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Letters

Olanzapine was discontinued, and 15 days
l a t e r, the insulin re q u i rement decreased and
then stopped because of the low blood glu-
cose level. Basal C-peptide was 1.69 nmol/l
and rose to 2.6 nmol/l after glucagon. The
patient was discharged with diet inform a-
tion and with his usual antipsychotic tre a t-
ment without any olanzapine. He re m a i n e d
metabolically stable, and 8 months later he
is still free of diabetic symptoms, his
blood glucose tolerance is quite norm a l ,
and his HbA1 c is norm a l .

S e v e re hyperglycemia and diabetic
ketoacidosis have already been re p o rt e d
with clozapine, but no such adverse eff e c t s
have been noted with olanzapine. Our
patient has no family or personal history
of diabetes. Obesity was the only pre d i s-
posing factor to diabetes, but his initial
p resentation with ketoacidosis and weight
loss is not a common means of initial type 2
diabetes diagnosis. Moreover Colli’s re c e n t
re p o rt (1) suggests an increase in insulin
resistance phenomena as the underlying
mechanism of glucose metabolism pert u r-
bation with clozapine. The C-peptide level
and its evolution after olanzapine re m o v a l
in our observation is not in accord with
C o l l i ’s observations, and studies are
needed to investigate the mechanism by
which olanzapine and clozapine interf e re
with glucose metabolism. Clinicians
should now be on alert when blood glu-
cose deteriorates in psychotic patients,
and glucose level should perhaps be mon-
i t o red when these drugs are used.
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Revised Concept for
the Estimation of
Insulin Sensitivity
F rom a Single Sample

Insulin resistance is common in the gen-
eral population and is related to glucose
intolerance, dyslipidemia, and high

blood pre s s u re. Accurate and re p ro d u c i b l e
methods for measuring insulin sensitivity
in vivo, such as the euglycemic clamp or
the minimal model pro c e d u re, re q u i re
trained personnel and are rather expensive
(1). There is undoubtedly a need for sim-
pler tests, especially in the field of larg e
epidemiological studies. The circ u l a t i n g
level of insulin has been widely used as a
s u rrogate for insulin sensitivity, since a
high plasma insulin concentration is sup-
posed to re flect a state of insulin re s i s-
tance, when the insulin-glucose feedback
is considered. Diff e rent indexes have been
p roposed from baseline values of plasma
insulin and glucose. Actually, there is a
paradox concerning this approach, since
both the product of fasting insulin and
fasting glucose and their ratio are found to
be correlated with insulin sensitivity.
R e c e n t l y, Kahn et al. (2) supported the con-
cept that a hyperbolic relationship existed
between fasting insulin and insulin sensitiv-
i t y. Such a relationship could be described
by a formula on the model of insulin sensi-
tivity (SI) = a/insulin (I), where the coeff i-
cient a would be a constant. There f o re, the
general ratio a/I could be proposed as a new
index of insulin sensitivity.

First, we tried to determine a value for
c o e fficient a. A sample of 70 subjects (22
n o rmal subjects who had participated as
c o n t rol subjects in previous metabolic
studies, and 48 overweight patients; age
11–73 years, BMI 17–43 kg/m2, female/
male ratio 1:1) was randomly selected
f rom a file of patients who perf o rmed an
intravenous glucose tolerance test for cal-
culation of SI by the minimal model, as
p reviously described (3,4). They re p re-
sented the whole range of SI v a l u e s
(0.01–25 10�4 m i n�1 � [ µ U / m l ]�1). All
subjects were nondiabetic, control sub-
jects had normal glucose tolerance, and 21
o v e rweight patients were glucose intoler-
ant, according to World Health Org a n i z a-
tion criteria. Plasma insulin was assayed by
the Bi-Insulin immunoradiometric assay kit
(ERIA-Diagnostics Pasteur, Marnes la
Coquette, France), which shows excellent

p e rf o rmance characteristics in terms of sen-
sitivity (0.2 µU/ml) and re p roducibility and
does not cro s s - react with proinsulin. Plasma
glucose was measured by the glucose oxi-
dase method (Beckman, Palo Alto, CA).

The best-fit relationship was
described by SI ( 1 0�4 m i n�1 � ( µ U / m l )�1 �
I (µU/ml) = 39.65 (r = 0.880, P �
0.0001), i.e., SI � I = �4 0 .

Second, a separate sample of 49 sub-
jects (14 normal subjects and 35 over-
weight patients; age 19–62 years, BMI
19–41.5 kg/m2) was built on the same cri-
teria to compare the accuracy of four
indexes in the assessment of insulin sensi-
tivity: the well-known HOMA-R (homeo-
statis model assessment, defined as the
p roduct of fasting insulin and fasting glu-
cose divided by 22.5) (5), fasting insulin,
the ratio of fasting insulin to fasting glu-
cose (I/G), and the above-defined ratio
40/I. The statistical analysis was per-
f o rmed using the SigmaStat package (Jan-
del Scientific, Erkrath, Germany). The
index 40/I gave a better prediction of min-
imal model–derived SI (r = 0.882, P �
0.0001, Fig. 1) than did HOMA-R (r =
0.546, P � 0.01), fasting insulin (r =
0.589, P � 0.01), and I/G (r = 0.597, P �
0.01). Fasting glucose was not corre l a t e d
to SI (r = 0.09, NS).

In conclusion, the ratio 40/I, with
methods and units used in this study,
p roved to be a more precise marker of
insulin sensitivity than the fasting value of
insulin recommended by epidemiologists.
N e v e rtheless, further studies are needed to
validate this measure in other populations.

ERIC RAYNAUD, PHD

ANTONIA PEREZ-MARTIN, MD

JEAN-FREDERIC BRUN, MD, PHD

AOMAR AÏSSA BENHADDAD, MD

JACQUES MERCIER, MD, PHD

F i g u re 1—C o rrelation between SI and the
index 40/I. n = 49, r = 0.882, P � 0.0001.



1004 DIABETES CARE, VOLUME 22, NUMBER 6, JUNE 1999

Letters

F rom the CERAMM (Centre d’Exploration et de
Réadaptation des Anomalies Métaboliques et Mus-
c u l a i res) (E.R.), University Hospital Lapeyro n i e ;
and the Department of Clinical Biochemistry, Fac-
ulty of Pharm a c y, Montpellier, France.

A d d ress correspondence to Dr. Eric Raynaud,
PhD, CERAMM, University Hospital Lapeyronie, 
F-34295 Montpellier cedex 5, France.

R e f e re n c e s
1 . F e rrannini E, Mari A: How to measure

insulin sensitivity. J Hypert e n s 1 6 : 8 9 5 – 9 0 6 ,
1 9 9 8

2 . Kahn SE, Prigeon RL, McCulloch DK,
Boyko EJ, Bergman RN, Schwartz MW,
N e i fing JL, Wa rd WK, Beard JC, Palmer
J P, Porte D Jr: Quantification of the re l a-
tionship between insulin sensitivity and
�-cell function in human subjects: evi-
dence for a hyperbolic function. D i a b e t e s
42:1663–1672, 1993

3 . B e rgman RN, Finegood DT, Ader M:
Assessment of insulin sensitivity in vivo.
Endocr Rev 6:45–86, 1985

4 . B run JF, Guintrand-Hugret R, Boegner C,
Bouix O, Orsetti A: Influence of short sub-
maximal exercise on parameters of glu-
cose assimilation analyzed with the mini-
mal model. Metabolism 44:833–840, 1995

5 . Matthews DR, Hosker JP, Rudenski AS,
Naylor BA, Treacher DF, Tu rner RC:
Homeostasis model assessment: insulin
resistance and �-cell function from fasti n g
plasma glucose and insulin concentrations
in man. D i a b e t o l o g i a 28: 412–419, 1 9 8 5

Acute 
H y p e r i n s u l i n e m i a
Reduces Plasma
Concentrations of
Homocysteine in
Healthy Men

Recent studies suggested that hyper-
homocysteinemia is an import a n t
risk factor for the development of

p re m a t u re cardiovascular disease in type 2
diabetes (1,2). Insulin resistance and/or
hyperinsulinemia is also a risk factor for
c a rdiovascular disease (3). However, there
is only one re p o rt on the re l a t i o n s h i p
between plasma homocysteine levels and
acute hyperinsulinemia. Fonseca et al. ( 4 )
re p o rted that acute hyperinsulinemia using
a hyperinsulinemic-euglycemic clamp
d e c reases plasma homocysteine levels in
nondiabetic, but not type 2 diabetic, sub-
jects. Unfort u n a t e l y, however, they did not
describe the serum insulin levels during
the hyperinsulinemic-euglycemic clamp,

and they did not observe any dose-
dependent effect of insulin on plasma
homocysteine levels. There f o re, we inves-
tigated whether plasma homocysteine
levels are decreased by insulin in a dose-
dependent manner.

We measured serum insulin and
plasma homocysteine levels during fasting
and during a hyperinsulinemic-eugly-
cemic clamp (at 90 and 180 min) in nine
healthy men (age 26.7 ± 3.1 [mean ± SD]
years, BMI 22.4 ± 2.2 kg/m2) without
h y p e rtension, glucose intolerance, or
hyperlipidemia. The glucose clamp study
was perf o rmed as follows: each subject
was connected to the art i ficial pancre a s
(Nikkiso STG-22; Nikkiso, Tokyo) and
received a constant infusion of insulin
(Novolin R; Novo Nordisk, Copenhagen,
Denmark) for two successive 90-min peri-
ods at rates of 0.5 and 3.0 mU � kg– 1 �
m i n– 1, re s p e c t i v e l y, using a modified ver-
sion of the method of Rizza et al. ( 5 ) .
S e rum insulin levels were measured by
immunoradiometric assay, and plasma
homocysteine by high-perf o rmance liquid
c h ro m a t o g r a p h y.

During the glucose clamp study,
s e rum insulin levels increased from 38.4 ±
24.0 pmol/l at baseline to 234.6 ± 75.6
and 1,464.0 ± 214.2 pmol/l at 90 and 180
min, re s p e c t i v e l y. Plasma homocysteine
levels decreased from 11.9 ± 1.5 nmol/ml
to 10.3 ± 1.4 (P � 0.05) and 9.5 ± 1.4
nmol/ml (P � 0.0l), re s p e c t i v e l y. These
results confirm the reduction of plasma
homocysteine levels by acute hyperinsu-
linemia in healthy subjects and concord
well with the results of Fonseca et al. ( 4 ) .
H o w e v e r, our results on the dose-depen-
dency of the suppressive effect of insulin
a re in conflict with the data of Fonseca et
a l . (4), which showed no dose-dependent
e ffect of insulin on plasma homocysteine
levels. The reason for this discre p a n c y
remains unclear, but it may be partly due
to the diff e rence in BMI between the two
studies (22.4 ± 2.2 vs. 30.7 ± 5.3 kg/m2) .
The mechanism of the suppressive eff e c t
of insulin on plasma homocysteine levels
also remains unclear. Although we did not
evaluate type 2 diabetic subjects, Fonseca
et al. (4) re p o rted that acute hyperinsu-
linemia did not influence plasma homo-
cysteine levels, suggesting that a re s i s t a n c e
to insulin’s effect on homocysteine may
contribute to the increased card i o v a s c u l a r
disease associated with insulin re s i s t a n c e
s y n d rome and type 2 diabetes. We can be
s u re, at least, that acute hyperinsulinemia

cannot induce the elevation of plasma
homocysteine levels. Further investigation
of the effect of chronic hyperinsulinemia
on plasma homocysteine levels using long-
t e rm glucose clamp study will be needed.
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Switching 
I n s u l i n - S e n s i t i z i n g
Agents in Patients
With Type 2 Diabetes
Who Require Insulin

Because insulin resistance is a major
metabolic defect in people with type 2
diabetes, the development of dru g s

that increase the sensitivity of hepatic and
peripheral tissues to the action of insulin


