
thermore, the usual compensatory in-
crease in insulin secretion in response to
insulin resistance was lacking in the olan-
zapine-fed dogs. Apart from the evidence
of differential effects of the two agents, the
results suggest that olanzapine may in-
duce insulin resistance even in the ab-
sence of psychopathology. The lack of
compensatory increase in insulin secretion
suggests that olanzapine may also impair
insulin secretion.

A recent correlational analysis (3) of
receptor affinities of individual antipsy-
chotic agents and their diabetogenic ef-
fects suggests that muscarinic M3
receptor affinity is the best predictor of
risk for development of type 2 diabetes.
The study was limited by its use of data
from different laboratories, collected un-
der different conditions. Nevertheless,
the results are not surprising given the
clinical knowledge that two of the anti-
psychotic agents with the most anticho-
linergic activity, clozapine and olanzapine,
seem to present the greatest risk for devel-
opment of type 2 diabetes. Among the
first generation agents, there are reports
(4) of diabetes in patients taking chlor-
promazine, an agent with considerable
anticholinergic activity. To our knowl-
edge, however, there are no reports of di-
abetes in those taking haloperidol, an
agent without significant anticholinergic
activity. Muscarinic receptor affinity may
also be the reason why a comparative
study (5) of clozapine and chlorproma-
zine did not find a significant difference
between treatments and their effects on
weight or glucose metabolism. The study
was cited by Cohen et al. (1) in support of
their contention that all antipsychotic
agents present risks of diabetes.

Taken together, these studies suggest
that antipsychotic agents differ from one
another in their effects on glucose metab-
olism. Until this issue is completely re-
solved, it would be prudent to monitor
measurement of fasting glucose in all
patients with schizophrenia, irrespective
of the prescribed antipsychotic drug,
with special attention provided to
those taking olanzapine, clozapine, and
chlorpromazine.
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Hyperglycemia and
Diabetes in Patients
With Schizophrenia
or Schizoaffective
Disorders

Response to Jindal and Keshavan

W e thank Jindal and Keshavan (1)
for their contribution explaining
the results of our study (2),

which stated that in a cross-sectional de-
sign (n � 200), no differences in the prev-
alence of diabetes or hyperglycemia
between typical- or atypical-treated pa-
tients were found. We would like to make
two comments on this statement. First,
although the muscarinic M3 receptor af-
finity fits well with the diabetogenic prop-
erties of antipsychotic drugs, so does H1-
histaminergic (but not muscarinic M3)
receptor affinity with short-term weight
gain, a factor that is often, but not always,
present in antipsychotic-related diabetes
(3,4). Second, it has been suggested (5)
that risk factors of diabetes exert less pre-

dictive power in schizophrenia than in the
general population. This hypothesis was
tested (6) by examining the effect of the
two major risk factors for diabetes: age
and weight. In 200 patients with schizo-
phrenia, typical (but not atypical) anti-
psychotic drugs modified the effect of
these risk factors, confirming a less
straightforward relationship between dia-
betes risk factors in schizophrenia than in
the general population.

The statement by Jindal and Keshavan
(1), that no cases of diabetes have been re-
ported with haloperidol, may be interpreted
as stressing the same point. Taken literally,
it is simply untrue, as the following cases (7)
have been reported: 10 of new-onset diabe-
tes, 2 of worsening of existing diabetes, and
1 with an unknown preexisting status (on
haloperidol monotherapy) with 4, 2, and 1
cases on haloperidol-risperidone combina-
tion therapy, respectively. More broadly
speaking, Jindal and Keshavan (1) justly
criticize the typical-atypical classification of
antipsychotics as a scientifically unproduc-
tive dichotomy. This was shown (8) in cell
culture, for instance, where haloperidol’s
inhibiting effect on cell proliferation was
comparable with the atypical clozapine but
not to the typicals chlorpromazine and flu-
phenazine. In this very complex matter, the
ability to take any stance on explanatory
pathways is currently precluded by the fact
that research into the diabetogenic proper-
ties of antipsychotic medication and its
pathways is just beginning.
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Modeling Chronic
Glycemic Exposure
Variables as
Correlates and
Predictors of
Microvascular
Complications of
Diabetes

Response to Dyck et al.

W e read with interest the article by
Dyck et al. (1), in which the au-
thors described a chronic glyce-

mic exposure variable (GEi) in the
Rochester Study. They examined GEi and
its individual components (A1C, dura-
tion, and age at onset) in terms of predic-
tion/correlation with complications and
concluded that GEi is generally predicted
better than its individual components (see
Table 3 of ref. 1).

Dyck et al. compared their results
with our previously published analyses
(2) using a different chronic glycemic ex-
posure variable, A1 months, noting that
(as also reported by the Diabetes Control
and Complications Trial [3]) this combi-
nation variable did not predict better than
its components (A1 and duration). Our

analytic approach, however, was differ-
ent; we compared the fit of models, in-
cluding the components to a model, with
the composite alone. The differences in fit
were small but favored the separate com-
ponents. It would thus be interesting to
compare the total R2 of alternate models,
one with GEi and another with its compo-
nents, in the current study. We suspect
that, as in our case, differences would be
small.

Another interesting issue is the use of
“age at onset ” and “duration” (1) together
effectively defining age itself. Could any
enhanced prediction be related to age it-
self? Inclusion of the partial R2 for age in
Table 3 (see ref. 1) would be useful.

Dyck et al. further suggested that dif-
ferences between these studies may be ex-
plained by the “choice of patients” and
differences in outcome assessment. As the
Epidemiology of Diabetes Complications
study (4) is comprised of community-
treated type 1 diabetic individuals from a
childhood-onset cohort shown to be epi-
demiologically representative of type 1
diabetes, selection bias was unlikely.
However, the inclusion of type 2 diabetic
subjects in the Rochester Study may have
influenced results. Nevertheless, we agree
that a continuous neuropathy outcome
measure may be preferable and that this
difference also may have contributed to
the differences reported. Consequently, a
comparison of A1 months and GEi would
be more informative if performed for the
outcome common to both studies (Diabe-
tes Control and Complications Trial pro-
tocol neuropathy).

Finally, one motivation behind devel-
oping the A1 month measure was to ad-
dress whether a glycemic threshold exists
above which complications develop.
Were the authors able to examine this is-
sue using GEi? While unable to determine
a clear threshold, we found that �1,000
A1 months were experienced before the
advent of advanced complications. This
translates to 42 years of A1C 2% above
normal or 18 years at 5% above normal,
which reflects another motivation for our
chronic glycemic exposure variable—a
clinically useful concept of risk.
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Modeling Chronic
Glycemic Exposure
Variables as
Correlates and
Predictors of
Microvascular
Complications of
Diabetes

Response to Orchard et al.

W e are pleased to respond to the
letter by Orchard et al. (1), espe-
cially since they first raised the

following question: Do composite mea-
sures of chronic glycemia correlate or pre-
dict complications better than individual
components? Orchard et al. reported ev-
idence against the hypothesis, while we
(2) reported evidence for the hypothesis.
Having considered their suggestions, we
offer an explanation for why their conclu-
sions differed from ours.

Orchard et al. (3) compared the fit
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