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Abstract

Antipsychotic medications are associated with an increased risk of diabetes. Previous studies have 

also found an increased risk of type 2 diabetes mellitus in the relatives of schizophrenia probands. 

The aim of this study was to explore the metabolic adverse effects of olanzapine in a cohort of 

patients with newly diagnosed psychosis and minimal or no exposure to antipsychotics. Patients 

with newly diagnosed psychosis (n = 30) were enrolled in a 16-week open trial of olanzapine. 

Body mass index, fasting glucose, hemoglobin A1c, fasting insulin, IL-6, and a fasting lipid profile 

were measured at baseline and at 4-week intervals. There was a significant, linear increase over 

time in fasting glucose (P = 0.043), weight (P < 0.001), body mass index (P < 0.001), total 

cholesterol (P = 0.005), triglycerides (P = 0.003), and low-density lipoprotein (P = 0.013), but not 

hemoglobin A1c (P = 0.691), fasting insulin (P = 0.690), IL-6 (P = 0.877), or high-density 

lipoprotein (P = 0.446). An abnormal baseline IL-6 was a significant predictor of a greater 

increase in both total cholesterol (P < 0.01) and low-density lipoprotein (P < 0.01). Otherwise, 

neither parental history of type 2 diabetes mellitus nor baseline IL-6 predicted changes in 

metabolic measures. Changes in metabolic measures with olanzapine treatment can be detected 

early in the treatment of patients who are previously antipsychotic naive. The absence of a change 
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in fasting insulin suggests a failure of pancreatic islet cells to compensate for the increase in 

fasting glucose.
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Many of the atypical antipsychotic medications are associated with an increased risk of new-

onset diabetes. However, the strength of this association varies among individual 

medications, with olanzapine and clozapine seeming to have a great risk.1,2 There is also 

considerable variation in the risk of subsequent diabetes among patients with psychosis who 

take these medications. Pharmacogenetic studies have provided some leads in this regard, 

but the relationships have not been strong, and there are few replications.3–5 An association 

study found that among 21 different receptors, muscarinic M3 receptor-binding affinity was 

the best predictor of antipsychotic-induced type 2 diabetes mellitus (DM2).6 Research on 

baseline clinical predictors of diabetes in patients treated with antipsychotic is also limited. 

An analysis of 2 multicenter 6-month trials of olanzapine or ziprasidone in schizophrenia 

found that (1) high-density lipoprotein (HDL) cholesterol less than 28 mg/dL and (2) being 

58 years or older if HDL cholesterol is 28 mg/dL or greater were significant baseline 

predictors of diabetes.7

Choice of antipsychotic can be problematic in patients with newly diagnosed psychosis, and 

consideration of metabolic adverse effects is an important factor in this decision. Three 

randomized, double-blind, controlled trials support the efficacy of olanzapine in patients 

with newly diagnosed psychosis.8–10 However, metabolic data from these trials showed that 

olanzapine was also associated with significant increases in weight, body mass index (BMI), 

and treatment-emergent metabolic syndrome. In previous reports, we have described an 

increased family prevalence of diabetes or prediabetic states in subjects diagnosed with 

schizophrenia11,12 and increased blood levels of interleukin 6 (IL-6) in drug-naive, first 

episode of nonaffective psychosis.13 Interleukin 6 is a proinflammatory marker associated 

with diabetes and with risk of developing diabetes.14

The aim of this study was to explore the metabolic adverse effects of olanzapine in a cohort 

of patients with newly diagnosed psychosis and minimal or no exposure to antipsychotics. 

We focused on a description of early metabolic adverse effects and clinical and biochemical 

features that might predict these adverse effects.

METHODS

Patients

Thirty consecutive antipsychotic-naive patients with newly diagnosed psychosis were 

enrolled in a 16-week open trial of olanzapine. They were recruited at the time of their first 

clinical contact for psychosis at a general academic hospital (the Hospital Clinic of 

Barcelona). All subjects had participated in a larger study of baseline metabolic 

abnormalities (see Fernandez-Egea et al13 for a more complete description) and agreed to 

participate in the olanzapine trial. The hospital provides psychiatric services for people who 
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live in the surrounding catchment area, Esquerra Eixample, in the city of Barcelona, as part 

of the Spanish national health system, and most (n = 25, 83%) of the patients resided in that 

neighborhood. The study was conducted between August 2005 and December 2009.

All subjects gave informed consent for participation in the study, which was conducted 

under the supervision of the institutional review boards of the Hospital Clinic, University of 

Barcelona, and the Medical College of Georgia.

Inclusion/Exclusion Criteria

Patients had a maximum cumulative (lifetime) antipsychotic exposure of 1 week and no 

antipsychotic use in the 30 days before enrolling in the study. Most patients were 

antipsychotic naive. They were allowed to receive antianxiety medication (lorazepam) the 

night before blood was drawn at baseline, to a maximum of 3 mg, but not on the day of 

assessment. Additional inclusion and exclusion criteria were as follows: (1) age 18 to 64 

years, (2) no history of diabetes or other serious medical or neurological condition 

associated with glucose intolerance or insulin resistance (eg, Cushing disease), (3) not taking 

a medication associated with insulin resistance (eg, hydrochlorothiazide, furosemide, 

ethacrynic acid, metolazone, chlorthalidone, β-blockers, glucocorticoids, phenytoin, 

nicotinic acid, cyclosporine, pentamidine, or narcotics), (4) no history of cocaine use in the 

previous 30 days, and (5) no laboratory evidence of diabetes at baseline (fasting glucose 

<126 mg/dL or 2-hour glucose <200 mg/dL on a glucose tolerance test).15

Assessments

All subjects were interviewed using the Spanish translation of the Structured Clinical 

Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition Axis I 

Disorders, clinician version. Socioeconomic status (SES) of the family of origin was 

assessed with the Hollingshead-Redlich scale.16

Subjects were also interviewed for a parental history of DM2. A parental history of DM2 

was scored either “yes” or “no,” based on whether a physician had diagnosed DM2 in either 

the father, the mother, or both. One case of maternal gestational diabetes was rated as “yes.” 

Data were confirmed by interviewing the patients’ parents or siblings during a post-

discharge follow-up visit. We excluded from further analysis data that were not verifiable 

because of either adoption or the absence of relatives.

Baseline Metabolic Assessment

All subjects were given a 2-hour, 75-g oral glucose tolerance test (OGTT), which began 

between 8 and 9 AM after an overnight fast. Hemoglobin A1c (HbA1c), fasting insulin, a 

fasting lipid panel, C-reactive protein, IL-6, leptin, adiponectin, and cortisol blood levels 

were also recorded at baseline. Height and weight, while wearing underwear and without 

shoes, were recorded between the blood samplings. Further details of the metabolic 

assessment have been previously published.11 The determination of IL-6 was performed 

with a commercial enzyme immunoassay technique (Biosurce, Nivelles, Belgium). Cortisol 

was measured using a radioimmunoassay (Immuchem, Ivoz-Ramet, Belgium). Serum 

insulin concentrations were measured in duplicate by monoclonal immunoradiometric assay 
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(Medgenix Diagnostics, Fleunes, Belgium). No cross-reaction with proinsulin was detected. 

Glycosylated hemoglobin (HbA1c) was determined by high-performance liquid 

chromatography (HA 8121; Menarini Diagnostici, Firenze, Italy; reference range, 3.4%–

5.5%). Cortisol was measured using a radioimmunoassay (Immuchem). Adiponectin was 

measured using a radioimmunoassay (Millipore Corporation, Billerica, Mass), leptin with 

enzyme-linked immunosorbent assay (DBC; Diagnostics Biochem Canada Inc, London, 

Ontario, Canada), and C-reactive protein in serum using Advia 2400 (Siemens, Barcelona, 

Spain).

Treatment Phase

Following the baseline assessment, patients entered an open treatment trial with olanzapine 

lasting 16 weeks. They were started on a dose of 15 mg/d by mouth, which could be 

adjusted to as low as 10 mg/d or as high as 40 mg/d, based on clinical response. The trial 

began while they were hospitalized and continued after discharge.

Patients were evaluated clinically on weeks 1, 2, 3, 4, 6, 8, 10, 12, 14, and 16. A fasting 

glucose, fasting insulin, IL-6, fasting lipids, and HbA1c were also measured on weeks 4, 8, 

12, and 16. Height and weight were also measured at each of these visits. A Positive and 

Negative Syndromes Scale was administered at weeks 4, 8, 12, and 16.

Patients were withdrawn from the study if any of the following occurred at any of the time 

points: (1) a fasting glucose 126 mg/dL or greater, (2) systolic blood pressure greater than 

150 mm Hg or diastolic blood pressure greater than 100 mm Hg, (3) significant worsening 

of mental status (based on clinical judgment), (4) failure of mental status to improve within 

8 weeks (based on clinical judgment), (5) low-density lipoprotein (LDL) cholesterol greater 

than 160 mg/dL, or triglycerides greater than 225 mg/dL, or (6) any other significant adverse 

response to treatment. Patients were also withdrawn for an increase in BMI as follows: (a) 

increase of 4 BMI units or greater in subjects with a BMI of less than 20 at study entry, (b) 

increase of 3 BMI units or greater in subjects with a BMI of 20.1 to 25 at study entry, (c) 

increase of 2 BMI units or greater in subjects with a BMI of 25.1 to 30 at study entry, or (d) 

increase of 1 BMI unit or greater and weight gain of greater than 15 lb in subjects with a 

BMI of 30 or greater at study entry.

Statistical Analysis

We tested for an increase over time in each metabolic measure using univariate linear 

regression, with time as the independent variable.

In separate analyses, patients were also stratified based on (1) presence or absence of a 

parental history of DM2 and (2) presence or absence of an abnormal baseline IL-6 

concentration (defined as IL-6 ≥5 pg/mL). We used a repeated-measures analysis of 

variance, controlling for age, race (white yes/no), sex, smoking, and SES of the family of 

origin, to evaluate parental history of DM2 and baseline IL-6 as predictors of change in 

metabolic measures. All analyses were performed using SPSS version 17.0 (SPSS Inc, 

Chicago, Ill). All data were analyzed using a last-observation-carried-forward approach.
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RESULTS

Thirty patients entered the study. They met Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition criteria for schizophrenia (n = 21), schizophreniform disorder (n 

= 4), brief psychotic disorder (n = 2), delusional disorder (n = 1), or bipolar I disorder with 

psychotic features (n = 2). Table 1 provides baseline psychiatric and metabolic 

characteristics of these patients. The mean olanzapine dose over the trial was 22.9 ± 7.9 mg. 

Eleven (37%) of the patients were withdrawn from the study during the treatment phase 

because of the exclusion criteria: n = 9 because of increased BMI (n = 3 at 4 weeks, n = 5 at 

8 weeks, and n = 1 at 12 weeks) and n = 2 because of elevated LDL (n = 1 at 4 weeks and n 

= 1 at 8 weeks). Fourteen patients (47%) completed 16 weeks. The mean weight gain was 

7.8 ± 3.6 kg. The flow of patients through the study is described in Figure 1.

In the univariate linear regression models, there was a significant, linear increase over time 

in fasting glucose (P = 0.043), weight (P < 0.001), BMI (P < 0.001), total cholesterol (P = 

0.005), triglycerides (P = 0.003), and LDL (P = 0.013), but not HbA1c (P = 0.691), fasting 

insulin (P = 0.690), IL-6 (P = 0.877), or HDL (0.696) (Fig. 2). These results were 

unchanged when reanalyzed after excluding the 2 subjects with bipolar I disorder with 

psychotic features (data not shown). The results were also unchanged when the analyses 

were repeated with only the 14 subjects who completed the trial (data not shown). We did 

not find any significant correlations between changes in fasting glucose, fasting insulin, 2-

hour glucose, weight, or BMI (data not shown). None of the patients met the criteria for 

metabolic syndrome at the end of the study. A parental history of DM2 (n = 7) was 

associated with a higher weight, BMI, fasting glucose, IL-6, total cholesterol, triglycerides, 

and LDL and lower fasting insulin than found in patients without such a history (n = 20; data 

were missing for 3 subjects), and this difference was sustained throughout the trial. Patients 

with an abnormal baseline IL-6 (n = 7) had a higher weight, BMI, fasting glucose, total 

cholesterol, LDL, and HDL than found in patients with normal IL-6, and this difference was 

sustained throughout the trial. In a repeated-measures ANOVA, parental history of DM2 

predicted greater increase in BMI and triglycerides at the trend level (P = 0.07 for BMI and 

P = 0.10 for triglycerides). Baseline abnormal IL-6 was a significant predictor of a greater 

increase in both total cholesterol (P < 0.01) and LDL (P < 0.01) (Fig. 2). Otherwise, neither 

parental history of DM2 nor baseline IL-6 predicted changes in these metabolic measures. 

The results were unchanged when reanalyzed after excluding the 2 subjects with bipolar I 

disorder with psychotic features (neither of these subjects had either a parental history of 

DM2 or an abnormal baseline IL-6; data not shown). In an exploratory analysis, baseline 2-

hour glucose in the OGTT was not a significant predictor of changes in these metabolic 

measures (data not shown).

DISCUSSION

We found a significant increase in the first 16 weeks of olanzapine treatment of fasting 

glucose, weight, BMI, total cholesterol, triglycerides, and LDL in patients with newly 

diagnosed psychosis, the majority of whom were antipsychotic naive. Fasting insulin, 

HbA1c, and HDL levels did not change significantly. Baseline abnormal IL-6 was a 

significant predictor of a greater increase in total cholesterol and LDL cholesterol. Neither a 
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parental history of diabetes nor baseline 2-hour glucose in the OGTT was a significant 

predictor of changes in metabolic parameters.

The most important limitations in our study were sample size and duration. With a larger 

sample, some of these measures may have shown significant change within this time frame. 

There is extensive evidence suggesting that, in patients who receive antipsychotic 

medications over a period of many months or years, all of the measures presented here 

change more in those who receive olanzapine and other antipsychotics than in patients who 

do not take these drugs.

A strength of our study is that we explored parental history of diabetes and baseline IL-6, 

which have an increased prevalence in nonaffective psychosis,11,12,17–19 as potentially novel 

clinical predictors of changes in metabolic parameters. To our knowledge, only 1 previous 

study20 has considered other clinical predictors of metabolic changes in patients treated with 

olanzapine. In that study, change in BMI was not predicted by age, sex, smoking status, 

diagnosis, premorbid functioning, age at onset, duration of illness, or history of previous 

antipsychotic treatment. In our study, patients with an abnormal baseline IL-6 were less 

likely than patients with normal baseline IL-6 to complete the trial (14% vs 48%, 

respectively). Thus, our finding that baseline abnormal IL-6 predicted a greater increase in 

total and LDL cholesterol should be interpreted with caution in light of small numbers and 

differential dropout. Replication of these results in a larger trial is warranted.

Our results are consistent with other studies that found significant increases in weight21–24 

and lipids—particularly total cholesterol and triglycerides22,24,25—in patients with first-

episode psychosis treated with olanzapine for 8 to 16 weeks. However, our evidence is in 

contrast with 2 previous studies that found an increase in fasting insulin but not fasting 

glucose in patients with first-episode psychosis treated with olanzapine for 8 to 12 

weeks.22,25 In one of these studies,22 however, 2 of the 9 patients had been on olanzapine 

for 5 to 7 weeks before study entry. Another study also found a significant increase in 

fasting insulin in male but not female patients with first-episode psychosis treated for 1 year 

with olanzapine, risperidone, or haloperidol.26 This study did not find an increased 

prevalence of DM2 at end point, but did not present data on mean fasting glucose values. 

One possible explanation is that our study was underpowered to detect an increase in fasting 

insulin. However, in the brief time frame of our study, it is possible that insulin production is 

more of a problem for patients than is insulin sensitivity. The absence of a change in fasting 

insulin suggests a failure of pancreatic islet cells to compensate for the increase in fasting 

glucose, although 1 study found increased insulin resistance in patients treated with 

olanzapine for 8 weeks.25 It is not surprising that no subjects met the criteria for metabolic 

syndrome, given the young age and low BMI of the patients entering and the short duration 

of the trial. Moreover, there was a bias against both including and continuing in the study 

patients with marked metabolic problems.

In summary, parental history of DM2 or baseline IL-6 may predict adverse effects through 

association with higher BMI, fasting glucose, and fasting lipids. Given the burden of 

premature cardiovascular disease mortality in psychosis,27 larger studies are needed to 
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identify patients who may be particularly vulnerable to the metabolic adverse effects of 

antipsychotics, which impact on this risk.
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FIGURE 1. 
Flow of patients through the study.
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FIGURE 2. 
Changes in metabolic measures over time in all subjects (n = 30). A, Weight and BMI. In 

the univariate linear regression models, there was a significant, linear increase over time in 

weight (P < 0.001) and BMI (P < 0.001). B, Fasting glucose and fasting insulin. In the 

univariate linear regression models, there was a significant, linear increase over time in 

fasting glucose (P = 0.043), but not in fasting insulin (P = 0.690). C, Total cholesterol and 

LDL. In the univariate linear regression models, there was a significant, linear increase over 

time in total cholesterol (P = 0.005) and LDL (P = 0.013). Baseline abnormal IL-6 (≥5) was 
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a significant predictor of a greater increase in both total cholesterol (P < 0.01) and LDL (P < 

0.01) in a repeated-measures analysis of variance.
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TABLE 1

Baseline Patient Characteristics (n = 30)

Mean (SD) age, y 27.5 (7.0)

Sex, % male 66.7

Race, % white 90

% Residing in catchment area 83

Mean (SD) no. cigarettes/d 8.1 (9.7)

Mean (SD) SES 4.9 (1.6)

Mean (SD) PANSS positive 25 (7)

Mean (SD) PANSS negative 23 (9)

Mean (SD) PANSS general 39 (10)

Mean (SD) PANSS total 87 (20)

Mean (SD) duration of untreated psychosis, mo 1.5 (1.4)

Mean (SD) BMI 22.1 (3.0)

Mean (SD) total cholesterol, mg/dL 163 (30)

Mean (SD) triglycerides, mg/dL 80 (26)

Mean (SD) LDL, mg/dL 97 (27)

Mean (SD) HDL, mg/dL 50 (14)

Mean (SD) fasting glucose, mg/dL 82 (8)

Mean (SD) HbA1c (%) 4.4 (0.3)

Mean (SD) 2-h glucose, mg/dL 110 (35)

Mean (SD) fasting insulin, mg/dL 9.7 (4.4)

Mean (SD) leptin, mg/dL 7.3 (10.4)

Mean (SD) adiponectin, mg/dL 12.3 (5.9)

Mean (SD) C-reactive peptide, mg/dL 0.21 (0.34)

Mean (SD) IL-6, pg/mL 3.5 (7.2)

Mean (SD) cortisol, mg/dL 18.3 (5.6)

Parental history of DM2, % yes 23.3

PANSS indicates Positive and Negative Syndromes Scale.
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