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Objective: Atypical antipsychotics are increas-
ingly replacing conventional neuroleptic agents,
but induction of impaired glucose tolerance and
development of type 2 diabetes are of concern as
side effects. Risperidone has been suggested to
be superior to olanzapine for glucose tolerance
in whites, but thereis little information on these
drugs in Asian populations, even though Asians
have a higher risk of type 2 diabetes compared
to whites.

Method: A 75-g oral glucose tolerance test
(OGTT) was performed in 100 age-matched, sex-
matched, and body mass index (BMI)-matched
Japanese inpatients with schizophrenia (DSM-IV
criteria) who did not suffer from diabetes and had
taken risperidone (N = 50) or olanzapine (N = 50)
for at least 3 months. Subjects were from 1 uni-
versity hospital and 3 mental hospitalsin Japan;
data were collected from April 2005 to March
2006. The same test was performed in 50 age-
matched, sex-matched, and BMI-matched healthy
Japanese subjects. Plasma glucose and serum
insulin concentrations were measured just before
loading (0 minutes) and 30, 60, and 120 minutes
after oral glucose loading, and sorbitol levels
in red blood cells were assayed at 0 and 120
minutes.

Results: The fasting glucose level and insulin
concentration did not differ among the risperi-
done, olanzapine, and control groups, but the
areas under the concentration time curves for
plasma glucose and serum insulin concentrations
from 0 to 120 minutes in patients receiving ris-
peridone or olanzapine were significantly higher
(p < .05) than those for healthy controls. How-
ever, neither the insulinogenic index nor homeo-
stasis model assessment of insulin resistance dif-
fered among the 3 groups. Sorbitol in red blood
cellswas significantly higher (p < .05) in both
patient groups compared to the control group.

Conclusion: Olanzapine and risperidone may
impair glucose tolerance due in part to increased
insulin resistance. However, neither drug influ-
enced insulin secretion in Japanese patients, and,
therefore, these findings do not necessarily imply
that atypical antipsychotics are directly associated
with arisk of impairment of glucose tolerance.
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L ife expectancy in patients with schizophreniais ap-
proximately 20% shorter than that of the general
population due to higher rates of suicide, accidental death,
infectious disease, and endocrine disorders.*? A further
contributory factor in adverse health outcomes is the side
effect profile of antipsychotic drugs,®** and problems of
obesity,>® hyperlipidemia,”® and diabetes mellitus"**°
have been reported in patients with schizophrenia exposed
to certain atypical antipsychotics.*”*" On the basis of
U.S. Food and Drug Administration surveillance data,
Koller et al.’®* showed that both olanzapine and risperi-
done have arisk for newly diagnosed hyperglycemia and
new-onset diabetes. Such cases that were attributable to
olanzapine or clozapine were more humerous than those
associated with risperidone,®* but more risperidone-
associated cases of hyperglycemic diabetes were found
compared with haloperidol, a conventional neuroleptic
drug.®

In direct systematic comparisons of patients treated
with major atypical antipsychotics, olanzapine and clo-
zapine have been shown to influence insulin resistance to
a significantly greater extent than risperidone or in com-
parison with healthy controls.?? In addition, Lieberman
et al.* compared atypical antipsychotic agent, perphena-
zine, with severa atypical antipsychotics (olanzapine,
quetiapine, risperidone, and ziprasidone) in the Clinical
Antipsychotic Trials of Intervention Effectiveness study
and showed that patients receiving olanzapine gained
more weight and had increased glucose levels and higher
lipid metabolism compared to those receiving other drugs.
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The pathophysiology underlying unbalanced glucose
metabolism in Japanese type 2 diabetic patients is im-
paired insulin secretion due to abnormal pancreatic beta
cell function and insulin resistance, which is mediated
mainly by obesity. Some type 2 diabetic patients become
obese if insulin secretion is compensated in parallel with
increased insulin demand, whereas others exhaust their
insulin secretory capacity prior to becoming obese.
Japanese patients with type 2 diabetes have a genetically
based low insulin secretory capacity, which limits
their ability to compensate for insulin resistance. There-
fore, many nonobese subjects are included among Jap-
anese type 2 diabetic patients. This feature is quite dif-
ferent from the clinical picture of northern European
and American diabetic patients with severe obesity,
whose main pathophysiology is the deterioration of insu-
lin sensitivity. 2

In Japan, it had been reported until 2002 that 2 and
1 patients who were treated with olanzapine and quetia-
pine, respectively, died of diabetic ketoacidosis and 7 and
12 patients treated with olanzapine and quetiapine, re-
spectively, suffered from hyperglycemia, diabetic keto-
acidosis, and diabetic coma; the cause-and-effect rela-
tionship with these medications can scarcely be denied
(Pharmaceutical and Medical Devices Agency, Tokyo,
Japan;www.info.pmda.go.jp/kinkyu_anzen/file/
kinkyu20020416.pdf and www.mhlw.go.jp/houdou/2002/
11/h1107-1.html). Based on these reports, olanzapine and
quetiapine have been contraindicated in the presence of
diabetes in schizophrenia patients in Japan since 1992 un-
der strong recommendation of the Japanese government.

There is little information on the association between
atypical antipsychotics and glucose tolerance in Asian
populations. Therefore, glucose tolerance in 100 Japanese
patients with schizophreniawho did not have diabetes and
were taking risperidone or olanzapine was compared with
that in 50 matched Japanese healthy subjects.

METHOD

Study Population

One hundred thirty inpatients matched in age, sex,
and body mass index (BMI), each of whom received ris-
peridone (N = 65) or olanzapine (N = 65), were recruited
for this study (April 2005 to March 2006). Before initia-
tion of the study, the subjects were screened using clinical
laboratory tests. Ten patients who had diabetes mellitus
(risperidone, N = 7), thyroid disease (olanzapine, N =1
and risperidone, N = 1), or endocrine metabolic disease
(olanzapine, N = 1) were excluded from the study. Five
patients being treated with drugs known to affect glucose
tolerance, including steroids (olanzapine, N =1 and ris-
peridone, N = 1), B-blockers (olanzapine, N = 1), thiazide
diuretics (olanzapine, N =1), or diuretic thyroid hor-
mones (N =1), were aso excluded. Five patients
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Table 1. Characteristics of Schizophrenia Patients Treated
With Risperidone or Olanzapine and Healthy Control
Subjects Matched for Age, Sex, and BMI*

Control Risperidone Olanzapine
Characteristic (N =50) (N =50) (N =50)
Age, mean+ SD, y 46.0+11.2 469+148 47.0%130
Duration of illness, NA 216+£86 23.2+10.6
mean+ SD, y
Sex, male/female, N 23/27 27/23 25/25

Height, mean + SD, cm 161.3+9.9 160.1+10.0 159.4+ 8.8

Body weight, mean + SD, kg 63.6+13.0 63.2+115 634+13.1

BMI, mean £ SD, kg/m? 246+6.2 247+41 254%525
Dose, mean + SD, mg/d® NA 51+21 143+6.0
Length of treatment, NA 126+182 82+143

mean + SD, mo

8All comparisons were not significant.

PCompared chlorpromazine-equivalent doses between risperidone
and olanzapine.

Abbreviations: BMI = body mass index, NA = not applicable.

receiving olanzapine (N = 3) or risperidone (N = 2) de-
clined to be enrolled in this study.

At enrollment, patients diagnosed with schizophrenia
according to DSM-IV criteria were included in the study
only if they had ahistory of normal glucose metabolism, a
normal physical examination, and a fasting glucose level
below 110 mg/dL. As aresult, 15 matched pairs (N = 30)
were excluded from this study, and final subjects were
100 inpatients in 1 university hospital and 3 mental hos-
pitals. The patients were treated with either risperidone
(N =50) or olanzapine (N = 50) for more than 3 months.
The mean+ SD length of medication treatment was
12.6 + 18.2 months for risperidone and 8.2 + 14.3 months
for olanzapine. Several prior medications including halo-
peridol, chlorpromazine, levomepromazine, zotepine, and
quetiapine were administered to almost all patients before
risperidone or olanzapine treatment.

After enrollment of 100 patients, 50 of 62 healthy sub-
jects, whose age, sex, and obesity (BMI) were matched
with 50 pairs of the patients, were recruited as controls
(Table 1). Twelve healthy subjects were excluded from
the study based on unmatched characteristics (N = 8) and
fasting glucose levels > 110 mg/dL (N = 4).

The study was approved by the ethics committee
of Hirosaki University, Graduate School of Medicine,
Hirosaki, Japan, and written informed consent to partici-
pate in the study was obtained from the patients and their
families.

Intervention

A 75-g oral glucose tolerance test (OGTT) was con-
ducted in all subjects. Blood samples were taken 4 times
(just before loading [0 minutes] and 30, 60, and 120 min-
utes after loading with 75 g of glucose). Plasma glucose
and serum insulin levelsat 0, 30, 60, and 120 minutes and
sorbitol levels in red blood cells at 0 and 120 minutes
were determined. The homeostasis model assessment of
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Figure 1. Plasma Glucose Concentration and Serum Insulin
Concentration Time Curves From 0 to 120 Minutes After
Oral Glucose Loading in Schizophrenia Patients Treated
With Risperidone and Olanzapine and in Healthy Control
Subjects Matched for Age, Sex, and BMI
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*p < .05 compared with healthy controls.

**p < .01 compared with healthy controls.
Abbreviation: BMI = body mass index.

insulin resistance (HOMA-IR), which is used to estimate
insulin sensitivity (insulin resistance),**** was computed
using the formula [(fasting plasma glucose concentration,
mg/dL) x (fasting serum insulin concentration, pU/L)]/
405. Low HOMA-IR values indicate high insulin sensitiv-
ity, and high HOMA-IR values indicate low insulin sensi-
tivity. The insulinogenic index, which is used to estimate
insulin secretion,® was calculated from the differences
ininsulin and glucose concentrations 30 minutes after ini-
tiation of the OGTT compared to the respective basal lev-
els using the formula (insulin 30 minutes—insulin O min-
utes)/(glucose 30 minutes — glucose 0 minutes).

Statistical Analysis

Differences between chlorpromazine-equivalent dos-
es,® duration of illness, and length of medication use
during olanzapine and risperidone administration were
analyzed using the student t test. Among risperidone olan-
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zapine, and control groups, body weight, fasting plasma
glucose levels, fasting serum insulin levels, sorbitol levels
in red blood cells, HOMA-IR, insulinogenic index, sigma
glucose levelsin the OGTT, and sigmainsulin levelsin the
OGTT were compared using 1-way analysis of variance
(ANOVA). Post hoc analyses were performed using the
Scheffe method. To determine the significance of changes
in plasma glucose and serum insulin levels over time,
comparisons among patients receiving olanzapine, those
receiving risperidone, and healthy subjects were per-
formed using 2-way ANOVA. All calculations were per-
formed using SPSS 15.0J (SPSS Japan, Tokyo, Japan).

RESULTS

The clinical characteristics of the patients with schizo-
phrenia treated with risperidone or olanzapine and the
healthy control subjects are shown in Table 1. There were
no significant differences in age, gender, height, weight,
or BMI among patients treated with risperidone, those
treated with olanzapine, and control subjects. Therefore,
these 3 groups were regarded as comparable. The mean +
SD doses of risperidone and olanzapinewere 5.1 + 2.1 and
14.3 + 6.0 mg/day, respectively. For conversion to chlor-
promazine-equivalent doses, doses of 2 mg/day for risper-
idone and 5 mg/day for olanzapine were considered
equivalent to chlorpromazine at 100 mg/day.* Therefore,
the mean+ SD chlorpromazine-equivalent doses were
255+ 105 mg/day for risperidone and 286+ 120 for
olanzapine, indicating no significant difference in the
chlorpromazine-equivalent dosage between risperidone
and olanzapine.

Plasma concentration time curves for serum glucose
and insulin are shown in Figure 1. The plasma glucose
concentrations in patients treated with risperidone or olan-
zapine were significantly higher than in control subjects at
60 and 120 minutes after glucose loading. Serum insulin
concentrations in patients treated with risperidone at 120
minutes and olanzapine at 60 and 120 minutes after glu-
cose loading were significantly higher than the respective
values in control subjects. There was a significant differ-
ence between the time course of plasma glucose levelsin
the OGTT between controls and patients receiving risperi-
done or olanzapine (p <.05), and insulin secretion also
differed significantly among the 3 groups (p < .05).

The OGTT results are summarized in Table 2.
Fasting glucose levels, fasting insulin concentrations, and
HOMA-IR did not differ among the 3 groups. However,
sigma insulin levels and areas under the concentration
time curves from 0-120 minutes (AUC, o) for insulin in
patients treated with olanzapine were significantly greater
than in control subjects. Patients treated with risperidone
also showed this tendency, but the data were not signifi-
cantly different than that of controls. Patients treated with
either drug had significantly higher sigma glucose levels
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Table 2. Oral Glucose Tolerance Test Parameters in Schizophrenia Patients Treated With Risperidone or Olanzapine

and in Healthy Control Subjects®

Control Risperidone Olanzapine

Parameter (N = 50) (N = 50) (N = 50) p

Fasting glucose level, mg/dL 96.0+ 8.8 94.4+10.3 92.1+8.9 134
Fasting insulin level, puU/L 72+32 6.7+4.2 85+54 102
Insulinogenic index 14+14 11+13 1.2+08 432
HOMA-IR 1.7+08 16+10 20+13 .148
Sigma glucose level (0-120 min), mg/dL 4852+ 78.9 538.4 + 104.9° 529.1 + 99.9° .019
Sigmainsulin level (0-120 min), pU/L 166.5+ 74.5 214.4 + 108.7 245.9 + 143.2° .004
AUC glucose level (0-120 min), mg/dL 15071.4 + 2820.6 16373.2 + 3231.9 16799.8 + 3579.0° .031
AUC insulin level (0-120 min), pU/L 5772.4+2742.3 7471.4 + 3789.5 8554.2 + 4932.7° .004
Sorbitol level (0 min), nmol/g 28.1+55 33.7+95° 33.7 £ 11.6° .010
Sorbitol level (0-120 min), nmol/g 31.4+43 37.4+11.8° 385+ 13.7° .006

2All values are mean + SD.
Pp < .05 compared with control subjects.
°p < .01 compared with control subjects.

Abbreviations: AUC = area under the concentration time curve, HOMA-IR = homeostasis model assessment of insulin resistance.

than control subjects, but only the olanzapine group had a
significantly greater AUC, ,,, for glucose compared to
controls. Theinsulinogenic index did not differ among the
3 groups, and no parameters differed significantly be-
tween patients treated with risperidone and olanzapine.

Sorbitol levelsat 0 and 120 minutes after glucose load-
ing were significantly higher in both patient groups com-
pared to controls, but there was no differencein the sorbi-
tol level between patients receiving risperidone and those
taking olanzapine.

DISCUSSION

Numerous studies have suggested that antipsychotics
induce weight gain,>® although it is possible that weight
gain results from secondary behavioral changes such as
increased sedation associated with medication. Regard-
less of the causality, obesity is a significant public health
concern and is a well-documented risk factor for type 2
diabetes and atherosclerosis.

A risk of diabeteswith antipsychotics has aso been re-
ported in the absence of significant weight gain,** and,
therefore, we performed a detailed investigation of the ef-
fects associated with atypical antipsychotics. The main
finding in the current study was that insulin levels in
olanzapine treatment are greater than those with risperi-
done treatment or in control subjects, although HOMA-IR
did not differ among schizophrenia patients treated with
risperidone or olanzapine and controls. These findings
suggest that olanzapine impairs glucose tolerance due
to an increase in insulin resistance, which is largely
consistent with the findings of Newcomer et al.*# and
Henderson et a.?

In impaired fasting glucose (IGF), HOMA-IR in-
creases but hyperglycemic clamp—determined insulin sen-
sitivity does not decrease, leading to the postulate that in
| GF (defined as a fasting plasma glucose concentration of
100-125 mg/dL), there may be selective or preferential

98 PSYCHIATRIST.COM

hepatorenal insulin resistance. Conversely, in impaired
glucose tolerance (defined as a 2-hour OGTT plasma
glucose concentration of 140-199 mg/dL), hyperglyce-
mic clamp—determined insulin sensitivity is reduced but
HOMA-IR does not increase, suggesting that there may be
preferential insulin resistance in muscle.®* These find-
ings indicate that HOMA-IR largely reflects resistance to
insulin suppression of glucose production by the liver and
kidneys, whereas hyperglycemic clamp—determined insu-
lin sengsitivity largely reflects the sensitivity of muscle
glucose uptake to stimulation by insulin.

Thus, we analyzed the sensitivity of muscle glucose
uptake to stimulation by insulin using measurement of
sigma glucose and sigma insulin concentrations and
AUC, 5, for glucose and insulin. Our results suggest that
olanzapine may induce abnormalities in the sensitivity of
muscle glucose uptake to stimulation by insulin but that
neither risperidone nor olanzapine induce resistance to in-
sulin suppression of glucose production by the liver and
kidneys.

No OGTT parameters differed between patients treated
with risperidone and olanzapine, although some signifi-
cant differences were found between the patient groups
and healthy subjects. These findings suggest that the risk
of impaired glucose tolerance with risperidone and olan-
zapineis unlikely to differ.

However, comparative studies® suggest that risperi-
done may have been administered preferentially because
itisregarded as safer for patients with risk factors for dia-
betes (for example, obesity, family history of diabetes,
physical inactivity) even in the absence of differences in
BMI and patient background among groups. Therefore,
the possibility of a difference between the 2 drugs cannot
be entirely excluded, and a direct analysis of which drug
has greater risk for impaired glucose tolerance, hypergly-
cemia, and new-onset diabetes will require investigation
of metabolic changes in the same patient before and after
switching from 1 drug to another.
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There were no differences in insulinogenic index
among the 3 groups in the current study, suggesting that
neither risperidone nor olanzapine have an inhibitory ef-
fect on insulin secretion. These findings arein accordance
with previous clinical studies.®**° However, several ani-
mal studies suggest that insulin secretion is inhibited by
atypical antipsychotics,** but this discrepancy may be
explained by high experimental dosesin animal or in vitro
studies compared with the low dose in clinical settings.

Several cases of patients suffering from new-onset dia-
betic ketoacidosis during treatments with atypical anti-
psychotics were reported in Japan.”**® These cases may
be explained by the fact that Asians are more likely
to develop diabetes than non-Hispanic whites probably
because of different skeletal frame and body composi-
tion*"*8 and impaired beta cell function in Asians com-
pared with other groups.* Fregquent monitoring of hemo-
globin A,. is recommended in schizophrenia patients
receiving atypical antipsychotics because observed el-
evated hemoglobin A, levels suggest that patients had
undiagnosed diabetes mellitus for at least several weeks
before the diabetic ketoacidosis episode.®

There were aso no differences in fasting glucose
and insulin concentrations among the groups, but glucose
and insulin concentrations at 2 hours after the start of
the OGTT were significantly higher in patients than in
healthy subjects. This finding implies that the postpran-
dial glucose or insulin concentration is a more sensitive
parameter to determine the risk of insulin resistance com-
pared to fasting glucose or insulin levels and hence
HOMA-IR. However, it is evident that antipsychotics
induce weight gain in close association with metabolic
changes such as hyperlipidemia and hypertension, in
addition to changes associated with diabetes mellitus.
Therefore, general food loading containing some fat,
rather than glucose loading, may be a more accurate ap-
proach to assess the metabolic tolerance of the whole
body.>>*

Peripheral neuropathy is a major complication of dia-
betes with a prevalence rate > 50%,** and the polyol
pathway has been suggested as an intrinsic element in de-
velopment of peripheral neuropathy.® In response to el-
evated blood glucose, the enzymatic activity of aldose re-
ductase is increased, leading to increased conversion of
glucose to sorbitol, which is one of the alcohol sugars.
This increased conversion results in accumulation of sor-
bitol in erythrocytes and nerves, and several studies in
diabetic model animals have shown that an increased sor-
bitol level is associated with nerve damage.”® Abnormal
activity of the polyol pathway has also been associated
with multiple pathophysiologic changes in periphera
nerves,>”*® and inhibition of aldose reductase has been
related to improvement of peripheral neuropathy.

In the current study, the sorbitol concentrations in
patients treated with risperidone and olanzapine were
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significantly higher than in control subjects. We do not
have a clear explanation for the significant difference in
the sorbitol concentration in red blood cells, but it is pos-
sible that these drugs have effects on the polyol pathway,
although the pathophysiology remains unclear. We did not
evaluate diabetic peripheral sensorimotor polyneuropathy
in patients or healthy controls, but our results suggest that
long-term administration of atypical antipsychotics may
be associated with peripheral neuropathy.

Thelimitation of this study should be noted. The proto-
col of this study was not randomized. Although age and
BMI were intentionally matched, gender and duration of
illness or severity of illness were not controlled. There-
fore, existing selection bias that prescribers involuntarily
avoided administration of olanzapine to those patients at
high risk of diabetes (e.g., family history or adiposity)
cannot be excluded entirely.

In conclusion, the study suggests that atypical antipsy-
chotics might impair glucose tolerance due to an increase
in insulin resistance. However, these findings do not nec-
essarily imply that atypical antipsychotics are directly as-
sociated with a risk of impairment of glucose tolerance,
and further studies are required to investigate the direct
influence of atypical antipsychotics on development of
type 2 diabetes.

Drug names: chlorpromazine (Sonazine, Thorazine, and others),
clozapine (Clozaril, FazaClo, and others), haloperidol (Haldol and others),
olanzapine (Zyprexa), quetiapine (Seroquel), risperidone (Risperdal),
Ziprasidone (Geodon).

REFERENCES

1. Harris EC, Barraclough B. Excess mortality of mental disorder. Br J
Psychiatry 1998 Jul;173:11-53
2. Joukamaa M, HeliovaaraM, Knekt P, et a. Schizophrenia, neuroleptic
medication and mortality. Br J Psychiatry 2006;188:122-127
3. Newcomer JW. Abnormalities of glucose metabolism associated with
atypical antipsychotic drugs. J Clin Psychiatry 2004;65(suppl 18):36-46
4. Lean M MEJ, Pgjonk FG. Patients on atypical antipsychotic drugs
another high-risk group for type 2 diabetes. Diabetes Care 2003;26:
1597-1605
5. Baptista T. Body weight gain induced by antipsychotic drugs:
mechanisms and management. Acta Psychiatr Scand 1999;100:3-16
6. Allison DB, Mentore JL, Heo M, et a. Antipsychotic-induced weight
gain: a comprehensive research synthesis. Am J Psychiatry 1999;156:
1686-1696
7. Henderson DC, Cagliero E, Gray C, et a. Clozapine, diabetes mellitus,
weight gain, and lipid abnormalities: afive-year naturdistic study. AmJ
Psychiatry 2000;157:975-981
8. Wirshing DA, Boyd JA, Meng LR, et . The effects of novel antipsy-
chotics on glucose and lipid levels. J Clin Psychiatry 2002 Oct;63(10):
856-865
9. Kabhinoff GS, Toalson PA, Hedley KM, et a. Metabolic issues with
atypical antipsychoticsin primary care: dispelling the myths. Prim Care
Companion J Clin Psychiatry 2003 Feb;5(1):6-14
10. Sernyak MJ, Ledie DL, Alarcon RD, et a. Association of diabetes
mellitus with use of atypical neurolepticsin the treatment of
schizophrenia. Am J Psychiatry 2002;159:561-566
11. Gianfrancesco FD, Grogg AL, Mahmoud RA, et d. Differential effects
of risperidone, olanzapine, clozapine, and conventiona antipsychotics
on type 2 diabetes: findings from alarge health plan database. J Clin
Psychiatry 2002 Oct;63(10):920-930
12. Caro JJ, Ward A, Levinton C, et d. Therisk of diabetes during

PSY CHIATRIST.COM 99



Yasui-Furukori et al.

13.

14.

15.

16.

17.

18.

19.
20.

21

22.

23.

24.

25.

26.
27.

28.

29.

30.

3L

32.

33.

35.

100

olanzapine use compared with risperidone use: a retrospective database
analysis. J Clin Psychiatry 2002 Dec;63(12):1135-1139

AtmacaM, Kuloglu M, Tezcan E, et a. Serum leptin and triglyceride
levelsin patients on treatment with atypical antipsychotics. JClin
Psychiatry 2003 May;64(5):598-604

Koro CE, Fedder DO, L' Italien GJ, et a. Assessment of independent
effect of olanzapine and risperidone on risk of diabetes among patients
with schizophrenia: population based nested case-control study. BMJ
2002 Aug;325(7358):243

Vieweg WVR, Sood AB, Pandurangi A, et al. Newer antipsychotic drugs
and obesity in children and adolescents: how should we assess drug-
associated weight gain? Acta Psychiatr Scand 2005;111:177-184
Lindenmayer JP, Czobor P, Volavka J, et a. Changesin glucose and
cholesteral levelsin patients with schizophrenia treated with typical

or atypical antipsychotics. Am J Psychiatry 2003;160:290-296
CitromeL, JaffeA, Levine J, et a. Relationship between antipsychotic
medication treatment and new cases of diabetes among psychiatric
inpatients. Psychiatr Serv 2004;55:1006-1013

Koaller EA, Cross JT, Doraiswamy PM, et a. Risperidone-associated
diabetes mellitus: a pharmacovigilance study. Pharmacotherapy 2003;
23(6):735-744

Koller EA, Doraiswamy PM. Olanzapine-associated diabetes mellitus.
Pharmacotherapy 2002;22(7):841-852

Scheen AJ, De Hert MA. Abnormal glucose metabolism in patients
treated with antipsychotics. Diabetes Metab 2007;33:169-175
Newcomer JW. Second-generation (atypical) antipsychotics and
metabolic effects: acomprehensive literature review. CNS Drugs
2005;19(suppl 1):1-93

Newcomer JW, Haupt DW, Fucetola R, et a. Abnormality in glucose
regulation during antipsychotic treatment of schizophrenia. Arch Gen
Psychiatry 2002;59:337-345

Henderson DC, Cagliero E, Copeland PM, et a. Glucose metabolismin
patients with schizophreniatreated with atypical antipsychotic agents: a
frequently sampled intravenous glucose tolerance test and minimal
model analysis. Arch Gen Psychiatry 2005;62:19-28

Lieberman JA, Stroup TS, McEvoy JP, et a. Effectiveness of antipsy-
chotic drugsin patients with chronic schizophrenia. N Engl JMed
2005;353:1209-1223

The DECODA Study Group. Age- and sex-specific prevalence of diabe-
tesand impaired glucose regulation in 11 Asian cohorts. Diabetes Care
2003;26:1770-1780

Mizoue T, Yamgji T, Tabata S, et a. Dietary patterns and glucose
tolerance abnormalities in Japanese men. J Nutr 2006;136:1352-1358
McNeely MJ, Boyko EJ. Type 2 diabetes prevalence in Asian Americans:
results of anational health survey. Diabetes Care 2004;27:66-69
Petersen KF, Dufour S, Feng J, et a. Increased prevalence of insulin
resistance and nonalcoholic fatty liver disease in Asian-Indian men.
Proc Natl Acad Sci U SA 2006 Nov;103(48):18273-18277

Tripathy D, Tuomi T, Almgren P. Contribution of insulin-stimulated
glucose uptake and basal hepatic insulin sensitivity to surrogate
measures of insulin sengitivity. Diabetes Care 2004;27:2204-2210
Bonora E, Formentini G, CalcaterraF, et . HOMA-estimated insulin
resistance is an independent predictor of cardiovascular disease in type 2
diabetic subjects: prospective data from the Verona Diabetes Complica-
tions Study. Diabetes Care 2002 Jul;25(7):1135-1141

Bock G, DalaMC, Campioni M, et al. Pathogenesis of pre-diabetes:
mechanisms of fasting and postprandia hyperglycemiain people with
impaired fasting glucose and/or impaired glucose tolerance. Diabetes
2006 Dec;55(12):3536-3549

Meyer C, Pimenta W, Woerle HJ, et al. Different mechanisms for im-
paired fasting glucose and impaired postprandia glucose tolerance in
humans. Diabetes Care 2006 Aug;29(8):1909-1914

Abdul-Ghani MA, Tripathy D, DeFronzo RA. Contributions of beta-cell
dysfunction and insulin resistance to the pathogenesis of impaired
glucose tolerance and impaired fasting glucose. Diabetes Care 2006
May;29(5):1130-1139

. Woods SW. Chlorpromazine equivalent doses for the newer atypical

antipsychotics. J Clin Psychiatry 2003 Jun;64(6):663-667

American Diabetes Association. Consensus Development Conference
on Antipsychotic Drugs and Obesity and Diabetes. Diabetes Care
2004,27:596-601

PSYCHIATRIST.COM

36.

37.

39.

41.

42.

46.

47.

51

52.

56.

57.

Kane JM, Barrett EJ, Casey DE, et a. Metabolic effects of treatment with
atypica antipsychotics. J Clin Psychiatry 2004 Nov;65(11):1447-1455
Lieberman JA, Stroup TS, McEvoy JP, et d. Effectiveness of antipsy-
chotic drugs in patients with chronic schizophrenia. N Engl JMed
2005;353:1209-1223

. Bergman RN, Ader M. Atypica antipsychotics and glucose homeostasis.

J Clin Psychiatry 2005 Apr;66(4):504-514

Sowell M, Mukhopadhyay N, Cavazzoni P, et a. Evaluation of insulin
sengitivity in healthy volunteers treated with olanzapine, risperidone
or placebo: a prospective, randomized study using the two-step
hyperinsulinemic, euglycemic clamp. J Clin Endocrinol Metab
2003;88:5875-5880

. Sowell MO, Mukhopadhyay N, Cavazzoni P, et a. Hyperglycemic clamp

assessment of insulin secretory responsesin normal subjects treated with
olanzapine, risperidone, or placebo. J Clin Endocrinol Metab 2002;87:
2918-2923

Ader M, Kim SP, Catalano KJ, et a. Metabolic dysregulation with
atypical antipsychotics occurs in the absence of underlying disease:

a placebo-controlled study of olanzapine and risperidone in dogs.
Diabetes 2005;54:862-871

Dwyer DS, Lu XH, Bradley RJ, et a. Cytotoxicity of conventiona and
atypical antipsychotic drugsin relation to glucose metabolism. Brain Res
2003;971:31-39

. Vestri HS, Maianu L, Moellering DR, et a. Atypical antipsychotic drugs

directly impair insulin action in adipocytes: effects on glucose transport,
lipogenesis, and antilipolysis. Neuropsychopharmacology 2007
Apr;32(4):765-772

. Johnson DE, Yamazaki H, Ward KM, et al. Inhibitory effects of antipsy-

chotics on carbachol-enhanced insulin secretion from perfused rat islets:
role of muscarinic antagonism in antipsychotic-induced diabetes and
hyperglycemia. Diabetes 2005;54:1552—-1558

. Hamanaka S, Kamijo Y. New-onset diabetic ketoacidosisinduced by the

addition of perospirone hydrochloride in a patient treated with risperi-
done. Intern Med 2007;46(4):199-200

Sato'Y, Yasui-Furukori N, MoriyamaT, et a. New-onset diabetic ketoaci-
dosisin a schizophrenic patient with multiple autoimmune disease during
treatment with risperidone. Prog Neuropsychopharmacol Biol Psychiatry
2008 Feb;32(2):577-578

Fujimoto WY, Bergstrom RW, Boyko EJ, et a. Susceptibility to
development of central adiposity among populations. Obes Res 1995
Sep;3(suppl 2):179S-186S

. Park YW, Allison DB, Heymsfield SB, et a. Larger amounts of visceral

adipose tissue in Asian Americans. Obes Res 2001 Jul;9(7):381-387

. ShinCS, Lee HK, Koh CS, et a. Risk factors for the devel opment of

NIDDM in Yonchon County, Korea. Diabetes Care 1997 Dec;20(12):
1842-1846

. Henderson DC, Cagliero E, Copeland PM, et d. Elevated hemoglobin

Alc asapossible indicator of diabetes mellitus and diabetic ketoacidosis
in schizophrenia patients receiving atypical antipsychotics. JClin
Psychiatry 2007 Apr;68(4):533-541

Lieberman JA I11. Metabolic changes associated with antipsychotic use.
Prim Care Companion J Clin Psychiatry 2004;6(suppl 2):8-13
Henderson DC. Schizophreniaand comorbid metabolic disorders.

J Clin Psychiatry 2005;66(suppl 6):11-20

. DeHert MA, Winkel BV, Eyck DV, et d. Prevalence of the metabolic

syndrome in patients with schizophrenia treated with antipsychotic medi-
cation. Schizophr Res 2006;83:87-93

. Zhang ZJ, Yao ZJ, Liu W, et al. Effects of antipsychotics on fat deposition

and changesin leptin and insulin levels: magnetic resonance imaging
study of previoudly, untreated people with schizophrenia. Br J Psychiatry
2004;184:58-62

. Expert Committee on the Diagnosis and Classification of Diabetes Melli-

tus. Report of the Expert Committee on the Diagnosis and Classification
of Diabetes Méllitus. Diabetes Care 2003 Jan; 26(suppl 1):S5-S20
Fedele D, Comi G, Coscelli C, et a. A multicenter study on the preva-
lence of diabetic neuropathy in Italy: Italian Diabetic Neuropathy
Committee. Diabetes Care 1997;20:836-843

Oates PJ. Polyol pathway and diabetic peripheral neuropathy.

Int Rev Neurobiol 2002;50:325-392

. Gabbay KH, O’ Sullivan JB. The sorbitol pathway: enzyme location and

content in normal and diabetic nerve and cord. Diabetes 1968;17:239-243

J Clin Psychiatry 70:1, January 2009



	Table of Contents

