OBSERVATIONS

Birthweight and Risk
for Diabetes

our independent studies, three in the

U.S. and one in Norway, have re-

cently examined 254,481 persons to
find a relationship between each individ-
ual’s own birth weight and his or her risk
of subsequently developing diabetes (1-
4). The first two studies used type 2 dia-
betes as the sought end point; the second
two focused on gestational diabetes. The
occurrence of diabetes in a pregnant
woman is in itself a marker for a height-
ened risk of subsequently developing
frank diabetes, usually type 2. Table 1
shows the relative risk (RR) of subse-
quently developing diabetes at or below
each designated birth weight; data are
shown as RR (95% CI). Birth weights that
were originally published in Imperial
units have been converted to SI units.

While none of these observations can
in themselves answer questions of causa-
tion, nonetheless the RR ratios found in
the four studies are remarkably uniform
and highly predictive.

None of these studies has identified a
statistically significant increase in risk as-
sociated with birth weight greater than
expected, but together they establish be-
yond all reasonable doubt that being
small for gestational age at birth increases
one’s risk of developing diabetes later in
life. Moreover, they suggest that the
smaller one begins life, the more likely
one will be diabetic at its end.
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Table 1—Birthweight and risk for diabetes in the given person

Birthweight (g)

2,240-2,464

2,464-3,136

<3,000

2,500-2,999

<2,500

<2,240 2,000-2,499

<2.,000

Form

Sex

Source

1.23(1.11-1.37)

1.76 (1.49-2.07)
1.75(1.21-2.54)

1.83 (1.55-2.16)

DM2
DM2

69,526 Female

Nurses’ Study (1)
Health Profession

22,846  Male

Follow-Up Study (2)
Norway Women’s

1.6 (1.1-2.3)

1.8 (1.1-3.0)

GDM

138,714 Female

Study (3)
New York Women’s

1.35 (1.02-1.80)

1.57 (1.03-2.40)

GDM  2.16 (1.04-4.50)

23,395 Female

Study (4)
Data are RR (95% CI). DM2, type 2 diabetes; GDM, gestational diabetes mellitus.
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Significance of Cord-
Blood Leptin in
Newhborns of
Diabetic Mothers

uman fetal adipocyte produces lep-
tin. At birth, cord-blood leptin con-
centration closely correlates with
the amount of newborn fat mass. It is sug-
gested that the sexual dimorphism ob-
served in adults already exists in utero.
The higher leptin levels in newborns of
diabetic mothers (1) compared with the
offspring of nondiabetic mothers could
reflect increased adipose tissue. It has also
been postulated that hypoxic conditions
during pre-eclamspsia affect cord-blood
leptin (2) and that fetal insulin stimulates
fetal adipocyte leptin production (3).
We assessed cord-blood levels of lep-
tin and insulin in 56 neonates born to
diabetic mothers (preexisting diabetes
n = 15, gestational diabetes mellitus
[GDM] n = 41) and in 25 born to control
subjects and investigated whether leptin
levels are related to ponderal index (PI),
sex, pre-eclampsia, or fetal insulinemia.
Leptin assays were performed using ra-
dioimmunoassay (Diagnostic Systems,
Webster, TX). Inter- and intra-assay vari-
ations were 5.3 and 3.7%, respectively.
The detection limit was 0.10 ng/ml. The
PI, used for nutritional assessment of the
neonate, was calculated as body weight
(g)/[crown-heel length (cm)]® X 100.
Leptin was found to correlate with PI
(r=0.31, P = 0.02). It was significantly
higher in newborns of mothers with
preexisting diabetes than in newborns of
mothers with GDM or control subjects
(median 15 ng/ml, range 9-20.2 vs. me-
dian 8.3, range 5-11.3 vs. median 9,
range 5.3-16, P = 0.04). After adjust-
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ment for PI, there was a difference in sex
(P = 0.002) in newborns of diabetic
mothers with higher leptin values in fe-
males (median 11.2 ng/ml, range 8.1-
20.2) than males (median 7.7, range
4-12). No difference was observed be-
tween the absence and presence of mater-
nal pre-eclampsia. Reflecting maternal-
hyperglycemia influence on fetal growth,
offspring of mothers with preexisting di-
abetes had higher PI and insulin levels
than those of mothers with GDM or con-
trol subjects (2.89 = 0.25vs.2.69 £ 0.26
vs. 2.68 £ 0.18, P = 0.01, median 17.3
pIU/ml, range 7.1-25 vs. median 4.8,
range 2.5—8.5 vs. median 2.5, range 2.5—
6.2, P = 0.001). Insulin levels correlate
strongly to leptin levels independently of
PI, but only in the GDM group (P =
0.014).

Cord-blood leptin reflects the fetal
growth in newborns of diabetic mothers.
It appears as a valuable marker of fat mass
at birth and allows to quantify even the
mild “maternal diabetes effect” on the
progeny. Nevertheless, sexual dimor-
phism already exists in utero and sex
could affect leptin level independently of
fat mass. The maternal diabetes effect on
fetal leptin is likely to arise from fetal in-
sulin overproduction, which subse-
quently contributes to fat deposition.
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Prevalence of
Postprandial
Hyperglycemia in
Adolescents

A population-based study

opulation-based studies determin-

ing the prevalence of type 2 diabetes

in adolescents are sparse. Therefore,
we designed a feasibility population-
based study to detect postprandial hyper-
glycemia, an early manifestation of
diabetes, in adolescents.

The study population consisted of all
students taking a mandatory sophomore
health class at a suburban Chicago high
school during the 1998-1999 school
year. Those who returned parental con-
sent, student assent, and a parental ques-
tionnaire entered the study. Within 90—
120 min of completing a standardized
lunch (~100 g carbohydrate), students
had a capillary blood glucose (CBG) exam
for acanthosis nigricans (AN), as well as
height and weight measurements. Study
was approved by the institutional review
board and the school board.

Of 553 students, 284 (51%) enrolled
and 255 (90%) completed the study. The
ethnic profile of our sample (46% Cauca-
sian, 38% African American, and 6% His-
panic) closely paralleled that of the
school. The mean age was 15.9 * 0.5
years; 53% were female; 38% had a first-
or second-degree relative with diabetes;
3% had maternal gestational diabetes;
and 27% had BMI =85th percentile.
Mean CBG was 5.1 = 0.7 mmol/L.

Postprandial CBG was significantly
associated with BMI =85th percentile
(P <0.01) and a first-degree relative with
diabetes (P = 0.001). However, these two
factors only accounted for 6% of the vari-
ation in CBG (R* = 0.06).

Prevalence of AN in African Ameri-
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can, Hispanic, and Caucasian students
was 51, 25, and 1%, respectively. AN was
significantly associated with a first- or
second-degree relative with diabetes (P =
0.004), ethnicity (P < 0.001), and
BMI =85th percentile (P < 0.001).

No postprandial CBG was =7.8
mmol/l. The absence of undiagnosed hy-
perglycemia is consistent with findings of
the Third National Health and Nutrition
Examination Survey (2) and speaks
against population-based studies. Limit-
ing screening to high-risk individuals may
better improve efficacy and feasibility.

Recently Sinha et al. (3) reported the
prevalence of impaired glucose tolerance
in obese Caucasian and African American
adolescents to be 16 and 27%, respec-
tively, and undiagnosed diabetes in Afri-
can American teens to be 8%. The absence
of hyperglycemia in our obese subjects
(including 6 Caucasian and 17 African
American) may be due to ascertainment
bias, given small sample size, or because
teens with a postprandial CBG <7.8
mmol/l may still have abnormal glucose
tolerance.

Interestingly, our results suggest that
a normal but higher CBG is associated
with adult risk factors for type 2 diabetes.
We propose that subtle abnormalities in
glucose homeostasis may present in ado-
lescence and then track with the develop-
ment of overt abnormalities in adulthood.
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Porphyromonas
gingivalis Infection
Is Associated With
Elevated C-Reactive
Protein in Nonobese
Japanese Type 2
Diabetic Subjects

oronary heart disease (CHD) is the

leading cause of death among pa-

tients with type 2 diabetes. Several
factors were observed to be associated
with an increased risk of major manifes-
tations of CHD. Elevated levels of C-reac-
tive protein (CRP), although often in the
healthy reference range, have been asso-
ciated with increased risk of future CHD
(1). We hypothesized that periodontal in-
fection might contribute to the elevated
CRP in diabetic populations, since peri-
odontal disease has recently been de-
clared the sixth complication of diabetes
(2). Serum IgG antibody levels against
several periodontal pathogens, especially
against Porphyromonas gingivalis (P. gingi-
valis), are elevated in chronic adult peri-
odontitis patients and decline with
therapy (3). However, a major problem is
that the degree of being overweight or of
hyperglycemia per se greatly affects CRP
levels in type 2 diabetes. To overcome this
difficulty, we recruited nonobese well-
controlled unique Japanese type 2 dia-
betic patients who had no evidence of
cardiovascular disease, ischemic stroke,
hepatic disorders, or chronic renal failure
and investigated the association between
IgG titer against P. gingivalis and CRP
level. A total of 131 patients aged 36—84
years were enrolled in the study. The pa-
tients were nonobese (BMI >20.0 and
<27.0 kg/m?) and were well controlled in
terms of HbA,. (mean HbA,, 7.2%) and
blood pressure (BP) (mean BP 130/76
mmHg). All diabetic subjects were treated
either with sulfonylureas or with diet

alone. None of them received insulin
therapy.

No significant correlation was ob-
served between high sensitive CRP value
and known risk factors such as triglycer-
ides (r = 0.108, P = 0.108; Spearman’s
correlation coefficiency), LDL cholesterol
(r = 0.155, P = 0.155), hyperglycemia
(FBS r = 0.125, P = 0.156; HbA,. r =
0.153, P = 0.152), and the degree of obe-
sity (BMD) (r = 0.161, P = 0.161), except
for a very weak correlation with total cho-
lesterol (r = 0.047, P = 0.047). Yet, sig-
nificant correlations between high
sensitive CRP value and IgG titers against
P. gingivalis FDC 381 (serotype a) and
against SU63 (serotype b) were observed
(r=0.219,P<0.013andr=0.233,P<
0.008, respectively). Serum IgG titer to P.
gingivalis, however, did not correlate with
lipid abnormalities.

Thus, it is possible that periodontal
infection is an independent contributing
factor for future cardiovascular events, as
recently proposed by others (4). How-
ever, there is another possibility that ele-
vated CRP is simply a result of local
periodontal infection. In that case, high
sensitive CRP may not be a good marker
to predict cardiovascular risk. Therefore,
we need to undertake a large epidemio-
logical study investigating the relation-
ship between chronic periodontitis and
cardiovascular events in such nonobese
well-controlled patient populations.
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Effect of Sildenafil
on Diabetic
Gastropathy

iabetic gastropathy (DG) is the most

serious neuromuscular dysfunction

of the stomach that may affect dia-
betic patients. DG is a syndrome of de-
layed gastric emptying correlated to
alterations of gastric tone, contractility,
and myoelectrical activity. Gastric dys-
rhythmias, antral hypomotility, antral di-
lation, antroduodenal incoordination,
and pylorospasm variously relate to DG.

DG pathogenesis is multifactorial: au-
tonomic neuropathy, microangiopathy,
and the degenerative impairment of gas-
tric neuromuscular structure are possible
mechanisms of gastric dysfunction. Also,
the acute increase in blood glucose might
reversibly delay gastric emptying (1,2).
Gastric dysrhythmias correlate with a dis-
turbance of gastric electrical slow waves
(ESWs). ESW rhythm, which is generated
by interstitial cells of Cajal, coordinates
gastric peristalsis (3,4). Cajal cells, dis-
tributed in specific locations within the
enteric tunica muscolaris, serve as electri-
cal pacemakers and mediators of neuro-
muscolar transmission (5).

These cells have close relationships
with neurons of myenteric plexus and are
specifically responsive to nitric oxide
(NO) neurotransmission through the ac-
tivation of their intracellular cyclic guano-
sin monophosphate (¢cGMP), the second
messenger of the nitrergic pathway (5,6).
Injury or reversible impairment of gastric
nitrergic neurons or of Cajal cells may al-
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Table 1—Gastric emptying scintigraphy data from two patients affected by diabetic gastro-
paresis before and after sildenafil and placebo administration

Patient A Patient B
Lag phase  Half time RA Lag phase  Half time RA
(min) (min) %120 (min) (min) %120
Normal values <30 838 + 16 35+ 10 <30 88 * 16 35 *+ 10
Basal study 45 94 43 90 213 80
Sildenafil 30 67 27 30 68 25
Placebo 30 97 31 30 548 75

Data are means * SD. RA %120, residual activity at 120 min in percent.

ter nerve-muscle communications. In this
sense, reduced NO-dependent neuro-
transmission might be crucial in the loss
of coordinated mechanical smooth mus-
cle response in diabetic patients. Sildena-
fil, a drug that inhibits phosphodiesterase
type 5 (PD-5)-mediated cGMP break-
down, might increase cGMP of Cajal cells
when the signal linked to NO is low. It is
conceivable that in DG, sildenafil could
improve gastric emptying by reversing
the loss of nitrergic neurotransmission, as
already demonstrated in animal models (7).

We recently observed two patients
with DG and evaluated a new therapeutic
approach to gastric emptying using silde-
nafil. Two type 1 diabetic females, aged
45 and 40 years and not pregnant, were
hospitalized for acute diabetic gastropare-
sis with early satiety and postprandial
fullness, recurrent nausea, vomiting, and
heartburn. A complete laboratory work-
up evidenced normal complete blood cell
count, blood urea nitrogen, creatinine,
sodium, and potassium. According to the
criteria outlined by Ewing and Clarke, a
total score >6 was found as index of au-
tonomic nerve damage (8). A complete
gastrointestinal radiographic and endo-
scopic study ruled out peptic disease or
mechanical obstructions. Common pro-
kinetic drugs did not relieve symptoms.
After informed consent, both patients
were evaluated by gastric scintigraphy to
assess a possible therapeutic effect of sil-
denafil. The gastric emptying scintigra-
phy was perfomed three times: on the first
day, without drugs, to obtain a baseline
study and on the second and third days
30 min after the oral administration of
two different drugs, sildenafil (50 mg tab-
lets) or placebo (vitamin A), according to
a randomization to evaluate the different
effects of the drugs on gastric emptying.
After an overnight fast, each subject con-
sumed, in 5 min, a solid meal that con-

sisted of a sandwich with two “°™Tc
MAA-scrambled eggs (74 MBq) and a
glass of water (9). The gastric emptying
parameters examined were lag phase,
which is defined as when activity first
exits the stomach (10), half time in min-
utes, and residual activity at 120 min
in percent. The improvement of gas-
tring emptying parameters was only ob-
served after sildenafil administration
(Table 1).

Our data seem to confirm the involve-
ment of nitrergic gastric neurotransmission
in DG. It would be interesting to further
evaluate PD-5 inhibitors as a new therapeu-
tic approach to diabetic gastroparesis.
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Insulin Glargine in
Continuous Enteric
Tube Feeding

n comparison with the traditional

long-acting insulins, i.e., NPH and Ul-

tralente (1-3), insulin glargine, a novel
insulin analogue has been documented to
decrease the number of hypoglycemic ep-
isodes while achieving an adequate glyce-
mic control. The decline in hypoglycemic
events, especially nocturnal, is attributed
to the ability of insulin glargine to attain a
steady-state plasma insulin concentration
without a peak for ~24 h on a subcuta-
neous (SC) administration of a single dose
(4). Therefore, insulin glargine may
achieve an effect similar to that obtained
by continuous intravenous (IV) or SC in-
fusion of regular insulin in subjects re-
quiring continuous enteral or parenteral
alimentation. However, documentation
of the use of glargine in similar circum-
stances is lacking. In this article, we stud-
ied a subject in whom insulin glargine
monotherapy attained and maintained
desirable glycemic control while receiv-
ing continuous enteral feeding.
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R.A., a 60-year-old white man with
type 2 diabetes of 2 years’ duration, un-
derwent radical surgery and was receiving
radiation therapy for management of a
squammous cell carcinoma of the oral
cavity. Postoperatively, he manifested re-
current aspiration on several attempts at
oral feeding and therefore was being ad-
ministered continuous enteral tube feed-
ing. His HbA, . before surgery was 7.5%
with capillary blood glucose recordings
between 180 and 250 mg/dl (10-14
mmol/l). It was determined that the sub-
ject would require enteral nutritional sup-
port for a prolonged period of time, even
after discharge from the hospital within a
week after surgery. Therefore, due to ease
of administration, SC insulin glargine was
initiated with 24 units at 9:00 p.uM. instead
of continuous IV or SC infusion adminis-
tration. The dose of insulin glargine was
gradually increased by 2—4 units at inter-
vals of 3 days (even at home via telephone
counseling) to attain blood sugars be-
tween 100 and 140 mg/dl (5.6-7.8
mmol/l) determined at 6-h intervals.
Within 3 weeks, the optimal glycemic
control, between 80 and 140 mg/dl, as
reflected by most home blood glucose
readings, was achieved with 45 units in-
sulin glargine. There was not a single hy-
poglycemic event during the period. The
same insulin dose continued for the next
3 months while monitoring blood glucose
levels. The maintenance of optimal glyce-
mic control was further confirmed by an
HbA,. concentration of 6.1% at 6
months.

This case study illustrates that SC ad-
ministration of insulin glargine is able to
attain and maintain desirable glycemic
control in subjects who require continu-
ous enteral (or parenteral) alimentation
without inducement of hypoglycemia.
This beneficial effect could be attributed
to its unique profile of achieving steady,
peakless insulin concentrations. There-
fore, it could replace IV or SC continuous
infusion of regular insulin during hospi-
talization, especially on the general ward,
and at home because of its ease of admin-
istration and convenience.
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Diabetes and ST
Elevation Myocardial
Infarction

How successful is intravenous
thrombolysis for the diabetic heart?

arly resolution of ST-segment eleva-
tion is associated with enhanced
clinical outcome following ST eleva-
tion myocardial infarction (STEMI). Ac-
cording to previous studies, the incidence
of successful reperfusion following
STEMI treated with thrombolytic regi-
men is similar for type 2 diabetic subjects
and nondiabetic subjects as assessed by
“snapshot” electrocardiographic or angio-
graphic criteria (1). Nevertheless, type 2
diabetic subjects thrombolysed because
of STEMI still seem to fare worse, mani-
festing impaired left ventricular function
or long-term prognosis (2).
The aim of this prospective study was
to test the hypothesis that type 2 diabetic

subjects may have a protracted ST-
segment recovery, even while achieving
reperfusion criteria, compared with non-
diabetic subjects. Therefore, continuous
ST-segment monitoring was used, as it is
considered to be more reflective not only
of infarct-related artery patency status,
but of actual tissue reperfusion (3).

The study cohort included 137 pa-
tients with STEMI: 105 nondiabetic sub-
jects and 32 type 2 diabetic subjects (age
58.9 £ 10.3 vs. 67.5 = 7.1 years, respec-
tively; P << 0.001) without history of prior
myocardial infarction or coronary artery
bypass surgery. Each patient received ei-
ther streptokinase or tissue-type plasmin-
ogen activator (t-PA) in =6 h from index
pain and was connected to the Eagle 4000
Monitor immediately after admission. All
patients integrated to this study attained
the criterion of steady =50% ST-segment
recovery within 90 min after thromboly-
sis initiation. Significant differences in the
two groups were not found concerning
time elapsed from index pain to initiation
of thrombolytic procedure, location of
STEMI, or thrombolytic agents used.

The time required for =50% ST-
segment steady resolution was signifi-
cantly greater in type 2 diabetic subjects
than in nondiabetic subjects (68.8 * 15
vs. 45.8 = 17.9; P < 0.001). Moreover,
the former had higher subsequent peak
creatin kinase myocardial type B isoen-
zyme release than the latter (P < 0.001).
According to multivariate linear regres-
sion analysis, type 2 diabetic subjects
were independently and positively related
to the time for =50% ST-segment recov-
ery (P < 0.00D).

In accordance to the original hypoth-
esis, the present study showed that type 2
diabetic subjects required almost 50%
more time to achieve satisfactory ST-
segment elevation recovery. The dimin-
ished benefit from thrombolysis may be
attributed to several diabetes-induced
disorders from diffuse coronary artery
disease, metabolic derangements, com-
plexity of the culprit atheromatic plaque,
microangiopathy including endothelial
dysfunction, and diminished flow re-
serve, to impaired glucose utilization and
accumulation of fatty acid intermediates
(4). The results of the present study imply
that the retardation in achievement of sat-
isfactory reperfusion in the myocardial
cells, as assessed by ST-segment elevation
resolution, may at least partially account
for the subsequent detrimental effect on
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diabetic hearts when suffering STEMI. If
these findings are validated with larger
studies, a more aggressive therapeutic ap-
proach might prove suitable for type 2
diabetic subjects with STEML
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A New Index of
Insulin Sensitivity
Obtained From the
Oral Glucose
Tolerance Test
Applicable to
Advanced Type 2
Diabetes

atthews et al. (1) demonstrated
that the homeostasis model as-

sessment of insulin resistance
(HOMA-IR) is closely correlated with the

insulin sensitivity index assessed by eu-
glycemic clamp in only a few patients
with type 2 diabetes. Emoto et al. (2) and
Bonora et al. (3) also reported that
HOMA-IR provided a good correlation in
the clamp studies in a relatively greater
number of diabetic subjects. However, it
has been recognized among some investi-
gators that the HOMA-IR shows relatively
low value when the insulin secretion de-
creases in patients with advanced type 2
diabetes, because the HOMA-IR is a prod-
uct of fasting glucose and insulin levels.
On the other hand, several investigators
have recently proposed methods to assess
insulin sensitivity using an oral glucose
tolerance test (OGTT). Stumvoll et al. (4)
disclosed that the OGTT can assess insu-
lin sensitivity in nondiabetic subjects.
Even in type 2 diabetes, an index pro-
posed by Matsuda and DeFronzo (5) was
correlated to clamp-derived insulin sensi-
tivity. Although these parameters from
the OGTT decrease with worsening of
glucose tolerance, the values inversely in-
crease once the total insulin secretion de-
clined. They have not been fully validated
in Japanese subjects, especially in various
grades of type 2 diabetes. In this study, we
proposed a new index from the results of
the OGTT and compared them with the
M-value obtained from the clamp method.

We studied 113 Japanese subjects (72
men and 41 women; aged 35-79 years,
mean 58.9 years; BMI 16.2-32.0 kg/m?,
mean 24.1 kg/m?) with varying degrees of
glucose tolerance. The subjects under-
went a euglycemic clamp study and a
75-g OGTT. Subjects were divided into
five groups: 1) normal glucose tolerance
(NGT), n = 42; 2) impaired glucose tol-
erance (IGT), n = 26; 3) type 2 diabetes
with normal fasting plasma glucose (FPG
<110 mg/dD) (DM-NFG), n = 13;4) type
2 diabetes with impaired fasting plasma
glucose (FPG 110-125 mg/dl) (DM-IFG),
n = 18; and 5) type 2 diabetes with dia-
betic fasting plasma glucose (FPG = 126
mg/dl) (DM-DFG), n = 14. None of the
patients were treated with insulin or oral
antidiabetic drugs. Insulin sensitivity was
measured by the euglycemic-hyperinsu-
linemic glucose clamp technique using an
artificial pancreas (Model STG-22; Nik-
kiso, Tokyo) and expressed as the M-
value. A standard 75-g OGTT was
performed; plasma samples for glucose
and insulin were obtained at 0, 30, 60, 90,
120, and 180 min after the glucose load.
Insulin sensitivity was assessed as the in-
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sulin sensitivity index (ISI) calculated us-
ing the OGTT values by three previously
proposed formulas. The first index, pro-
posed by Matsuda and DeFronzo (5), was
calculated as follows:

ISI-M=100,000/

([0-min PG X 0-min IRI] X [mean PG X mean IRI])

(1)

The second index, proposed by Stumvoll
et al. (4), was calculated as follows:

ISI-S = 0.226 — 0.0032 X BMI — 0.0000645
X 120-min IR — 0.00375 X 90-min PG~ (2)

The third index, proposed by Gutt et al.
(6), was calculated as follows:

ISI-G = m/(0-min PG + 120-min PG)
X 0.5/log(0-min IRI + 120-min IRI X 0.5)

3

where m is the glucose uptake rate in pe-
ripheral tissues, calculated as m =
(75,000 mg + [0-min PG — 120-min PG]
X 0.19 X body weight)/120 min. This
study was performed in accordance with
the Helsinki Declaration, and written in-
formed consent was obtained from each
participant.

In the present study, the M-value de-
creased linearly with worsening of glu-
cose tolerance (NGT, 7.71 = 1.86 mg -
kg_1 -min~ % IGT, 5.15 = 1.55 mg-kg_1
-min~'; DM-NFG, 3.22 = 0.80 mg'kg*1
‘min~'; DM-IFG, 2.73 = 0.73 mg - kg '
-min~'; and DM-DFG, 2.51 = 0.63 mg*
kg ' -min~'; r = —0.804, P < 0.0001,
by Spearman’s correlation test). To search
a new index of insulin sensitivity, step-
wise multiple regression analysis was
performed with the M-value as the de-
pendent variable and glucose and insulin
concentrations during the OGTT as the
independent variables. The multiple re-
gression analysis yielded the following
equation (R* = 0.581, P < 0.0001):

ISI-K=13.192 — 0.712 X 0-min PG — 0.341
X 120-min PG + 0.002 X 30-min IRI
— 0.003 X 90-min IRI “)
The M-value was best correlated with the
ISI-K (r = 0.762, P < 0.0001), followed

by the ISI-G (r = 0.692, P < 0.001), the
ISI-S (r = 0.559, P < 0.001), the ISI-M
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Insulin secretion and insulin sensitivity in various degrees of glucose tolerance

Table

P*

DM-DFG

DM-IFG

DM-NFG

IGT

NGT

0.0307
0.1101
0.5032
0.1283
0.2856
<0.0001

579 * 3568
226+ 1361

769 = 479

916 = 527%
1.97 = 1.27%

927 = 508t
1.96 = 1.23%

744 = 359

AUC (insulin)
HOMA-IR
ISI-M

ISI-S

2.52 + 148§
482 = 2817

1.62 £0.95
6.91 = 3.38
0.108 = 0.017

525 % 2.75%
0.072 = 0.022%8

5.75 £ 4.42%
0.064 = 0.02278

543 + 2927

0.071 = 0.02278

0.082 = 0.025t

35.7 £ 8.418 37.1 £9.8%8 37.8 £12.119
3.42 £ 0.92781

4.06 £ 0.9378

53.0 = 12.3%

832 *21.6

ISI-G

2.37 + 1.51+§|#

Data are mean £ SD. *P is the significant correlation among the three diabetic groups (DM-NFG, DM-IFG, and DM-DFG) by Spearman’s correlation test. TP < 0.01, ¥P < 0.05 vs. NGT; §P < 0.01 vs. IGT;

7.04 £0.77 5.51 £ 0.887

ISI-K

[[P<0.01,9P < 0.05 vs. DM-NFG; #P < 0.05 vs. DM-IFG. ISI-G, insulin sensitivity index proposed by Gutt et al.; ISI-K, insulin sensitivity index proposed by Kanauchi; ISI-M, insulin sensitivity index proposed

by Matsuda et al.; ISI-S, insulin sensitivity index proposed by Stumvoll et al.

(r =0.214, P = 0.023), and HOMA-IR
(r = —0.257, P = 0.006). Furthermore,
we adapted the ISI-K to a large number of
subjects with various degrees of glucose
intolerance. A series of 551 subjects un-
derwent a 75-g OGTT and were divided
into five groups: 1) NGT, n = 238; 2) IGT,
n = 211; 3) DM-NFG, n = 40; 4) DM-
IFG, n = 34; and 5) DM-DFG, n = 28.
The present study showed that the area
under the curve (insulin) decreased lin-
early with a progression of diabetes (from
DM-NFG to DM-IFG to DM-DFG),
whereas HOMA-IR showed an inverted
U-shape relationship (Table). It is possi-
ble that the apparent lower HOMA-IR in
subjects with advanced type 2 diabetes
might be explained by the B-cell failure
and insulin deficiency. The ISI-M also
showed a U-shape relationship, and both
the ISI-S and ISI-G increased linearly with
a progression of diabetes, but only the
ISI-K significantly decreased (Table). In
Japanese subjects, the total insulin secre-
tion during OGTT increased until the
FPG level reached 110 mg/dl, but de-
creased after the inflection point (7). It
has been recognized that the compensa-
tory function of the pancreatic B-cell in
Japanese subjects is lower than that ob-
served in Caucasian subjects. Ethnic dif-
ferences may be a factor that determines
the role of decreased insulin secretion
(8). In conclusion, this equation (ISI-K)
may be applicable to even type 2 dia-
betic Japanese subjects, who are often
hypoinsulinemic.
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