
© COPYRIGHT 2009 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2009 PHYSICIANS POSTGRADUATE PRESS, INC.

Olanzapine and Risperidone and Glucose Metabolism

J Clin Psychiatry 70:11, November 2009 1501

Effects of Olanzapine and Risperidone  
on Glucose Metabolism and Insulin Sensitivity  

in Chronic Schizophrenic Patients With Long-Term 
Antipsychotic Treatment: A Randomized 5-Month Study

Robert C. Smith, MD, PhD; Jean-Pierre Lindenmayer, MD; John M. Davis, MD;  
Erin Kelly, BA; Thomas F. Viviano, BA; James Cornwell, BA; Qiaoyan Hu, MS;  

Anzalee Khan, MS, MA; and Sumathi Vaidhyanathaswamy, MD

Background: Comparisons of diabetic poten-
tial, glucose related metabolic levels, and insulin 
resistance between olanzapine and risperidone have 
produced variable results in cross-sectional and epi-
demiologic studies. Randomized prospective studies 
of metabolic effects during treatment with these 
drugs may provide results that are more informative.

Method: Hospitalized patients with chronic 
schizophrenia (DSM-IV), most of whom had been 
treated with multiple antipsychotics in the past, were 
randomly assigned to treatment with a single anti-
psychotic, olanzapine or risperidone, for a period  
of 5 months. At baseline and every treatment month 
thereafter, fasting glucose, insulin, insulin-related 
metabolic measures, and prolactin were assessed, 
and an oral glucose tolerance test (OGTT) was per-
formed during baseline and months 1, 2, and 5 of 
treatment. Weight was assessed monthly, and waist 
and hip measures were taken at baseline and month 
5. Data were analyzed on 23 patients randomly as-
signed to risperidone and 23 patients randomly  
assigned to olanzapine. The study was conducted 
from February 2003 to August 2007.

Results: Most patients were overweight or obese 
at baseline (mean body mass index [BMI] = 29.4), 
but there were no differential drug effects on weight 
change and no differences between drug groups 
at the 5-month time point. There were no overall 
drug treatment differences in fasting glucose or 
glycohemoglobin or 2-hour glucose levels in OGTT 
and no differences between the two drug groups at 
the 5-month time point. There were no consistent 
drug treatment differences in the number of patients 
who developed borderline or diabetic glucose levels. 
Olanzapine-treated patients showed a significantly 
greater increase than risperidone-treated patients  
in a fasting measure of insulin resistance (P = .041), 
and olanzapine patients showed greater decreases  
in insulin sensitivity during OGTT (P = .023)  
compared to risperidone-treated patients.  
Olanzapine-treated patients had a significantly 
greater increase in 1-hour glucose and insulin levels 
during OGTT in subsequent months compared to 
baseline and greater increase in glucose and insulin 
area under the curve over time than the risperdone-
treated patients. Prolactin levels decreased in 

olanzapine patients and increased in risperidone pa-
tients (P values ≈ .02). There were no significant drug 
treatment differences in C-peptide levels or 2 indices 
proposed as measures of insulin secretion or β-cell 
function (homeostasis model assessment of β-cell 
function [HOMA-B], BIGTT-acute insulin response 
surrogate measure [BIGTT-AIR]). Changes in insu-
lin resistance over time were not strongly related to 
changes in BMI or waist circumference during  
study drug treatment.

Conclusions: The increase in insulin levels dur-
ing olanzapine treatment may compensate for the 
increase in insulin resistance and serve to reduce 
fasting and postprandial glucose levels. This may 
contribute to the lack of differences between olan-
zapine and risperidone in indices of diabetic or 
prediabetic glucose levels or glycohemoglobin. How 
many years this compensatory mechanism will per-
sist needs further investigation. Periodic OGTT tests 
measuring glucose and insulin levels would be help-
ful in assessing the status of β-cell insulin reserve in 
patients treated with olanzapine and other second-
generation antipsychotics and assessing an individual 
patient’s risk for conversion to type 2 diabetes.
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D iabetes and impaired glucose tolerance are more 
prevalent in schizophrenics,1,2 and this increased 

prevalence may be due to both genetically linked charac-
teristics as well as to induction or exacerbation of this type 
of side effect by treatment of schizophrenia with antipsy-
chotic medication.3–5 There has been much debate about 
the extent to which specific antipsychotics contribute 
more to the increased risk of developing diabetes and hy-
perglycemia. Olanzapine and risperidone are widely used 
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second-generation antipsychotics. Although an increase 
in diabetes potential has been proposed as an important 
side effect for all second-generation antipsychotic drugs, 
especially for clozapine and olanzapine, the results of 
epidemiologic6–8 and cross-sectional studies have been 
variable. Some published cross-sectional metabolic stud-
ies have shown higher glucose or insulin levels and higher 
values for insulin resistance in clozapine- and olanzapine- 
treated schizophrenic patients compared to those treated 
with risperidone or first-generation antipsychotics,9,10 
whereas others have found no statistically significant differ-
ences between antipsychotic drug effects in glucose levels, 
glycohemoglobin, or insulin levels or insulin resistance.11–15 
Prospective randomized controlled trials comparing meta-
bolic effects of olanzapine and risperidone are the “gold 
standard” for providing accurate information on comparing 
these metabolic side effects and may provide more definitive 
information on which to base sound scientific evaluations 
and clinical recommendations. Only one such randomized 
controlled trial of metabolic effects of olanzapine and ris-
peridone has been recently published,16 which showed no 
overall differences between patients treated with olanzapine 
and risperidone for up to 6 months in glucose or insulin 
levels or insulin sensitivity indices (see Discussion sec-
tion for details). Patients with chronic schizophrenia, even 
those previously treated with several antipsychotics, often 
remain on the same medication for relatively short times17 
and are frequently switched to another antipsychotic, as 
recent studies illustrate.9 Some recent studies suggest that 
olanzapine may be somewhat more efficacious than other 
antipsychotics in chronic schizophrenic outpatients and in 
treatment resistant schizophrenics.18–21 This makes it clini-
cally relevant to examine the metabolic effects of olanzapine 
and risperidone, in patients treated with antipsychotics for 
many years, in a randomized control trial. The current study 
reports glucose- and insulin-related metabolic effects, and 
indices of insulin sensitivity and resistance and β-pancreatic 
cell function, in a randomized controlled trial of olanzapine 
versus risperidone in longer term hospitalized patients with 
chronic schizophrenia.

METHOD

Subjects
Patients eligible for the study were men or women, 18 

to 65 years of age, residing in one of the inpatient units 
of a tertiary care psychiatric hospital, who had a diagno-
sis of DSM-IV schizophrenia or schizoaffective psychosis. 
Their doctors did not object to the patient potentially being 
switched to another antipsychotic (olanzapine or risperi-
done), since it was possible that the patient had not obtained 
the complete remission of all symptoms or the most optimal 
response with their current antipsychotic treatment. Patients 
currently treated with clozapine were excluded from the 
study, except if they had to be discontinued from clozapine 

for medical reasons or intolerable side effects. Patients cur-
rently treated with antidiabetic drugs were excluded from 
the study because treatment with these drugs may mask the 
glucose and insulin responses to antipsychotic medication. 
Patients were allowed to be on statin drugs if these were 
started more than 2 months prior to the start of the study 
and if the dosage had not been changed recently. Most of 
the patients were relatively stable in their psychopathology, 
either chronically psychotic with long established stable 
psychotic symptoms or partially improved with decreases in 
their psychotic symptoms and working though a long pro-
gram toward eventual discharge. All subjects signed written 
informed consent for the protocol approved by the Nathan 
Kline Institute Institutional Review Board.

Study Design
This was a 5-month open-label study of random as-

signment to treatment with olanzapine or risperidone in 
hospitalized patients with chronic schizophrenia. A few pa-
tients discharged in the middle of the study completed the 
study as outpatients. The study was conducted from Febru-
ary 2003 to August 2007.

Figure 1 presents a flow diagram of study screening and 
entry as well as reasons for rejection or termination from 
the study. Forty-nine patients were randomly assigned to 
olanzapine or risperidone. Twenty-three patients assigned 
to each drug were used in this analysis. Three patients (2 
olanzapine, 1 risperidone), who were randomly assigned 
and did not complete at least 2 months of study treatment, 
were not included in the analysis. Patients who were ran-
domly assigned to olanzapine and included in the analysis 
received a mean dose of 25.2 mg/d (SD = 10.1; range, 5–40 
mg/d). Patients who were randomly assigned to risperidone 
and included in the analysis received a mean dose of 6.1 
mg/d (SD = 1.8; range, 2–10 mg/d).

Procedures
Randomization and cross-tapering. After completing 

baseline assessments, patients were assigned to receive their 
study drug, olanzapine or risperidone, based on a stratified 
random assignment procedure. Doses of olanzapine (5–40 
mg/d) or risperidone (2–12 mg/d) could be adjusted for 
reasons of clinical response or side effects by the research 
psychiatrist. There was no antipsychotic drug washout pe-
riod. Lists of random sequence assignments for each drug in 
each stratification group (factors: type of prior antipsychotic 
treatment, length of treatment, baseline body mass index 
[BMI]), drawn up at the beginning of the experiment, uti-
lized a random number table for each stratification group. 
They were organized so there was equalization of assign-
ment to olanzapine or risperidone on that stratification page 
over groups of 4 consecutive subjects. If the patient’s anti-
psychotic drug treatment was changed for the study, subjects 
were cross-tapered onto the new antipsychotic and cross- 
tapered off the baseline antipsychotic(s) over a 1.5- to 4-week 
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period, with time for cross-tapering depending on dose and 
number of antipsychotics they were treated with at baseline. 
Because of the long cross-tapering for some subjects, we 
believed we needed at least 2 months of drug treatment to 
be able to attribute any changes in metabolic effects to the 
study drug. Therefore, subjects who withdrew consent or 
were discontinued from the study before 2 months were 
replaced and are not included in the final analysis. Patients 
were maintained on the accessory psychotropic and medical 
medications they were receiving at baseline except if emer-
gency medical conditions or severe side effects warranted 
immediate adjustments. All psychotropic medication orders 
were written by the research psychiatrist.

Metabolic assessments. Patients had fasting metabolic as-
sessments at baseline and during every month of treatment 
with the study drug. These assessments included serum glu-
cose, insulin, C-peptide, serum lipids and related measures, 

and prolactin, as well as additional chemical measures in 
selected months. This report will concentrate on the mea-
sures of glucose metabolism (glucose, insulin, C-peptide, 
glycohemoglobin) and prolactin. In addition to these fast-
ing glucose measurements, patients had an oral glucose 
tolerance test (OGTT), performed in the morning after 
a 9- to 12-hour fast, at baseline and during months 1, 2, 
and 5 of study drug treatment. After collection of baseline 
glucose and insulin, a 75 g glucose load was administered, 
and subjects’ blood samples were drawn at 1 and 2 hours 
postingestion for glucose and insulin determination.

Anthropomorphic assessments. Other assessments rel-
evant to the current report included weight, height, and 
waist and hip circumference. Weight was measured with 
clothes and shoes on. Waist circumstance was measured 
with a tape measure at the level of the naval. Hip circum-
ference was measured at the level of the iliac crest, usually 
where a pair of pants would sit on the waist.

Clinical assessments. Patients were administered the 
Positive and Negative Syndrome Scale (PANSS) monthly 
and other scales not directly relevant to the current re-
port. The PANSS ratings were performed by the same rater 
(R.C.S.) for the entire study.

Chemical assays. All chemical analyses were done at 
the regional clinical chemistry laboratory of Nathan Kline 
Institute or its contract laboratory (BioReference Labo-
ratories for insulin and C-peptide). Serum glucose was 
determined by enzymatic procedures using the Roche/
Hitachi Kits (Roche Diagnostics, Indianapolis, Indiana). 
Glycohemoglobin (HbA1c) was assayed by the turbidi-
metric inhibition immunoassay (TINIA) using Roche/
Hitachi Cobas kits. Serum insulin was assayed by 2-site 
chemiluminescence radioimmunoassay with the Immulite 
2000 kits (Siemens Medical Solutions, Los Angeles, Cali-
fornia), interassay coefficient of variation 4.2%–7.3%. The 
insulin assay has no cross-reactivity with C-peptide or glu-
cagon and 8% cross-reactivity with proinsulin. C-peptide 
was assayed by a 2-site sandwich immunoassay using di-
rect chemiluminescent technology with ADVIA Centaur 
kit (Siemens Healthcare Diagnostics Ltd, Tarrytown, New 
York); this assay has no appreciable cross-reactivity with 
insulin and proinsulin. Prolactin was assayed by Prolactin 
II Elecsys radioimmunoassay with Roche Cobas kits.

Statistical Analysis
Statistical analysis was performed with SPSS 12 (SPSS, 

Inc, Chicago, Illinois) and SAS 8.2 and 9.1 (SAS Institute 
Inc, Cary, North Carolina). Estimates of required sample 
size were computed using N-Query 3 (Statistical Solutions, 
Ltd, Cork, Ireland). The primary hypothesis was equiva-
lence of drug effects on serum glucose—ie, that there 
would not be a large difference in change in glucose val-
ues between olanzapine and risperidone groups (≤ 15 mg/
dL). Based on our own previous estimates of interpatient 
variance in glucose values, a sample size of 23 patients 

Figure 1. Subject Flow Through Study of Metabolic Effects of 
Olanzapine Versus Risperidonea

aSubjects who were randomly assigned but did not complete the 5 
months of study either withdrew consent (n = 2) or had an intercurrent 
illness unrelated to the drug treatment that led to their removal by 
administrative decision (n = 2). One patient was terminated before 
2 months because of abnormal glucose/lipid profile and excessive 
weight gain (assigned to olanzapine, completed less than 2 months). 
Randomization was organized so there was equalization of assignment 
to olanzapine or risperidone over each of several stratification factors 
over groups of 4 consecutive subjects. Stratification factors included: 
(a) antipsychotic drug at baseline—olanzapine, risperidone, or other 
antipsychotic; (b) if the patient was on either olanzapine or risperidone 
treatment at baseline, additional stratification by: (b1) treatment 
with olanzapine greater or less than 6 months prior to entry or (b2) 
treatment with risperidone (oral or depot) for greater or less than 6 
months prior to entry; (c) body mass index (BMI)—within each of the 
above group stratifications, subjects were further stratified by baseline 
BMI ≥ 28 versus baseline BMI < 28. Three patients deviated from 
their initial random assignment, for safety or clinical-administrative 
reasons.

Screened: N = 166

Qualified: n = 80 Not qualified: n = 86

Consented: n = 58 Refused: n = 22

Dropped: n = 9
(withdrew consent 

before randomization)

Randomly assigned
to olanzapine: n = 25

Randomly assigned
to risperidone: n =24

Completed all 5 months 
of assigned drug 
treatment: n = 22

Completed at least 2 
months of drug treatment: 
n = 1 (included in analysis)

Completed less than 2 
months of drug treatment: 

n = 1 (excluded from analysis)

Completed less than 2 
months of drug treatment: 

n =2 (excluded from analysis)

Completed at least 2 
months of drug treatment: 
n = 1 (included in analysis)

Completed all 5 months 
of assigned drug 
treatment: n = 22
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per group was determined sufficient to have 80% power to 
detect such differences. Secondary hypotheses related to dif-
ferences in glycohemoglobin, diabetic glucose levels, insulin 
levels, and insulin sensitivity indices. Variables were exam-
ined for normality. If histograms and Kolmogorov-Smirnov 
or Shapiro-Wilk statistics showed significant deviation 
from normality, a log transformation was performed. If 
the log-transformed values showed a substantially better 
approximation to a normal distribution, using the above cri-
teria, the main analysis of these variables was performed on 
the log-transformed values (insulin, C-peptide, homeostasis 
model assessment of insulin resistance [HOMA-IR], ho-
meostasis model assessment of β-cell function [HOMA-B], 
glucose tolerance test insulin sensitivity, BIGTT-acute insu-
lin response surrogate measure [BIGTT-AIR]). The primary 
analysis used to compare the metabolic effects of olanzapine 
versus risperidone over time was a mixed model repeated 
measures analysis of variance (ie, Covariance Pattern Model 
also called mixed model with time as categorical variable) 
with correlation pattern either unstructured or using other  
variance-covariance structures, when there was a conver-
gence problem, after examining the data correlations over 
time. The model also produces least mean squares esti-
mates of the value at each time point (ie, baseline to month 
5) and statistical significance tests between specific time 
points within or between the two drug treatments at dif-
ferent time points. Drug (olanzapine vs risperidone) and 
stay-switch (whether the randomized study drug was the 
same as the one patients were taking at baseline or whether 
they were switched to the study drug) were fixed factors, 
and baseline BMI was covariate. Body mass index was sig-
nificantly correlated with the metabolic measures except 
for serum prolactin. In diabetes research, several other 
measures are standardly used to assess glucose metabolism 
and pancreatic functioning. These include (1) measures of 
insulin sensitivity or resistance (ie, a measure related to the 
amount of insulin needed to effect a change in serum glu-
cose or glucose metabolism) and (2) measures reflecting the 
ability of the pancreas to produce or secrete insulin under 
baseline or challenge conditions. Measures and equations 
have been developed by various authors to assess these pa-
rameters from fasting glucose and insulin values (such as 
HOMA-IR [resistance] and HOMA-B [secretion]), as well 
as challenge indices from measures derived from an OGTT 
or an intravenous insulin-glucose frequently sampled glu-
cose tolerance test (FSIVGTT) developed by Bergman and 
associates.22,23 In the current study, measures of insulin re-
sistance and secretion were calculated using HOMA-IR and 
HOMA-B calculations from baseline and monthly fasting 
glucose and insulin values using the revised insulin sen-
sitivity and resistance estimates from the HOMA2 model 
and program.24 A measure of insulin sensitivity, based on 
the glucose tolerance tests, was calculated using procedures 
and equations developed by Matsuda and Defronzo.25 Sur-
rogate measures from the OGTT of insulin sensitivity 

(BIGTT-insulin sensitivity; BIGTT-SI) and acute insulin 
secretory response (BIGTT-AIR) were calculated using 
equations developed by Hansen and associates26 for the 0-, 
60-, and 120-minute OGTT time points; these authors pre-
sent data showing that these BIGTT measures are highly 
correlated with those assessed in the same patients using 
the FSIVGTT and Bergman’s minimal model.27 Bergman 
and associates have also proposed another measure, the 
disposition index (DI), which they believe more accurately 
reflects pancreatic insulin secretory functioning because it 
takes into account the degree of insulin resistance present 
in calculating the relative pancreatic insulin secretion.28 A 
surrogate measure of DI from OGTT was calculated as a 
product of BIGTT-AIR × BIGTT-SI . For those variables that 
produced a significant effect of drug × time, a completer sta-
tistical analysis was also conducted using those subjects who 
had complete values over time for the specific metabolic 
variable.

RESULTS

Subject Background Characteristics
Table 1 presents the baseline demographic, diagnostic, 

and metabolic characteristics, as well as psychopathology, 
drug treatment, and 3-year glucose history characteristics 
of the subjects assigned to olanzapine versus risperidone. 
There were no statistically significant differences between 
the two drug groups on any characteristic. Only 12 pa-
tients had a history of glucose ≥ 100 mg/dL in the past 3 
years, and only 2 had a prior chart diagnosis of diabetes. 
However, slightly more patients randomly assigned to olan-
zapine were previously treated with olanzapine at baseline 
and more patients randomly assigned to risperidone had 
been previously treated with risperidone at baseline, a re-
sult that may appear somewhat inconsistent with our design 
for random assignment. This imbalance is probably due to 
several factors. First, the multiple substratification groups 
in the random assignment procedure each had a separate 
randomization table. However, some of these groups wound 
up with only a few patients in the stratification group, and 
equalization of assignment between the two drugs, which 
would have occurred in a larger group, was not achieved in 
the small number of patients in the substratification group. 
Second, some of the treating clinicians were hesitant to give 
consent to the study if their patient was to be changed in 
primary medication. This may have led to some bias in the 
patient characteristics of those who eventually consented 
and entered the study. Third, 3 patients had to be assigned 
outside of strict random order for reasons described in the 
legend to Figure 1. Because of this potential bias in pre-
vious antipsychotic treatment in study drug assignment, 
we included the variable of switching versus remaining on 
the same antipsychotic in all analyses (stay vs switch) and 
performed further analysis on statistically significant inter-
action effects.
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Fasting Metabolic and Prolactin Values
Main differences between olanzapine and risperidone. 

Statistical analysis of fasting metabolic values showed that 
olanzapine-treated patients had a significantly (P < .05) 
higher increase in insulin resistance (HOMA-IR) over time 
than risperidone-treated patients, although estimated val-
ues at 5 months did not differ between the two drug groups. 
Risperidone-treated patients had a higher increase in se-
rum prolactin (P < .02) than olanzapine-treated patients, 
and risperidone patients’ prolactin values were signifi-
cantly (P < .01) higher than olanzapine at the 5-month time 
point.

Detailed findings. There were no differences in the ef-
fects of assignment to 5 months’ treatment with olanzapine 
versus risperidone on fasting glucose, glycohemoglobin, 
or C-peptide values (drug × time interaction, Table 2). 

Overall, there was no significant increase in fasting glucose 
over time in the combined total sample, and there were no 
significant differences between the two drugs in the mean 
values at the 5-month treatment time point. However, for 
the olanzapine-treated patients considered separately, the 
least mean squares difference of month 5 and baseline val-
ues (month 5 – baseline) showed a small but significant 
increase (P < .05). There were no significant differences 
in the number of patients who showed borderline (≥ 100 
mg/dL) or diabetic (≥ 126 mg/dL) fasting glucose values at 
any time point, except at 2 months, in which slightly more 
olanzapine patients had borderline fasting glucose. Only 1 
patient (assigned to olanzapine) developed a fasting glucose 
level classified as diabetic during the study period. The main 
analysis showed a trend (P = .06) for olanzapine patients 
to have increased insulin levels compared to risperidone 

Table 1. Comparison of Baseline Characteristics of Patients Randomly Assigned to Olanzapine or Risperidone
Measure Olanzapine (n = 23) Risperidone (n = 23) Statistical Comparison P
Age, mean ± SD, y 41.22 ± 7.27 42.52 ± 9.10 t = −0.537 .594
Sex, male/female, n 23/0 22/1 χ2 = 1.022 .312
Race, n χ2 = 1.091 .580

White 1 0
Black, non-Hispanic 17 17
Hispanic surname 5 6
Other 0 0

BMI, mean ± SD 29.96 ± 6.50 28.85 ± 5.71 t = 0.612 .544
DSM-IV diagnosis, n χ2 = 1.596 .660

Schizophrenia 17 15
Schizoaffective disorder 6 8

DSM-IV Axis III diagnosis, n 18 17 χ2 = 0.119 .730
PANSS total score, mean ± SD 64.04 ± 17.00 61.78 ± 13.71 t = 0.496 .622
No. of years hospitalized, mean ± SD 2.47 ± 3.04 3.16 ± 5.25 t = −0.545 .689
No. of years ill, mean ± SD 21.26 ± 11.42 23.17 ± 11.72 t = −0.561 .578
Antipsychotics at baseline, n χ2 = 2.661 .264

Olanzapine 13 8
Risperidone 6 11
Neither olanzapine or risperidone 4 4

No. of antipsychotics at baseline, n χ2 = 4.525 .104
1 8 14
2 10 8
3 5 1

Type of antipsychotics at baseline, n χ2 = 4.404 .111
Second generation 14 12
First generation 0 4
Combination first and second generation 9 7

History of diagnosis of diabetes, n 0 2 FET = 2.310 .221
Family history of diabetes, n 1 2 FET = 0.244 1.000
Concomitant treatment, n

Antidepressants 3 4 FET = 0.168 1.000
Antiparkinsonian 4 6 FET = 0.511 .722
Lithium 4 4 FET = 0.000 1.000
Valproate 11 9 χ2 = 0.354 .552
Statins 6 5 χ2 = 0.119 .730
Antihypertensive drugs 5 2 FET = 1.516 .414

Metabolic status
Glucose at baseline, mean ± SD, mg/dL 84.48 ± 12.54 86.09 ± 10.18 t = −0.478 .635
Glucose over last 3 y, mean ± SD 84.10 ± 10.24 84.82 ± 11.16 t = −0.218 .829
No. of patients with glucose ≥ 100 mg/dL in last 3 y, n 5 7 χ2 = 0.451 .502
Glycohemoglobin at baseline, mean ± SD 5.48 ± 0.42 5.37 ± 0.40 t = 0.898 .374
Insulin at baseline, mean ± SD, uIU/mL 10.46 ± 8.97 11.76 ± 12.21 t = −0.411 .683
Cholesterol at baseline, mean ± SD, mg/dL 174.48 ± 28.48 170.83 ± 49.98 t = 0.304 .762
Triglycerides at baseline, mean ± SD, mg/dL 140.43 ± 103.30 167.96 ± 104.40 t = −0.899 .374

Abbreviations: BMI = body mass index; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; FET=Fisher exact test; 
PANSS = Positive and Negative Syndrome Scale; t = 2-sample t test.
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patients. A completer repeated measures analysis of raw 
insulin levels (not corrected for BMI or other factors) also 
showed increased insulin levels with olanzapine during the 5 
months of treatment (P = .025), although comparison at any 
single time point only reached trend levels (P < .10) (Figure 
2). A measure of insulin resistance or lack of sensitivity to 
insulin’s effect on glucose, HOMA-IR, showed an overall 
drug effect, increasing in the olanzapine patients and de-
creasing in the risperidone patients (drug × time, P = .04; 
Table 2), but the estimated HOMA-IR means of the two drug 
groups showed no significant difference at the 5-month time 
point (ie, P > .05). HOMA-B, an index putatively related to 
pancreatic β-cell function and insulin secretion, showed 
no drug effect or overall change, although the olanzapine-
treated patients had a slight increase at month 3 (P = .04). 
Treatment with olanzapine decreased and treatment with 
risperidone increased serum prolactin (Table 2). Completer 
analysis using the same covariates and factors showed gen-
erally similar overall results to the mixed model analysis 
presented in Table 2.

There were no significant interaction effects on the 
metabolic values between drug effects and staying on the 
baseline drug or being switched to a new antipsychotic 
(drug × time × stay vs switch), except for serum prolactin 
(interaction, P = .005). Those switched to olanzapine had a 
greater decrease in prolactin, and those switched to risperi-
done had a greater increase in prolactin, than those who 
remained on the same medication. Although there was no 
overall interaction effect of switch versus stay for drug ef-
fects on fasting insulin or HOMA-IR, for risperidone-treated 
patients considered separately there was a statistically signif-
icant interaction effect (interaction effect – time × switch vs 
stay: insulin P = .006, HOMA-IR P < .004). Those who stayed 
on risperidone treatment had a slightly greater increase in 
insulin and less of a decrease in HOMA-IR than those who 
were switched to risperidone from another antipsychotic.

Glucose Tolerance Test
Main differences between olanzapine and risperidone. 

In the glucose tolerance test results, olanzapine patients 
showed a significant decrease in insulin sensitivity com-
pared to risperidone patients who showed no change (P 
values range from .02–.03 on different indices); however, 
there were no statistically significant differences (ie, P > .05) 
in the estimated mean values of insulin sensitivity at the 
5-month time point between the two drug groups. Over 
time, olanzapine patients showed a relative increase in glu-
cose and insulin response at the 1-hour time point after 
receiving a 75 g glucose load, whereas risperidone patients 
did not change in these parameters over time. Olanzapine 
patients had a larger increase in glucose and insulin area 
under the curve (AUC) over time than risperidone patients 
(P = .02), and the AUC differences between risperidone and 
olanzapine patients were all significantly different (P < .05) 
at the 5-month treatment time point.

Detailed results. Glucose tolerance tests (OGTT) 
conducted at baseline and after 1 month, 2 months, and 
5 months of treatment showed significant differences 
over time on some measures between olanzapine and 
risperidone and increasing glucose and insulin levels in 
olanzapine-treated patients (Table 2, Figure 3). Serum 
insulin at 1-hour post–glucose load became significantly 
higher over time in the olanzapine-treated patients, whereas 
it decreased in the risperidone-treated patients (Table 2). 
Overall insulin response to 75 g glucose load increased over 
months of olanzapine treatment, whereas it remained the 
same or decreased slightly in risperidone-treated patients. 
This was also reflected in a significant increase in insulin 
AUC in the olanzapine-treated patients compared to the 
risperidone-treated patients (Figure 3, Table 2). There was 
no overall mean difference in 1- or 2-hour glucose levels 
in olanzapine- versus risperidone-treated patients. There 
was also no difference in the number of patients achiev-
ing 2-hour glucose levels that were borderline (≥ 140 mg/
dL) or diabetic (≥ 200 mg/dL) between the olanzapine- 
and risperidone-treated patients when analyzed by either 
mixed model analysis or completer analysis. At baseline, 
4 of the olanzapine patients and 3 of the risperidone pa-
tients had borderline or abnormal 2-hour glucose levels, 
and after 5 months of treatment, 5 of the olanzapine and 
5 of the risperidone patients had borderline or abnormal 
2-hour glucose levels. However, the time course of glucose 
levels during the OGTT was significantly different over the 
5 months of treatment in the olanzapine versus risperidone 
patients. Glucose levels, especially 1-hour OGTT glucose 
levels, rose over months of olanzapine treatment, and the 

Figure 2. Insulin Values at Baseline and During 5 Months 
of Treatment With Olanzapine or Risperidone, Completer 
Analysis in Subjects With All Values Recordeda

aOlanzapine n = 20, risperidone n = 22. Statistical analysis performed on 
log10 transformed insulin values, which more closely approximated 
a normal distribution. Analysis of variance, drug × time interaction: 
F = 2.638, df = 5,200; P = .025. 2-sample T test at specific time points: 
† = P < .10. 
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glucose AUC increased more over time in the olanzapine 
patients than in the risperidone patients (Figure 3, Table 
2). We computed 2 measures of insulin sensitivity based 
on the glucose and insulin values during the OGTT. The 
olanzapine patients had a significant decrease in these mea-
sures of insulin sensitivity (P values, baseline vs 5 month 
< .01), whereas the risperidone patients remained about the 
same or showed a slight increase in insulin sensitivity that 
was not statistically different from baseline (drug × time 
effects: Matsuda OGTT insulin sensitivity, P = .023; BIGTT-
SI, P = .035; Table 2). We also calculated 2 indices from the 
OGTT putatively related to pancreatic β-cell function, 
acute insulin secretion response (BIGTT-AIR), and insulin 
DI. There was no overall difference between the effects of 

olanzapine versus risperidone over time, as assessed from 
serial OGTTs, either in the measure of BIGTT-AIR(0,60,120) or 
in the DI index. Olanzapine patients did not show any sta-
tistically significant overall changes in these measures over 
time using the analysis of variance (ANOVA) for repeated 
measures mixed model, completer analysis, or additional 
nonparametric tests. However, in the mixed model analysis, 
the least squares mean difference of the DI value for the 
olanzapine patients for 5 months versus baseline showed a 
significant decrease (P < .002).

Completer analysis, using only those subjects who com-
pleted 5 months and had complete values for glucose or 
insulin, showed a generally similar pattern of results as the 
mixed model analysis presented above, with some increases 

Figure 3. Mean Serum Glucose and Insulin Values During Glucose Tolerance Test at Baseline and After 2 and 5 Months of 
Treatment With Either Olanzapine or Risperidonea

aMeans are estimated values from mixed model analysis (olanzapine n = 23, risperidone n = 23). See Method section for details of covariate and factors 
included in the mixed model analysis. For clarity, the graph only shows results at baseline, 2 months, and 5 months, but overall mixed model analysis 
was performed using values at baseline,1 month, 2 months, and 5 months and yielded the following results for the relevant interaction term effects: 
(a) month × time (0, 60, 120 minutes) × drug and (b) month × drug. Serum glucose: month × time × drug F = 2.23, df = 12,41; P = .028; month × drug 
F = 1.39, df = 3,41; P = .259. Serum insulin (log10): month × time × drug F = 1.04, df = 12,254; P = .412; month × drug F = 5.03, df = 3,128; P = .003. Individual 
comparisons of differences between least squares means from the mixed model analysis showed significant differences at several time points, for 
glucose or insulin respectively, comparing mean values at month 5 versus baseline and month 2 versus baseline: **P < .01, *P < .05.
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or decreases in statistical significance compared to the mixed 
model analysis. For example, completer analysis of olanza-
pine versus risperidone glucose AUC showed a significant 
effect of drug × time (F = 5.253, P = .007), with olanzapine-
treated patients having higher AUC glucose in later months 
of treatment than risperidone-treated patients. One-hour 
insulin levels in the OGTT were significantly increased over 
time in the olanzapine- compared to the risperidone-treated 
patients (F = 4.201, P = .007)

None of the analyses based on the OGTT showed a 
significant interaction of drug effect with stay-switch for 
study drug assignment (drug × time × stay vs switch). For 
the olanzapine patients considered separately, those who 
stayed on olanzapine treatment had a slightly greater in-
crease in glucose 1-hour post glucose load than those who 
were switched to olanzapine.

Factors Predicting Insulin Sensitivity or Resistance
Previous research had reported that insulin sensitivity 

during antipsychotic treatment is significantly correlated 
with BMI and waist circumference. There was no differen-
tial drug effect of olanzapine versus risperidone on change 
in BMI (drug × time, Table 2) or changes in weight or waist 
circumstances over time, although in both drug groups, 
BMI, weight (baseline, 90.8 ± 19.3 kg; month 5, 93.8 ± 19.5 
kg), and waist circumference (baseline, 39.6 ± 5.5 cm; month 
5, 40.6 ± 6.0 cm) all increased slightly over time (mean per-
cent increase 2%–4%). For the olanzapine-treated patients, 
adjusted least squares means showed a significant (P < .01) 
increase in BMI for the 5 month versus baseline difference 
(Table 2). Multiple linear regression, using step-down pro-
cedures for entry, showed that baseline waist circumference 
significantly predicted HOMA-IR at baseline and month 5 
BMI significantly predicted HOMA-IR at month 5, but only 
study drug assignment predicted change in HOMA-IR from 
baseline to month 5 (Table 3). Similar regression analysis 
for the OGTT insulin sensitivity showed that the measure 
of waist circumference significantly (P = .007) predicted 
insulin sensitivity at baseline (r2 = .152). BMI (log10) and 
waist-hip ratio at month 5 significantly (P < .01) predicted 
OGTT insulin sensitivity at month 5 (r2 = .464). In contrast, 
the multiple linear regression, for the dependent variable 
of change in OGTT insulin sensitivity from baseline to 5 
months, showed that no factor related to BMI, adiposity, or 
antipsychotic drug assignment was significantly predictive. 

Graphical plots did not suggest an alternative curvilinear 
relationship.

Another way of assessing the relative independence of 
drug effects on metabolic changes from the drugs’ effects on 
weight is to include BMI every month as a time-dependent 
covariate and examine whether drug × time interaction ef-
fects in the mixed model are substantially modified from the 
original results when we include covariates related to weight 
change. If the significance of the drug × time interaction ef-
fects were wiped out or much reduced, or the estimated 
means are substantially reduced, this could indicate a strong 
dependence of the metabolic changes on weight changes. 
When the time-dependent BMI covariates were added to the 
model, the results were essentially similar to the main analy-
sis, although the significance of the drug × time interaction 
effect (F) was reduced very slightly in most analyses.

These 2 approaches to the analyses of BMI effects suggest 
that changes in patients’ BMI during study drug treatment 
with olanzapine or risperidone did not have a large influ-
ence on changes in 2 measures of insulin sensitivity, or on 
differential change in insulin or glucose values during the 
OGTT, but does not rule out a small contribution of in-
creased adiposity.

Changes in Clinical Ratings
Overall, PANSS total scores decreased slightly (mean 

7.2% decrease) but significantly over the course of the 
study (F = 5.115, P = .008, completer analysis), with baseline 
PANSS score (mean ± SD; 62.5 ± 15.1) significantly higher 
than the month 5 score (58.0 ± 11.5) (contrast month 5 vs 
baseline, P = .003). There was no differential drug effect of 
olanzapine versus risperidone treatment on PANSS total 
scores or positive or negative symptoms. Changes in PANSS 
score were not related to changes in weight, waist circum-
ference, BMI, or changes in glucose, insulin, or HOMA-IR, 
neither when analyzed for the total sample or separately for 
olanzapine-treated patients.

DISCUSSION

The main results of this study show that over a 5-month 
treatment period, olanzapine treatment resulted in sig-
nificant differences in glucose and insulin metabolism 
compared to risperidone with differences between the drugs 
more clearly evident in postprandial glucose metabolism 

Table 3. Multiple Linear Regression Prediction of HOMA-IR and Change in HOMA-IRa

Dependent (predicted) Variable (and regression AVOVA) Final R2
Variables in Final Regression Equation 

(step-down method)
Standardized Regression 

Coefficient β (significance)
HOMA-IR baseline (log10) (F = 30.40, df = 1,45; P < .001) .408 Waist circumference (cm) .639 (P < .001)
HOMA-IR month 5 (log10) (F = 17.44, df = 1,43; P < .001) .293 BMI month 5 (log10) .542 (P < .001)
HOMA-IR change (month 5 – month 1) (F = 6.61, df = 2,43; P = .014) .241 Study drug (olanzapine vs risperidone) .369 (P = .008)
aResults based on completer analysis. Independent predictor variables (or their logarithmic transformation) entered into the step-down multiple 

regression procedure were study drug, BMI at indicated time point or change in BMI, waist circumference at indicated time point or change in waist 
circumference, and waist-hip ratio at indicted time point or change in waist-hip ratio.

Abbreviations: ANOVA = analysis of variance, BMI = body mass index, HOMA-IR = homeostasis model assessment of insulin resistance.
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after a glucose load. There were no drug differences in 
fasting measures of glucose and glycohemoglobin in the 
ANOVAs, but there was a strong trend for fasting insulin 
measures to increase in the olanzapine group and decrease 
in the risperidone group. It took several months of treatment 
of these differences in postprandial glucose metabolism to 
become evident, and the strongest differences were often 
found at 4 to 5 months. At the 5-month time point, there 
were significant (P < .05) differences in glucose and insulin 
AUC during an OGTT. However, there were no differences 
between the two drug groups in standard clinical criteria for 
diagnosing diabetes or impaired glucose tolerance. There 
were no significant increases in borderline or diabetic glu-
cose levels over the 5 months of study drug treatment, in 
either fasting glucose or 2-hour glucose levels in OGTT, and 
no consistent differences between the number of olanza-
pine versus risperidone patients meeting these criteria. The 
increase in insulin secretion may have prevented any clini-
cally significant increase in glucose levels from becoming 
evident. Whether treatment with olanzapine over a longer 
term would lead to clinically significant glucose and glyco-
hemoglobin abnormalities in a greater number of patients 
is uncertain.

Although the number of patients who were treated with 
olanzapine or risperidone immediately prior to the study 
was slightly unbalanced between the two random assign-
ment groups, our statistical analysis showed that this did 
not have a significant effect on metabolic outcome variables. 
There were no significant interactions of drug effects on 
glucose or insulin changes dependent on whether the study 
drug was the same drug the patient was being treated with 
at baseline or whether the study drug was newly initiated 
(switched). Length of prior treatment with olanzapine was 
also not related to change in metabolic indices. Among the 
olanzapine-treated patients, those who stayed on olanzapine 
treatment during the study had been taking the drug for 
a mean of 13.8 months prior to the study (range, 4–36). 
For these patients, there were no significant correlations 
between length of prior treatment with olanzapine and 
fasting glucose levels, the extent of the increase in fasting 
glucose over time, or increase in 1- or 2-hour glucose values 
during the glucose tolerance tests; most of the correlations 
were small and/or negative in direction. There were also 
no consistent correlations of length of prior treatment with 
olanzapine and increase in fasting insulin, HOMA-B, in-
crease in insulin during an OGTT test, change in insulin 
sensitivity, or change in BIGTT-AIR or BIGTT-DI. Our 
statistical and correlational analyses are consistent with the 
suggestion that in chronic schizophrenic patients without 
a history of diabetic metabolic abnormalities who have 
previously been treated for years with first- and second-
generation antipsychotic drugs, treatment with olanzapine 
over a period of 1 to 3 years is unlikely to result in clinically 
significant metabolic manifestations of diabetes as reflected 
in glucose and glycohemoglobin values, although insulin 

values may be significantly increased, especially postpran-
dial insulin values.

There may be multiple physiologic mechanisms un-
derlying the changes in glucose and insulin levels seen in 
the olanzapine-treated group, including both physiologic 
effects increasing primary insulin secretion and glucogen-
esis. Several studies suggest that olanzapine increases both 
basal and glucose stimulated insulin release in humans and 
animals.29,30 Although our results showed no overall sig-
nificant change in HOMA-B, which may reflect pancreatic 
insulin secretion, there was a trend for olanzapine treatment 
to increase HOMA-B, which was significant (P = .04) at the 
3-month time point. The insulin increases could also be 
secondary to stimuli by signals of increased blood glucose, 
which could be generated by increases in glucogenesis by 
up-regulation of glycogen phosphorylase, decreases in the 
effectiveness of insulin’s molecular mechanisms on lower-
ing blood glucose, or up-regulation of genes associated with 
increased glucose production in brain and muscle, all of 
which have been reported in published studies.31 For ex-
ample, olanzapine inhibits some of the cascade of insulin 
actions, such as insulin stimulated IRS-1 tryosine and IRS-1 
associated P13K activity, the net effect leading to a decrease 
in glycogen production and an increase in glucose.32 These 
mechanisms suggest that the increase in serum insulin 
produced by olanzapine may also be a compensatory re-
sponse to the higher glucose levels resulting from increased 
glucogenesis and decreased effectiveness of the cascade of 
insulin’s cellar action to reduce glucose.

Obesity and especially visceral adiposity are related to 
the increase in insulin resistance and diabetes. In prior stud-
ies, olanzapine has been associated with significant weight 
gain, especially during the first 6 to 8 months of treatment.33 
In a study in a dog model, Ader and associates34 reported 
that olanzapine prevented the increase in insulin secretion 
in obesity-induced insulin resistance, although this may 
be specific to hepatic insulin resistance. However, a study 
by Haupt and associates12 did not report a lack of insulin 
response to a glucose load in moderately obese patients 
(BMI = 30–32). They reported that in schizophrenic pa-
tients treated with antipsychotics, measures of adiposity, 
BMI, or waist circumference were significantly negatively 
associated with insulin sensitivity and positively associated 
with insulin response to glucose load; there was no differ-
ence between patients treated with olanzapine compared 
to 2 other antipsychotics, risperidone and ziprasidone. In 
the current study, in which patients’ mean BMIs (29–30) 
were similar to those of the Haupt study, there was also a 
significant association of BMI, waist circumference, and/
or waist-hip ratio with fasting measures of HOMA-IR, as 
well as OGTT derived insulin sensitivity, measured both 
at baseline and month 5 of study drug treatment. However, 
only study drug treatment, and not factors related to adipos-
ity, was significantly predictive of an increase in HOMA-IR 
from baseline to month 5. This suggests that in this group of 
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chronically treated patients with schizophrenia, the change 
in insulin resistance caused by olanzapine was not strongly 
related to any changes in adiposity produced by the drugs 
during the study period. This interpretation is also con-
sistent with the lack of any significant drug differences on 
changes in BMI, weight, or waist circumference. It is pos-
sible that more sensitive measures of increase in total or 
visceral adiposity measured by dual energy x-ray absorp-
tiometry and magnetic resonance imaging or computed 
tomography abdominal adiposity could reveal a different 
relationship between drug effects on changes in adiposity 
and changes in insulin sensitivity.

There have been variable results in previous cross-sec-
tional or prospective studies measuring metabolic effects 
of olanzapine versus risperidone in schizophrenic patients. 
(Some of these studies have also utilized patients treated 
with other antipsychotics.) In a cross-sectional study of 
closely matched lean patients, Henderson and associates,9 
using a FSIVGTT, found higher fasting insulin levels and 
higher insulin resistance measures in the olanzapine-treated 
patients compared to risperidone-treated patients but did 
not report any difference in indices reflecting β-cell pancre-
atic function (acute insulin response to glucose [AIRG] or 
DI). Newcomer and associates,10 in a cross-sectional study 
using an abbreviated oral OGTT (50 mg), reported that pa-
tients treated with olanzapine had higher glucose levels and 
higher insulin resistance than those treated with conven-
tional antipsychotics. Our own prior cross-sectional study 
using OGTT (75 g)13 reported that risperidone-treated 
patients had higher glucose levels at 1 hour than patients 
treated with olanzapine, and there were more patients tak-
ing risperidone who met American Diabetes Association 
glucose metabolic criteria for diagnosis of diabetes. Van 
Winkel and associates35 recently reported significant dif-
ferences in both fasting and OGTT glucose levels after 3 
months of treatment in schizophrenic patients started on or 
switched to olanzapine, when compared to patients treated 
with aripiprazole, but there were no significant differences 
between olanzapine- and risperidone-treated patients. A 
recent prospective 6-month study of olanzapine and ris-
peridone treatment of schizophrenic patients using fasting 
measures and FSIVGTT16 found no significant differences 
in fasting glucose or insulin between the two drug groups 
at any time point and no difference in measures of insulin 
sensitivity or pancreatic β-cell function (AIRG, DI). In a 
subset of African American and Hispanic patients in their 
sample (which is more similar to the main population of 
this current study), they also found no statistically signifi-
cant differences in insulin sensitivity between olanzapine 
and risperidone groups, but a decrease in DI in the olan-
zapine group after 5 months of treatment. They interpret 
this change in DI to represent a decrease in compensating 
pancreatic β-cell function in olanzapine-treated patients. 
In contrast, the current study, which also used relatively 
obese patients with similar BMIs to the Ader and associates 

study,34 showed differences in insulin sensitivity/resistance 
both in an index calculated on fasting measures and 2 insu-
lin sensitivity indices calculated from OGTT. However, we 
found no overall differences in indices of β-cell secretory 
function derived from fasting measures or OGTT, although 
the olanzapine patients did have a significant decrease in 
our imputed measure of DI at 5 months of treatment. It is 
possible that our HOMA-B and BIGTT-AIR and BIGTT-
DI measures of pancreatic β-cell function are less sensitive 
or accurate than the FSIVGTT measures using the Berg-
man minimal model,28 although Hansen and associates26 
reported a strong relationship between BIGTT-AIR and 
FSIVGTT-AIR indices measured in the same patients. 
Whether the DI measure we computed from the BIGTT 
parameters correlates highly with the DI from FSIVGTT has 
not been evaluated. In addition to differences in assessment 
methods between Ader and associates16 versus the current 
study (ie, FSIVGTT vs OGTT), other differences in subject 
population (outpatients vs inpatients, mixed sex vs mostly 
male subjects, multiple sites vs single site) and differences 
in statistical analysis (last observation carried forward vs 
mixed model, and controlling for baseline BMI in our analy-
sis) may have contributed to the differences in results, on 
changes in insulin levels and insulin sensitivity over time, 
between the two drug treatment groups.

Our sample selection criteria could have biased our abil-
ity to find clinically meaningful increases in glucose levels 
or diabetes during olanzapine treatment. Our sample con-
sisted of overweight patients with chronic schizophrenia, 
most of whom had been treated with conventional and 
second-generation antipsychotics for many years and who 
were not currently being treated with antidiabetic drugs, 
although 2 patients had a diabetic history and 12 had a his-
tory of at least 1 borderline or abnormal glucose in the past 3 
years. These patients, who have survived years of treatment 
with second-generation antipsychotics without developing 
persistent diabetes, may represent a lower risk for develop-
ing diabetes than the general schizophrenic population in 
which the rate of diabetes has been estimated at 10%–14%. 
In the Clinical Antipsychotic Trials of Intervention Effec-
tiveness (CATIE) study,17 in which 9%–11% of the sample 
had diabetes and 25% had borderline or abnormal glucose 
levels at baseline, assignment to olanzapine treatment did 
produce a significant increase in glycosylated hemoglobin. 
It is possible that more striking increases in glucose levels 
and diabetes, and stronger differences between olanza-
pine and risperidone, might occur in younger, drug-naive 
patients or those who had no or very limited exposure 
to second-generation antipsychotics. For example, Davis 
(J.M.D., manuscript submitted) has reported that increases 
in weight with second-generation antipsychotics are quite 
variable and tend to occur most strongly in younger patients 
with low BMI who have less exposure to second-generation 
antipsychotics. However, a review of published first-episode 
schizophrenia studies involving olanzapine or clozapine 
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generally showed changes in insulin and lipids during treat-
ment but no consistent changes in glucose or statistically 
significant increase in diabetes incidence.36–39 These results 
are fairly similar to the type of metabolic changes reported 
in this and other studies of chronically treated schizophren-
ic patients. A recent review of prospective randomized trials 
of antipsychotics and glucose abnormalities found no con-
sistent significant drug differences in treatment-emergent 
glucose abnormalities or clinical diabetes in patients treated 
with different antipsychotics.40

Limitations of this study include the relatively small 
sample size and characteristics of the patient populations 
studied, which may limit the interpretations of our find-
ings. Although our sample was powered to detect a 15 mg/
dL difference in fasting glucose between 2 drugs, it may 
have lacked the power to detect small differences in fasting 
glucose between the groups. It may also have lacked the 
power to detect drug group differences in the propensity 
to convert to glucose criteria for diagnosis of diabetes, es-
pecially if this occurs at a low rate in olanzapine patients. 
Extrapolation of our results to the general population of 
schizophrenic patients, who may have a 10%–14% rate of 
diabetes, or to younger patients who have not been treat-
ed with multiple second-generation antipsychotics, or to 
nonobese, lean schizophrenic patients may also not be fully 
warranted.

In summary, our study found that 5 months of olanza-
pine treatment in chronic schizophrenic patients previously 
treated with multiple antipsychotics produced increases in 
serum insulin and measures of insulin resistance as com-
pared to risperidone treatment but no drug differences in 
the emergence of diabetes as indicated by abnormal glucose 
or glycohemoglobin levels. Our analysis suggested that lon-
ger prior treatment with olanzapine (up to 3 years) did not 
lead to greater effects of olanzapine on increasing glucose, 
insulin levels, or insulin resistance. Whether the effect of 
olanzapine on insulin resistance will increase over many 
years and lead to exhaustion of the β-cell insulin reserve and 
a subsequent increase in the incidence of clinical diabetes 
is unclear. In classical type 2 diabetes, elevations in insulin 
and insulin resistance often precede diabetic hyperglycemia 
by 5 to 10 years. Yearly OGTT tests measuring both glucose 
and insulin at 30 minute intervals in patients treated with 
olanzapine would be helpful in determining the status of the 
β-cell insulin reserve response and the risk of developing 
diabetes with long-term olanzapine treatment in this group 
of patients. Adjunctive antidiabetic medication, which 
would increase insulin sensitivity, should also be consid-
ered in clinical trials to reduce long-term risk. Since the 
weight increase produced by olanzapine is relatively small 
in these patients and the significant increase in insulin re-
sistance is not related to drug effects on weight, treatment 
with drugs that specifically target improving insulin sensi-
tivity, such as peroxisome proliferator-activated receptor γ 
agonist activators like pioglitazone, may be appropriate to 

consider in adjunctive clinical therapy trial studies. Piogli-
tazone significantly reduces postprandial glucose increase 
and increases insulin sensitivity both during OGTT and 
euglycemic insulin clamp studies.41,42 There is also the sug-
gestion that pioglitazone and other thiazolidinediones may 
be useful in prevention or delay of conversion from im-
paired fasting glucose into diabetes.43 However, the risks 
of blood volume expansion and peripheral edema, which 
may increase the risk of congestive heart failure with this 
class of drugs, need to be concomitantly evaluated to assess 
prospective risk/benefit ratios for patients at increased risk 
of congestive heart failure. An alternative adjunctive treat-
ment could be metformin, which has also been shown to 
decrease olanzapine-induced weight gain and prevent in-
creases in insulin resistance in first-episode schizophrenic 
patients treated with olanzapine,44 although this drug has 
not been shown to specifically increase insulin sensitivity 
or delay conversion to diabetes in patients with impaired 
glucose tolerance.

Drug names: aripiprazole (Abilify), clozapine (FazaClo, Clozaril,  
and others), lithium (Lithobid, Eskalith, and others), metformin  
(Riomet, Fortamet, and others), olanzapine (Zyprexa), pioglitazone  
(Actos), risperidone (Risperdal and others), ziprasidone (Geodon).
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