponectin in
the present study.

One might argue that exercise per se affects the level of
serum IL-6 in this study because Lyngs et al [31] recently
demonstrated that 1L-6 secretion by adipose tissue was
totally suppressed during exercise. It seems unlikely,
however, because our patients did not perform heavy

exercises for at least 1 week before the study. Alternatively,
the racial difference or the different genetic variation within
the TL-6 gene might explain the discrepant results. Poly-
morphisms of the IL-6 gene are shown to influence insulin
sensitivity in man [32].

Trrespective of this, adipose tissue may not play a major
role in the determination of circulating IL-6 in our
nonobese well-controlled unique Japanese type 2 diabetic
patients. It is well known that 1L-6 production by adipose
tissue could explain only 10% to 30% of the whole
circulating IL-6 concentration in humans [7]. Alternatively,
adipose tissue-secreted [L-6 might function locally at the
level of the adipocyte in a paracrine or autocrine fashion in
the diabetic patients in our study. In this respect, our very
recent study, which shows that tumor necrosis factor o
system activity is not responsible for the evolution of
insulin resistance in nonobese Japanese type 2 diabetic
patients, is intriguing [33].

In summary, we demonstrated for the first time that
although the number of patients with type 2 diabetes
mellitus is limited, the peripheral level of IL-6 does not
appear to be a major explanation of the mechanisms
underlying insulin resistance, at least in nonobese well-
controlled Japanese type 2 diabetic patients. Further studies
should be undertaken to clarify whether other nonobese
diabetic population would exhibit similar resuits.
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Abstract

Impaired fasting glucose (IFG) is a subgroup of impaired glucose regulation exhibiting an elevated fasting glucose levels
without elevated 2-h glucose levels on oral glucose tolerance test (OGTT). Diabetes mellitus with isolated fasting hyperglycemia
(DM/IFH) is a similar subgroup of diabetes having higher fasting glucose levels with 2-h glucose levels within the non-diabetic
range. The aim of this study is to profile the characteristics of these subgroups to estimate the factors involved in the development
from normal glucose tolerance (NGT) via IFG to DM/IFH. Five hundred and sixty seven Japanese males were classified on the
basis of 75g OGTT into four groups, NGT, IFG, DM/IFH, and isolated impaired glucose tolerance (isolated IGT). Insulin
secretion was evaluated by insulinogenic index, insulin sensitivity was evaluated by ISI composite, and insulin secretory patterns
were compared additionally. IFG and DM/IFH subjects exhibited both lower insulin secretion and lower insulin sensitivity than
NGT subjects. There was an insulin peak in NGT, IFG, and DM/IFH at 60 min, which did not occur in isolated IGT. Impaired
early-phase and basal insulin secretion and decreased insulin sensitivity both are estimated as factors in progression from NGT
via IFG to DM/IFH in these subjects. IFG and DM/IFH subjects have definite fasting hyperglycemia in contrast to isolated IGT
subjects, 2-h glucose levels being maintained within the non-diabetic range partly by the insulin peak at 60 min.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The prediabetic state of development from normal
glucose tolerance (NGT) to type 2 diabetes was
defined as impaired glucose regulation by the criteria
of the World Health Organization in 1998 [1]. The
category includes impaired fasting glucose [IFG:
fasting plasma glucose (FPG) level of 6.1-7.0 mmol/
1 and 2-h plasma glucose (PG) level <7.8 mmol/1,
sometimes called isolated IFG], and impaired glucose
tolerance (IGT: FPG level <7.0 mmol/1 and 2-h PG
level of 7.8-11.1 mmol/1). In the present study,
we have focused on IFG because it is a critical
prediabetic state with elevated fasting glucose levels
and 2-h PG levels within the normal range and there
are few analyses of insulin secretion and insulin
sensitivity in IFG, especially in the Japanese
population. We also evaluated a subgroup of diabetes
with more strongly elevated fasting glucose levels
and 2-h glucose levels within the non-diabetic range:
diabetes mellitus with isolated fasting hyperglycemia
(DM/IFH: FPG level >7.0 mmol/1 and 2-h PG level
<11.1 mmol/1).

Both IFG and IGT have clinical importance as
risk categories for type 2 diabetes [2]. While IGT
represents risk for cardiovascular diseases [3], it
remains unclear if IFG is a risk category for
atherosclerosis [2,4]. Thus, it is thought that IFG
has characteristics and pathophysiology that differ
from IGT. Indeed, fasting glucose levels and post-
challenge glucose levels are regulated in part by
different mechanisms [5]. Characterization of the
insulin secretion and insulin sensitivity profiles of
these IFG and DM/IFH subjects should clarify both
the factors involved in progression from NGT via IFG
to DM/IFH, as well as the mechanisms of fasting and
postchallenge glucose regulation.

Glucose intolerance is caused by both impaired
insulin secretion and decreased insulin sensitivity.
The relevance of these factors in Japanese diabetic
patients is known to differ from that in other ethnic
populations [6-13]. In the present study, we analyzed
the results of 75g oral glucose tolerance test (OGTT)
in Japanese male subjects and calculated the
insulinogenic index [14,15] as parameters of insulin
secretion, and the ISI composite [16] as parameters of
insulin sensitivity. We evaluated insulin secretion and
insulin sensitivity in IFG and DM/IFH subjects to

speculate the factors responsible in progression from
NGT to type 2 diabetes in this population. In addition,
we evaluated the insulin secretory pattern during
OGTT to determine the cause of the absence of
elevation of 2-h postchallenge glucose levels despite
of the increasingly elevated fasting glucose levels in
IFG and DM/IFH subjects.

2. Subjects and methods
2.1. Subjects

We recruited subjects undergoing 75g OGTT for
closer evaluation because of positive urine glucose
tests, >5.6 mmol/1 FPG level, >5.0% HbA . level, or
family history of diabetes at initial examination for
regular medical check-up at Kyoto University
Hospital, Ikeda Hospital, Kansai-Denryoku Hospital,
Kansai Health Management Center and Kyoto
Preventive Medical Center between 1994 and 2003.
75g OGTT was performed within 3 months of the
initial examination and the metabolic characteristics
of the subjects with NGT (n=319: FPG level
<6.1 mmol/1 and 2-h PG level <7.8 mmol/1), IFG
(n =76), and DM/IFH (n =42) were compared. In
addition, subjects with isolated IGT (n =130: FPG
level <6.1 mmol/l1 and 2-h PG level of 7.8-
11.1 mmol/1) were evaluated to compare insulin
secretory patterns in IFG and DM/IFH. All subjects
were Japanese males with no signs of hypertension,
hepatic, renal, endocrine or malignant diseases. No
subjects had gastrectomy or engaged in heavy exercise
or taken medications known to affect the glucose
metabolism before the study. The study was designed
in compliance with the ethics regulations set out by
the Helsinki Declaration.

Standard oral glucose tolerance test was adminis-
tered according to the National Diabetes Data
Group recommendations [17], which require subjects
to fast overnight for 10-16 h. Blood samples for
determination of blood glucose were drawn at 0, 30,
60, 90, and 120 min, and those for blood insulin
was drawn at 0, 30, 60, and 120 min after oral
administration of 75g glucose. Blood samples for
measurements of HbA,., total cholesterol, HDL-
cholesterol and triglycerides levels were drawn after
an overnight fast.
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2.2. Measurements

The plasma glucose level was measured by glucose
oxidase method using the Hitachi Automatic Clinical
Analyzer 7170 (Hitachi, Tokyo, Japan). Serum insulin
was measured by two-site radioimmunoassay (Dai-
nabot, Tokyo, Japan) reported previously [18]. Serum
total cholesterol, HDL cholesterol, and triglycerides
levels were measured as reported previously [18].

We used the index as parameters of insulin
secretion: insulinogenic index, which represents the
capacity of insulin secretion [14,15]. To measure
insulin sensitivity, we used the index: ISI composite,
which correlates with systemic insulin sensitivity [16].
The formulas of each index are as follows.

Insulinogenic index =[30-min serum insulin — FIRI
(pmol/1))/[30-min plasma glucose — FPG (mmol/1)]
[14,15].

ISI composite = 10000/[FPG (mg/dl) x FIRT (pU/
ml) x mean OGTT plasma glucose (mg/dl) x mean
OGTT serum insulin (wU/mD)]% [16).

2.3. Statistical analysis

All analyses were performed using STATVIEW 5
system (StatView, Berkeley, CA, USA). The age,
BMI, plasma glucose, and insulin level during 75g
OGTT, HbA ., triglycerides, total cholesterol, HDL-
cholesterol, insulinogenic index, and ISI composite

Table 1

were compared among the NGT, IFG, and DM/IFH
groups by general analysis of variance (ANOVA).
Insulin levels during OGTT also were compared
among the NGT, IFG, DM/IFH, and isolated IGT
groups by ANOVA. For comparison between any two
groups among these three or four groups, unpaired
Student’s r-test was performed as post-hoc analysis.
Probability (P) values of less than 0.05 were
considered statistically significant. Data are expressed
as mean = standard error (S.E.).

3. Results

The clinical and metabolic characteristics of sub-
jects with NGT, IFG, DM/IFH, and isolated IGT are
shown in Table 1. The average age and BMI are 50.6 +
0.5 and 23.3 & 0.1 with S.E., respectively. The mean
ages in the IFG and isolated IGT groups are
significantly higher than those in the NGT group.
The mean BMI in the DM/IFH group is significantly
greater than that in the NGT group. The values in the
IFG and isolated IGT groups are not greater than those
in the NGT group. The isolated IGT group has
significantly higher triglycerides levels than the NGT
group, the isolated IGT and DM/IFH groups have
significantly lower HDL cholesterol levels than the
NGT group, but there is no significant difference in total
cholesterol levels among the NGT, IFG, DM/IFH, and
isolated IGT groups.

Demographic/metabolic characteristics of NGT, IFG, and DM/IFH groups

NGT IFG DM/IFH Isolated IGT
N 319 76 42 130
Age (years) 48.1 + 0.7 544+10° 504+ 1.4 545+ 0.8%
BMI (kg/m?) 230402 235+03 245+ 0.6 236402
FPG (mmol/l) 53400 6.4 +0.0° 7.6 +0.1% 5.6+ 0.0
2-h PG (mmol/1) 59+0.1 6.240.1 8.6 +0.3% 9.0+0.1%
Fasting insulin (pmol/1) 301 3242 39+3° 3442t
2-h insulin (pmol/1) 176 + 8 169 + 14 162 + 18 234 + 114
HbA | (%) 51400 55+0.1° 6.1 +0.1% 55+01°
Triglycerides (mmol/1) 1.32 +0.06 128 +0.13 1.80 £0.19 2.28 +0.46'
Total cholesterol (mmol/1) 5.24 + 0.06 5274+0.17 529+0.16 5.41 +0.08
HDL-cholesterol (mmol/1) 1.52 +0.03 1.58 +0.06 1.33 4+ 0.06" 135 +0.041

Data are mean + S.E.
" P <005
t P<001.
¥ P <0.00l.

¥ P < 0.001 vs. NGT.
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Fig. 1. Insulinogenic index in subjects with NGT, IFG, DM/IFH,
and isolated TGT. Data are mean + S.E. "P < 0.05; "P < 0.01,
P < 0.001 vs. NGT.

Comparisons of insulinogenic index are shown in
Fig. 1. The insulinogenic index in the IFG and DM/
IFH groups are lower than that in the NGT group.
Insulinogenic index in the isolated IGT group is also
significantly lower than that in the NGT group, and
degrees of absolute-valued decline from NGT are
similar for IFG and isolated IGT groups (29.8 pmol/
mmol versus 31.9 pmol/mmol). Comparisons of ISI
composite among the groups are shown in Fig, 2, ISI
composite in the IFG and DM/IFH groups are lower
than that in the NGT group. Though ISI composite in
isolated IGT group is also significantly lower than that
in NGT group, decline of ISI composite is stronger in
IFG than in isolated IGT by 0.55 of difference (2.10

versus 1.55).
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Fig. 2. ISI composite in subjects with NGT, IFG, DM/IFH, and
isolated IGT. Data are mean + S.E. P < 0.01; ™™ P < 0.0001 vs.
NGT.
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Fig. 3. Serum insulin levels during 75g OGTT in subjects with
NGT, IFG, DM/IFH, and isolated IGT. 0 min: P < 0.05 for DM/IFH
vs. IFG; P < 0.01 for DM/IFH vs. NGT. 30 min: P < 0.05 for DM/
IFH vs. NGT; P < 0.01 for isolated IGT vs. NGT. 60 min: P < 0.05
for isolated IGT vs. IFG; P < 0.01 for isolated IGT vs. NGT.
120 min: P < 0.01 for isolated IGT vs. DM/IFH; P < 0.001 for
isolated IGT vs. IFG; P < 0.0001 for isolated IGT vs. NGT.

Analysis of the pattern of insulin secretion is shown
in Fig. 3. An insulin peak is seen at 60 min in NGT,
IFG, and DM/IFH subjects. There are no significant
differences in peak values at 60 min among these three
groups. On the other hand, isolated IGT shows no
insulin peak during 120 min, and the insulin level at
60 min is significantly lower than that in NGT and
JFG. Insulin levels at 2 h in NGT, IFG, and DM/IFH
are significantly lower than that in isolated IGT.

4. Discussion

In the present study, we have clarified the
characteristics of IFG and DM/IFH regarding insulin
secretion and insulin sensitivity in Japanese males by
analysis of 75g OGTT results. Insulinogenic index
was significantly lower in IFG and DM/IFH than in
NGT. This result shows that insulin secretion in IFG
and DM/IFH are distinctly impaired in this population.
IFG showed a significantly lower value of ISI
composite than NGT, indicating impaired insulin
sensitivity. Clearly, loss of both insulin secretion and
insulin sensitivity plays an important role in decreased
glucose tolerance in these IFG and DM/IFH subjects.

Tripathy et al. reported in the Botnia study that the
major determinant of IFG is the defective insulin
action with compensative elevation of insulin secre-
tion, rather than impaired (3-cell function as in
Caucasian subjects [19]. The present study shows
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that Japanese IFG subjects (and also DM/IFH) exhibit
both impaired insulin secretion and decreased insulin
sensitivity. This discordance could be due to ethnic
differences in B-cell capacity, as several reports
suggest that insulin secretion is lower in Japanese than
in other ethnic populations [12,13]. We have reported
lower insulin secretory capacity in Japanese NGT
subjects [20] that would be unlikely to compensate for
even a slight decline in insulin sensitivity.

Our previous study found that Japanese subjects
with impaired glucose tolerance (IGT: FPG level
<7.0 mmol/1 and 2-h PG level of 7.8-11.1 mmol/1) or
isolated postchallenge hyperglycemia (IPH: FPG level
<7.0mmol/1 and 2-h PG level >11.1 mmol/1),
having elevated the 2-h PG levels with mild or no
elevation of FPG levels in contrast to IFG and DM/IFH
subjects, exhibit distinctly impaired insulin secretion,
especially early-phase insulin secretion represented by
insulinogenic index, and only mild insulin resistance.
This indicates that the reduced early-phase insulin
secretion is the primary determinant in development
from NGT via IGT to IPH [21]. In this study, the
subjects with isolated IGT show lower insulin
secretion as those with IFG do. In regarding the
insulin sensitivity in isolated IGT, although they show
statistically lower ISI composite than NGT as IFG
subjects do, the absolute value is apparently higher in
isolated IGT than in IFG. To make the matter clear, we
compared DM/IFH: showed higher FPG level than
IFG, with IPH: showed higher 2-h PG level than
isolated IGT, in regard to insulinogenic index and ISI
composite. Insulinogenic index in IPH subjects is
significantly lower than that in DM/IFH subjects and
ISI composite in IPH subjects is significantly higher
than that in DM/IFH subjects, according to our
analysis (data not shown). These also suggest that the
primary determinant of 2-h PG level in the Japanese
population is early-phase insulin secretion. On the
other hand, the subjects with IFG and DM/IFH
exhibited impaired insulin sensitivity in addition to the
impaired early-phase insulin secretion.

Two-hour PG levels seem to be better controlled in
IFG and DM/IFH subjects than in IGT and IPH
subjects. Because IFG subjects exhibit an elevated
FPG levels with normal 2-h PG levels and isolated
IGT subjects exhibit elevated 2-h PG levels with
normal FPG levels, we used isolated IGT subjects
rather than IGT subjects for comparison of insulin

secretory patterns. The insulin secretion peak occurred
60 min after the glucose administration in IFG and
DM/IFH subjects, as in NGT subjects, and there was
no significant difference in peak insulin values among
these three groups, indicating no impairment of insulin
secretion at 60 min in IFG and DM/IFH. The 2-h PG
level in subjects with IFG and DM/IFH may be better
regulated, at least partly, by this secretory peak at
60 min. On the other hand, no insulin peak occurred
during 120 min of 75g OGTT in isolated IGT, and the
insulin level at 60 min was significantly lower in
isolated IGT than in NGT and IFG. Similar results
regarding pattemns of insulin secretion in IFG and
isolated IGT were reported by Hanefeld et al. [22). It is
clear that IFG and DM/IFH differ from isolated IGT
and IPH in both the capacity and the pattern of insulin
secretion.

It is generally accepted that IFG and IGT subjects
are more obese than NGT subjects at least in
Caucasian subjects, so obesity is considered as a
possible risk factor to progress NGT to IFG and IGT,
further to diabetes. In contrast, our results show no
significant BMI differences among NGT, IFG, and
isolated IGT groups (Table 1), they are similar to that
in Japanese subjects in a population-based study: NGT
23.1 (kg/mz), IGT 24.4, and diabetes 24.3 [23] and
several other studies performed in Japan or other
Asian countries exhibited almost identical results
[21,24-27]. As we recently have mentioned, this
tendency is a common feature of Asian population
[28]. Ethnic differences between Caucasian and Asian
populations could explain the contradiction, as well as
the difference of insulin secretory capacity aforemen-
tioned.

It is also well known that the family history is a risk
factor for type 2 diabetes; however, it is unclear
whether the genetic factor contribute to the incidence
of IFG and IGT. Jensen et al. indicated that generic
factor is one of the contributors to the decreased
insulin secretion [29], and it is the possible analyses on
family history and genetic factor reveal the factors
responsible for the ethnic differences of glucose
intolerance. Unfortunately we were unable to statis-
tically elucidate this question and further investigation
is needed to clear it.

While IGT and IPH are recognized as important
risk factors for cardiovascular events [2], it is unclear
whether or not IFG is a risk factor for atherosclerosis
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[3.4]. Recently, an association between chronic low-
grade inflammation of vascular endothelium and both
atherosclerosis [30] and insulin resistance [31-33]
have been documented. Other reports [21,22] and our
present results indicate that IFG is associated with
insulin resistance more than IGT is. The relationships
among insulin resistance, chronic low-grade inflam-
mation of vascular endothelium, and atherosclerosis
require further elucidation.

In conclusion, both impaired insulin secretion and
decreased insulin sensitivity may contribute to
progression from NGT via IFG to DM/IFH in the
development of type 2 diabetes in these subjects, in
contrast to the development from NGT via IGT to IPH
in which impaired early-phase insulin secretion is the
primary contributor. In addition, the peak of insulin
secretion at 60 min plays a potential role in the
regulation of 2-h PG levels in these subjects. This
profile of glucose intolerance subgroups clarifies the
process of deterioration from NGT to type 2 diabetes
as well as the mechanisms of regulation of FPG and 2-
h PG levels.
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