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Objective: Weight gain is commonly ob-
served with olanzapine treatment and
can increase the risk for obesity, cardio-
vascular disease, hypertension, and dia-
betes mellitus. This study examined the
effectiveness of sibutramine, an approved
weight loss agent, in overweight and
obese subjects taking olanzapine for
schizophrenia or schizoaffective disorder.

Method: Each subject had a DSM-IV diag-
nosis of schizophrenia or schizoaffective
disorder, had been taking a stable dose of
olanzapine for at least 4 months, and had
a body mass index of ≥30 kg/m2 or ≥27
kg/m2 plus at least one cardiovascular risk
factor. In a 12-week double-blind, ran-
domized, placebo-controlled study, 37
subjects received placebo or sibutramine
(up to 15 mg/day). For the first 8 weeks all
subjects participated in weekly group ses-
sions focused on nutrition and behavioral
modification.

Results: The sibutramine and placebo
groups had no significant baseline differ-
ences on age, gender, education, ethnic-
ity, diagnosis, weight, body mass index,
and blood pressure. At week 12 the
sibutramine group had significantly
greater losses than the placebo group in
weight (mean=8.3 lb, SD=2.4, versus
mean=1.8 lb, SD=1.6), waist circumfer-
ence, body mass index, and hemoglobin
A1c. There were no significant differences
on most side effects, although the sibutra-
mine group exhibited a mean increase in
systolic blood pressure of 2.1 mm Hg (SD=
8.5), and anticholinergic side effects and
sleep disturbances were at least twice as
common in the sibutramine group.

Conclusions: Sibutramine was an effec-
tive and well-tolerated adjunct to behav-
ior modification for weight loss in patients
with schizophrenia and schizoaffective
disorder being treated with olanzapine.

(Am J Psychiatry 2005; 162:954–962)

Although conventional antipsychotic agents signifi-
cantly reduce symptoms in chronically psychotic patients,
a substantial number of patients remain impaired by re-
sidual symptoms. In a recently published meta-analysis of
the efficacy of second-generation antipsychotics, several
second-generation antipsychotics (clozapine, amisul-
pride, risperidone, and olanzapine) were found to be sig-
nificantly more efficacious than first-generation antipsy-
chotics (1). Improvements have been noted in positive
symptoms, negative symptoms, cognitive deficits, mood,
impulse control, excitability, and functional recovery (1).
Olanzapine and other atypical antipsychotic agents cause
fewer extrapyramidal side effects than conventional neu-
roleptics and are generally better tolerated. However, the
atypical antipsychotic agents are not without their side ef-
fects. Psychotropic medications in general and antipsy-
chotics in particular may produce substantial weight gain.
Case reports and clinical trials have linked olanzapine
with substantial weight gain in some patients (2–6). A
meta-analysis estimated that the average weight change
for subjects treated with antipsychotic agents over a 10-
week period ranged from a reduction of 0.39 kg with molin-
done to increases of 4.15 kg with olanzapine and 4.45 kg
with clozapine (7).

In clinical trials, olanzapine treatment was associated
with significant weight increases (greater than 7% of base-
line weight) in 32% of patients who were underweight,
18% of normal-weight patients, and 11% of overweight pa-
tients (3). In four studies, the mean incidence of weight
gain of 7% or greater was 41% in patients treated with
olanzapine, compared to 12% of those receiving haloperi-
dol and 3% of those receiving placebo (3). A study of 25 in-
patients demonstrated a mean weight gain of 12 lb after 12
weeks of treatment with olanzapine at a mean dose of 13.8
mg/day (5). In another study, 94% of day-treatment pa-
tients treated with olanzapine (mean dose, 14.1 mg/day)
experienced weight gains of greater than 7%. The mean
weight gain was 22.1 lb over a 7-month period and corre-
lated with clinical response (8).

By increasing a patient’s risk of obesity, antipsychotic
agents may be placing patients at risk for associated mor-
bidity and mortality (9). Patients who gain more than 10%
of their total body weight are at risk for developing hyper-
tension and type 2 diabetes mellitus. The risk for diabetes
mellitus is increased approximately twofold in the mildly
obese, fivefold in the moderately obese, and tenfold in se-
verely obese persons (10). The duration of obesity is an
important determinant of the risk for developing diabetes.
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The adverse effects of antipsychotic-induced weight
gain may be greatest in men, the elderly, patients with
higher body mass indexes at baseline, or patients who ex-
perience greater degrees of weight gain (11). Thus, the
benefits of atypical antipsychotics, including a decreased
rate of mortality from suicide, may be offset by the conse-
quences of antipsychotic-induced weight gain (11). Aside
from medical complications, weight gain is also an emo-
tionally distressing side effect that contributes to nonad-
herence with antipsychotic treatment (12–14). Allison et
al. (12) reported that patients treated with antipsychotic
medications who gain weight have a reduced quality of
life, poorer self-reported general health, and decreased
vitality.

While switching to a more weight-neutral atypical anti-
psychotic agent offers promise in halting or reversing
weight gain associated with an antipsychotic agent, many
patients and their clinicians are reluctant to risk a worsen-
ing or return of psychotic symptoms. As a result, various
agents have been proposed as adjunctive treatments to at-
tenuate antipsychotic-induced weight gain. In a 6-week

double-blind, placebo-controlled study of 26 inpatients,
the addition of reboxetine, a selective norepinephrine re-
uptake inhibitor, to olanzapine at a dose of 10 mg/day re-
sulted in significantly less weight gain (mean=2.5 kg, SD=
2.7, versus mean=5.5 kg, SD=3.1) and significant improve-
ment in the Hamilton Depression Rating Scale score (15).
In another study, coadministration of fluoxetine was inef-
fective in diminishing olanzapine-induced weight gain in
first-episode schizophrenia patients (16).

Sibutramine hydrochloride, a weight loss agent affect-
ing both serotonin and norepinephrine reuptake, was in-
troduced into the U.S. market in 1997 (17). The hypo-
phagic effect of sibutramine is thought to be mediated, in
part, through activation of the serotonin 5-HT2C receptor
(18). Sibutramine has been shown to be an effective and
well-tolerated weight loss agent for obesity (19). In a 44-
week randomized, placebo-controlled trial, sibutramine
produced weight loss and a decrease in waist circumfer-
ence. Fasting triglyceride levels decreased and levels of
high-density lipoprotein (HDL) cholesterol increased;
these changes are often associated with weight loss (20). In
a 1-year placebo-controlled trial with 485 obese individu-
als, sibutramine reduced mean weight by 4.8 kg in the 10-
mg/day group and 6.1 kg in the 15-mg/day group (17).

In a 16-week double-blind trial, the addition of sibutra-
mine, with behavioral weight counseling, to an ongoing
antipsychotic regimen was evaluated in stable overweight
or obese outpatients with schizophrenia (21). Twenty-one

FIGURE 1. Patients Who Entered and Completed a 12-Week
Placebo-Controlled Trial of Sibutramine for Olanzapine-
Associated Weight Gain

Subjects not randomly
assigned (N=6):

Abnormal ECG (N=1)
Withdrawal of consent (N=4)
Loss of contact (N=1)

Withdrew in
weeks 1–4 (N=3):

Unknown reason
(N=2)
Loss of contact
during follow-up
(N=1)

Withdrew in
weeks 1–4 (N=3):

Too many meetings/
too many questions
(N=1)
Request for treat-
ment with SSRI anti-
depressant (N=2)

Subjects declared
ineligible (N=4)

Subjects who refused
to participate (N=3)

Subjects screened
(N=50)

Subjects enrolled
in trial (N=43)

Subjects randomly
assigned (N=37)

Subjects assigned
to receive sibutramine

(N=19)

Subjects assigned
to receive placebo

(N=18)

Completed trial
(N=16)

Completed trial
(N=15)

TABLE 1. Baseline Characteristics of Patients With Schizo-
phrenia in a Placebo-Controlled Trial of Sibutramine for
Olanzapine-Associated Weight Gain

Variable
Placebo 
(N=18)

Sibutramine 
(N=19)

N % N %
Gender

Male 11 61 12 63
Female 7 39 7 37

Marital status
Single 17 94 17 89
Married 1 6 2 11

Race
African American 5 28 5 26
Caucasian 12 67 13 68
East/Southeast Asian 0 0 1 5
Other 1 6 0 0

Diagnosis
Schizoaffective disorder 5 28 5 26
Schizophrenia 13 72 14 74

Mean SD Mean SD

Age (years) 40.7 9.9 43.2 10.6
Educational level (years) 12.6 1.7 12.8 2.1
Weight (lb) 240.3 40.1 226.5 34.6
Body mass index (kg/m2) 38.4 9.1 34.3 5.8
Estimated weight gain from 

olanzapine (lb) 54.2 47.6 47.0 29.9
Lowest weight maintained for at 

least 1 year since age 21 (lb) 158.3 30.2 157.8 31.6
Blood pressure (mm Hg)

Systolic 128.9 10.8 127.9 15.4
Diastolic 87.4 6.8 87.3 13.1
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patients were assigned to either sibutramine (up to 15 mg/
day) or placebo in a 2:1 ratio. Nineteen completed at least
4 weeks of double-blind treatment (14 taking sibutramine,
five taking placebo), and 11 completed the full 16 weeks.
There were no significant differences between groups on
mean loss of weight (sibutramine, –8.2 lb; placebo, –9.2 lb)

or body mass index (sibutramine, –1.32 kg/m2; placebo,
–1.46 kg/m2) in a last-observation-carried-forward analy-
sis. The small number of subjects and high dropout rate
may have limited the opportunity to detect differences be-
tween groups.

While generally well tolerated, sibutramine can affect
heart rate (average increase, 3–4 beats/minute) and blood
pressure (average increase, 2 mm Hg) (17). The adverse ef-
fects of sibutramine in a phase I trial, in which partici-
pants received up to 30 mg/day, included insomnia, rapid
heart rate, and diastolic hypertension. For participants re-
ceiving up to 20 mg/day, nausea, insomnia, dry mouth,
rhinitis, and constipation were noted (18, 19).

We conducted a 12-week double-blind, placebo-con-
trolled trial, adding sibutramine or placebo to the medica-
tion regimens of schizophrenia subjects with olanzapine-
associated weight gain. We chose olanzapine-treated sub-
jects for this study because weight gain is often the most
problematic side effect of this otherwise well-tolerated
and effective agent.

Method

Subjects

This 12-week double-blind, placebo-controlled, randomized
trial was conducted in the adult outpatient clinic of an urban
mental health center. The study was approved by the institutional
review board of the Massachusetts Department of Mental Health.
Subjects were assessed by the investigators for capacity to provide
informed consent. All participants received a full explanation of
the nature of the study and were required to take a quiz to ensure

FIGURE 2. Change in Body Weight Among Patients in a
Placebo-Controlled Trial of Sibutramine for Olanzapine-
Associated Weight Gain

a Numbers of subjects differ from those shown because of varying
patterns of missing data.
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TABLE 2. Anthropometric and Cardiovascular Measurements 

Baseline

Placebo Sibutramine

Measurement Mean SD Mean SD
Anthropometric

Body weight (lb) 240.3 40.1 226.5 34.6
Body mass index (kg/m2) 38.4 9.1 34.3 5.8
Waist circumference (cm) 114.1 11.3 109.4 10.6
Hip circumference (cm) 123.0 15.1 116.8 12.0
Waist-hip ratio 1.081 0.111 1.061 0.085
Abdomen circumference (cm) 124.3 13.7 115.9 10.3
Neck circumference (cm) 42.2 3.7 40.5 3.3
Body fat (%) 34.0 8.4 38.4 6.0

Cardiovascular
Blood pressure

Systolic (mm Hg) 128.9 10.8 127.9 15.4
Diastolic (mm Hg) 87.4 6.8 87.3 13.1

Heart rate while seated (bpm) 82.8 9.3 83.1 13.0
ECG

Q-T interval (msec) 0.37 0.02 0.37 0.03
QTc interval (msec) 0.42 0.03 0.42 0.02
QRS interval (msec) 0.08 0.01 0.08 0.01
Rate (bpm) 78.3 9.9 80.5 12.2

a Numbers of subjects vary because of different patterns of missing
data.

b Significant difference between groups in change from baseline,
controlled for baseline levels (p<0.05, two-tailed t test).

c Significant difference between groups in change from baseline,
controlled for baseline levels (p<0.001, two-tailed t test).

d Significant difference between groups in change from baseline,
controlled for baseline levels (p<0.005, two-tailed t test).
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their understanding of the study. After providing written in-
formed consent, each subject underwent a diagnostic evaluation
by a research psychiatrist (D.C.H.) using the Structured Clinical
Interview for DSM-IV (22).

Olanzapine-treated patients with a history of weight gain asso-
ciated with the drug and with the diagnosis of schizophrenia or
schizoaffective disorder were recruited for the study. Patients
were included in the study if they met the following criteria: age of
18–65 years, well-established compliance with outpatient medi-
cation regimens, stable dose of olanzapine for at least 4 months,
and no exposure to tricyclic, selective serotonin reuptake inhibi-
tor (SSRI), or monoamine oxidase inhibitor antidepressants for 1
month. Additionally, the patients were required to have a body
mass index of ≥30 kg/m2 or a body mass index of 27 kg/m2 plus
another risk factor for cardiovascular disease (hypertension, lipid
abnormality, diabetes mellitus).

Subjects were excluded from the study if they were unable to
provide informed consent, had current substance abuse or signif-
icant medical illness (including hepatic or renal disease), had un-
treated hypertension, had a history of intolerance of sibutramine,
were pregnant or breast-feeding, were receiving treatment with
agents that induce weight loss, had a history of glaucoma, had
heart disease or an abnormal electrocardiogram, or were being
treated with antimigraine agents containing serotonin agonists.
The patient’s clinic chart was reviewed, the preolanzapine weight
was recorded, and the patient’s clinician was consulted to vali-
date the diagnostic assessment. The subjects’ prestudy medica-
tion regimens were maintained throughout the 12-week trial. Af-
ter completing baseline assessments, the subjects were randomly
assigned by a research pharmacist to sibutramine and placebo.

Procedure

Each subject was given a 1-week supply of 5-mg sibutramine
capsules or identical-appearing placebo capsules and instructed
to take two capsules daily. Research psychiatrists (D.C.H., D.C.G.,
P.M.L.) were allowed to decrease the dose of the study medication

to one capsule a day, as indicated for intolerable side effects. After
4 weeks, the dose was increased to three capsules, as tolerated.

For the first 8 weeks, the participants attended a weekly 1-hour
group meeting that incorporated weight education, behavior
modification, and group support to facilitate healthy dietary
changes. Videotapes covered the “Food Guide Pyramid” and “Di-
etary Guidelines for Americans” from the U.S. Department of Ag-
riculture (23). Weekly goals for meal planning, portion control,
food preparation, healthy snacking, and exercise were discussed
in the group sessions and followed up in individual meetings
with the group leader.

Assessments

Anthropometric, nutrition, and activity assessments.
Weight loss was the principal measure of efficacy. Each subject’s
body weight and body mass index were measured at baseline,
weekly for the first 8 weeks of the study, and at week 12. Waist cir-
cumference was measured at baseline, week 8, and week 12. The
waist-to-hip ratio was recorded as the narrowest waist measure-
ment relative to the widest hip circumference to provide informa-
tion regarding body fat distribution (24–26). The percentage of
body fat was calculated from skinfold measurements of the bi-
ceps, triceps, suprailiac region, and subscapular region (27, 28).

Overall behavior was assessed with a survey of food intake and
dietary habits weekly for the first 8 weeks and at week 12 or study
end. The subjects’ adherence to and success with individual di-
etary goals were assessed weekly for the first 8 weeks of the study
in the behavioral nutrition group meetings and at termination, by
using a 4-day food record. The food frequency questionnaire was
administered at baseline and week 12. Energy and nutrient intake
was analyzed by using an extensive nutrient database (Minnesota
Nutrient Data System) (29, 30).

A quantitative activity questionnaire, the Modifiable Activity
Questionnaire (31), was used to assess both leisure and occupa-
tional activity components. The questionnaire is administered by
an interviewer and assesses activity for the past 12 months. The

for Patients Receiving Placebo (N=18) or Sibutramine (N=9) for Olanzapine-Associated Weight Gain

Week 4 Week 8 Week 12

Placebo Sibutramine Placebo Sibutramine Placebo Sibutramine

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

238.1 39.7 213.9 28.6 248.3 37.8 212.1 28.3 248.8 37.2 211.4b 31.1
36.8 6.4 31.8 4.2 39.9 9.0 31.6b 4.0 39.9 8.9 30.9c 4.1

— — — — 115.6 12.3 104.9 9.6 114.8 9.8 103.3d 9.6
— — — — 123.1 13.8 111.9 5.8 120.3 12.6 111.7 7.1
— — — — 1.068 0.090 1.072 0.069 1.050 0.096 1.086b 0.078
— — — — 123.9 16.6 111.5 10.2 121.8 10.4 111.15 10.86
— — — — 41.5 4.7 39.9 3.0 41.5 4.7 40.1 3.1
— — — — 38.0 3.9 38.1 6.2 37.8 4.5 37.9 6.2

125.1 9.2 125.1 10.1 124.7 12.5 127.1 14.8 121.5 13.5 131.4b 13.5
82.5 7.1 86.6 12.1 84.6 8.2 87.2 10.4 84.5 9.8 90.6 8.7
80.4 14.2 81.8 8.6 87.2 13.3 86.4 11.7 81.2 12.0 84.1 11.9

0.36 0.03 0.37 0.03 — — — — 0.37 0.03 0.37 0.03
0.39 0.03 0.42 0.02 — — — — 0.42 0.03 0.41 0.02
0.09 0.01 0.14 0.21 — — — — 0.15 0.23 0.09 0.01

75.7 12.0. 78.9 10.4 — — — — 79.4 17.2 79.2 12.7
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Positive and Negative Syndrome Scale (32, 33) was administered
at baseline and biweekly for the first 8 weeks and at week 12. The
Scale for the Assessment of Negative Symptoms (SANS) (34) and
the Global Assessment Scale (GAS) (35) were administered at
baseline, week 4, week 8, and week 12 or termination. Extrapyra-
midal side effects were assessed with the Hillside Akathisia Scale
(36) and Abnormal Involuntary Movements Scale (AIMS) (37) at
baseline, week 4, week 8, and week 12 or termination from the
study.

Laboratory analysis. A certified central laboratory performed
all analyses. Plasma concentrations of triglycerides, cholesterol,
HDL, and low-density lipoprotein (LDL) were measured at base-
line and at the end of weeks 4 and 12. Total plasma cholesterol
and triglyceride levels were measured enzymatically (38), and the
HDL cholesterol fraction was measured after precipitation of low-
density and very-low-density lipoproteins with dextran sulfate-
magnesium (39). LDL cholesterol values were estimated indi-
rectly for participants with plasma triglyceride levels less than
4.52 mmol/liter (40). Safety laboratory tests, including complete
blood count, creatinine, and liver function tests, based on stan-
dard hematological and clinical chemistry values, were per-
formed at baseline, week 4, and week 12. The hemoglobin A1c

level was measured by high-performance liquid chromatography
after overnight dialysis against normal saline to remove the labile
fraction (41). Olanzapine serum levels were measured at baseline
and week 4 and were analyzed by using gas chromatography.

Statistical Analysis

The data were analyzed by the Biostatistics Center at the Mas-
sachusetts General Hospital and the Schizophrenia Program by
using the SAS statistical package, version 8.2 (SAS, Cary, N.C.). All
statistical tests were two-tailed, and significance was determined
at the 0.05 level. Student’s t tests, Fisher’s exact tests, and Pear-
son’s correlations were used as appropriate. An intent-to-treat
analysis was performed, and all available data were analyzed. For
all outcome measures, including body weight, body mass index,
laboratory assessments, and clinical rating scale scores, we ana-
lyzed the change from baseline by using a repeated-measures
analysis of covariance, controlling for baseline.

A sequential testing procedure was used, and the difference at
12 weeks was tested first. The week 8 difference was tested only if
the week 12 difference was significant, and the week 4 difference
was tested only if the week 8 difference was significant.

To assess the possible correlations of baseline covariates with
changes in weight and body mass index in the sibutramine-
treated group, the slopes of weight and body mass index over time
were calculated for each subject. Analyses of variance were used
to test the associations of the slopes with categorical baseline co-
variates, while Pearson correlations were used to test the associa-
tions with continuous baseline covariates.

Results

Enrollment and Demographic Characteristics

Fifty subjects were screened, and 43 were enrolled (Fig-
ure 1). Six of these subjects were not assigned to treat-
ments for the following reasons: abnormal ECG (N=1),
lack of commitment to the study (N=4), and loss of contact
(N=1). Thirty-seven subjects were randomly assigned to
either sibutramine (N=19) or placebo (N=18). In all, six
subjects (16%) did not complete the study. The propor-
tions of patients who withdrew from the study were simi-
lar for sibutramine (16%) and placebo (17%). The reasons
for dropping out of the study are summarized in Figure 1.

The demographic data are summarized in Table 1.
There were no significant differences between the two
groups with regard to gender, age, race or ethnicity, mari-
tal status, and diagnosis. Weight, body mass index, esti-
mated weight gain from olanzapine, lowest weight since
the age of 21, and systolic and diastolic blood pressures
did not differ significantly between the sibutramine group
and the placebo group at baseline.

TABLE 3. Laboratory Measurements for Patients Receiving Placebo (N=18) or Sibutramine (N=19) for Olanzapine-Associated
Weight Gaina

Baseline Week 4 Week 12

Placebo Sibutramine Placebo Sibutramine Placebo Sibutramine

Measurement Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Lipids

Total (mg/dl) 223.6 33.4 213.4 32.6 228.9 39.9 186.6 44.4 232.8 41.6 202.7 52.5
HDL (mg/dl) 40.9 12.6 38.4 14.5 39.4 9.9 36.4 11.2 36.8 10.1 38.1 13.1
LDL (mg/dl) 134.4 31.7 129.1 24.7 136.3 50.0 105.2 30.6 146.4 43.4 112.6 38.9
Triglycerides (mg/dl) 247.8 116.8 251.6 216.8 233.3 95.7 215.9 124.4 274.7 181.0 286.6 312.2

Glucose (mg/dl) 89.5 21.5 100.2 29.0 103.0 39.4 89.4 28.0 84.8 28.8 88.6 27.3
Uric acid (mg/dl) 5.7 2.0 5.7 1.2 5.9 1.7 5.6 1.2 6.1 1.5 5.6 1.7
Cortisol (µg/dl) 9.5 4.8 8.4 3.9 8.9 4.0 8.6 4.2 9.6 4.6 10.4 4.9
Hemoglobin A1c (%) 5.7 0.9 5.6 1.0 5.7 0.8 5.3 0.7 6.0 1.0 5.3b 0.7
Liver function

Alkaline phosphatase (U/liter) 111.3 45.5 112.6 65.9 112.7 64.2 91.1 27.2 107.8 59.9 93.2 34.6
SGOT (U/liter) 30.9 16.0 26.6 14.2 42.1 34.3 21.3 5.1 30.2 14.2 21.3 5.8
SGPT (U/liter) 38.7 27.4 27.7 12.4 44.1 34.6 24.4 10.2 35.9 21.3 24.5 6.0
Lactate dehydrogenase (U/liter) 187.3 42.4 173.2 53.7 202.9 46.7 161.9 28.8 199.4 62.0 171.2 40.6

BUN (mg/dl) 14.3 3.7 13.2 4.1 13.9 4.8 14.7 3.0 14.3 5.5 12.5 2.9
Creatinine (mg/dl) 1.0 0.1 1.1 0.2 1.0 0.1 1.1 0.1 1.1 0.2 1.1 0.2
T3 uptake (%) 29.2 2.7 30.8 2.4 29.9 2.6 32.1 2.7 30.2 2.4 30.5 1.3
T4 thyroxine (µg/dl) 7.5 1.3 7.0 1.2 7.7 1.2 7.4 1.3 7.2 1.3 7.3 1.4
Free thyroxine index (T3×T4) 2.2 0.4 2.1 0.4 2.3 0.4 2.4 0.4 2.2 0.5 2.3 0.4
Olanzapine (ng/ml) 43.3 39.7 27.2 17.6 45.3 54.2 27.8 17.8 — — — —
a Numbers of subjects vary because of different patterns of missing data.
b Significant difference between groups in change from baseline, controlled for baseline levels (p<0.05, two-tailed t test).
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Anthropometric and Laboratory Assessments

Table 2 shows the change in weight for both groups. No
significant difference in weight loss was found between the
two groups at weeks 4 and 8. However, at week 12 the si-
butramine group exhibited significantly greater weight loss
than the placebo group (t=–2.73, df=52, p=0.009) (Figure 2).
Reduction of body mass index was significantly greater for
the sibutramine group than for the placebo group at week 8
(t=–2.47, df=51, p=0.02) and week 12 (t=–3.88, df=51, p=
0.0003) (Figure 2). In addition, the decrease in waist mea-
surement (t=–3.22, df=25, p<0.004) and the increase in waist-
hip ratio (t=2.93, df=25, p=0.007) were significantly greater at
week 12 in the sibutramine group than in the placebo group.
Changes in measurements of abdominal circumference,
neck circumference, and percentage body fat did not differ
between groups. Changes in body mass index and weight did
not correlate with age, dose of olanzapine, historic lowest
weight, baseline weight, weight gain with olanzapine, age at
onset of schizophrenia, or educational level.

Throughout the study, there were few clinically signifi-
cant changes in hematological and biochemical labora-
tory parameters (Table 3). However, the mean decrease in
hemoglobin A1c was significantly greater in the sibutra-
mine group at week 12 (t=–2.93, df=20, p=0.008), with the
baseline level controlled, suggesting an improvement in
glucose metabolism. There were no differences between
the groups at week 12 in measurements of random glu-
cose, uric acid, cortisol, liver functioning, blood urea
nitrogen, creatinine, thyroid functioning, or lipids. Ad-
ditionally, olanzapine blood levels did not change signifi-
cantly in either group during the course of the study.

Clinical Psychiatric Ratings

Overall, no significant differences between groups were
found on the Positive and Negative Syndrome Scale total

score and subscale scores, except at week 12, when the

placebo group had a lower score than the sibutramine

group on the negative symptoms subscale (t=2.04, df=43,

p=0.05). However, the difference in negative symptoms

was not evident on the SANS total score. There were no

differences between the groups with respect to the AIMS,

the GAS, and the Hillside Akathisia Scale (Table 4).

Dietary Intake

The food frequency questionnaire and the 4-day food

record revealed few differences between the two groups in

dietary intake from baseline to week 12 (Table 5). Although

not statistically significant, both groups demonstrated re-

ductions in total calories. The sibutramine group showed

a significant decrease in total grams of polyunsaturated

fatty acids at week 12 (t=–2.31, df=13, p=0.04) and in the

percentage of calories from polyunsaturated fatty acids at

week 12 (t=–2.42, df=13, p=0.03).

Although the difference was not statistically significant,

nighttime snacking decreased in the sibutramine group,

and both groups reported reductions in “overeating” that

persisted throughout the study. Additionally, both groups

reported reductions in eating “empty calorie” foods (cook-

ies, chips, ice cream, french fries, cake, and pie), total calo-

ries, calories from fat, calories from sweets, fat servings, and

intake (grams) of carbohydrates, total fat, and saturated fat.

The percentage of calories from protein at week 12, with the

baseline level controlled, was significantly increased in the

placebo group (t=–2.29, df=21, p=0.03). Although not statis-

tically significant, the sibutramine group also reported a re-

duction in meat servings. Vegetable servings increased

significantly, however, when the analysis controlled for

baseline, in the placebo group (t=–2.13, df=21, p=0.05).

TABLE 4. Clinical Ratings of Patients Receiving Placebo (N=18) or Sibutramine (N=19) for Olanzapine-Associated Weight Gaina

Baseline Week 4 Week 8 Week 12

Placebo Sibutramine Placebo Sibutramine Placebo Sibutramine Placebo Sibutramine

Rating Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Abnormal Involuntary 

Movement Scale (37) 
score 1.9 2.2 1.8 1.8 1.3 1.7 1.9 1.6 1.2 1.1 2.2 2.2 0.9 1.2 2.2 1.5

Global Assessment Scale 
(35) score 57.9 8.2 59.7 7.0 60.4 10.3 59.6 9.2 61.8 7.8 61.1 7.4 61.5 7.5 60.0 7.1

Hillside Akathisia Scale 
(36) score 1.8 3.3 0.2 1.0 0.4 0.9 0.3 1.1 0.7 1.7 1.1 2.1 0.8 1.8 1.1 2.4

Positive and Negative 
Syndrome Scale (32, 33) 
scores

Total 57.4 13.6 54.9 7.1 53.7 10.5 54.9 7.1 56.8 12.4 53.2 7.3 51.9 11.2 53.0 4.5
Negative symptoms 15.9 5.4 15.4 4.0 16.7 6.9 14.6 5.2 15.5 5.9 15.6 4.7 13.4 4.5 16.0b 3.7
Positive symptoms 12.9 4.8 13.8 4.2 11.6 3.8 13.5 4.0 13.2 4.6 12.8 3.3 12.2 5.6 12.3 2.7
Positive+negative 28.8 8.0 28.8 4.2 28.4 7.2 28.1 6.3 28.8 8.1 28.4 5.5 25.6 7.6 28.3 3.8
Depression 10.1 3.0 9.7 3.8 7.0 4.5 8.1 4.9 7.1 4.7 6.7 4.7 7.3 5.1 6.3 4.9

Scale for the Assessment 
of Negative Symptoms 
(34) score 34.3 16.7 29.1 10.3 35.9 15.7 32.0 15.0 33.1 10.4 28.8 16.8 31.9 11.8 34.4 9.9

a Numbers of subjects vary because of different patterns of missing data.
b Significant difference between groups in change from baseline, controlled for baseline levels (p<0.05, two-tailed t test).
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Adverse Events

Diastolic blood pressure, heart rate, and most ECG vari-
ables did not differ significantly between groups through-
out the study. Systolic blood pressure increased signifi-
cantly in the sibutramine group at week 12 (t=2.23, df=51,
p=0.04). Dry mouth, constipation, blurred vision, exces-
sive thirst (anticholinergic side effects), interrupted sleep,
and shortened sleep increased in more than 5% of the sub-
jects in the sibutramine group, and increases in these con-
ditions occurred in at least twice as many patients in the
sibutramine group as in the placebo group. On the other
hand, dizziness increased to a greater degree in the pla-
cebo group (Table 6). No subjects were withdrawn from
the study because of adverse events.

Three-Month Follow-Up

Ten placebo subjects and 12 sibutramine subjects re-
turned 3 months after the end of the study for a follow-up
assessment. While body mass index, weight, waist circum-
ference, and waist-hip ratio had decreased significantly at
week 12, the change from baseline of the sibutramine group

was not statistically different from that of the placebo group
for waist circumference (sibutramine: mean=–5.3 cm, SD=
8.0; placebo: mean=2.3 cm, SD=16.7), waist-hip ratio (si-
butramine: mean=0.03, SD=0.05; placebo: mean=–0.1, SD=
0.2), weight (sibutramine: mean=–5.7 lb, SD=14.9; placebo:
mean=0.3 lb, SD=15.8), or body mass index (sibutramine:
mean=–0.2 kg/m2, SD=2.9; placebo: mean=0.04 kg/m2, SD=
2.5) at the time of the 3-month follow-up.

Discussion

In this randomized trial, subjects who received sibutra-
mine lost significantly more weight during 12 weeks of
therapy than subjects who received placebo. The results
are consistent with those from previous studies of sibutra-
mine in obese patients. In this study, sibutramine, com-
bined with group and individual behavioral nutrition
counseling, was effective for weight loss in overweight and
obese olanzapine-treated subjects over a 12-week period.
The subjects showed significantly greater weight loss than
those taking placebo, while also reducing body mass in-

TABLE 5. Dietary Assessments of Patients Receiving Placebo or Sibutramine for Olanzapine-Associated Weight Gain

Baseline Week 4 Week 12

Placebo Sibutramine Placebo Sibutramine Placebo Sibutramine

Assessment of Daily Diet Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Responses to food frequency 

questionnairea

Total calories (kcal) 1912.9 869.7 1784.7 743.8 — — — — 1575.8 393.3 1355.8 798.6
Percent of calories

Carbohydrates 47.5 8.1 47.1 10.5 — — — — 46.6 10.0 49.5 7.9
Protein 15.5 2.7 14.4 3.2 — — — — 17.8 3.0 15.4b 2.8
Fat 38.1 7.8 39.6 8.3 — — — — 36.7 9.3 36.3 6.0
Sweets 18.4 14.1 22.7 12.0 — — — — 14.9 7.1 18.4 9.6

Intake (g)
Carbohydrates 225.3 116.4 213.4 101.5 — — — — 180.7 49.5 162.5 89.3
Protein 73.5 32.3 64.4 32.0 — — — — 68.9 18.6 52.0 33.7
Total fat 82.0 39.8 76.5 34.3 — — — — 65.2 25.2 55.2 36.0
Saturated fat 29.4 14.8 27.0 12.6 — — — — 24.2 9.9 19.4 16.0

Servings
Fruit 1.0 0.9 1.1 0.8 — — — — 1.0 1.0 0.9 0.9
Vegetables 0.8 0.5 0.9 0.6 — — — — 1.2 0.8 0.8b 0.4
Grains 5.1 4.1 4.0 2.6 — — — — 3.2 1.3 2.8 1.7
Dairy products 2.1 1.3 1.5 1.3 — — — — 2.4 1.8 2.0 2.5
Meat 1.8 1.2 1.7 1.2 — — — — 1.8 0.9 1.1 0.6
Fat 4.0 3.0 4.4 2.6 — — — — 3.2 2.1 3.2 2.7

Data from 4-day food recordsc

Total calories (kcal) 1577.4 702.7 1520.9 949.4 1288.3 918.9 1372.4 810.2 1578.6 471.9 1344.3 930.0
Percent of calories

Carbohydrates 50.5 11.5 50.3 13.6 52.5 8.8 55.7 16.6 43.8 5.8 48.9 3.5
Protein 14.4 3.4 14.4 4.1 13.4 5.1 18.2 7.4 20.3 1.5 15.7 3.2
Fat 36.3 9.6 36.3 11.0 35.7 4.8 27.6 8.8 36.9 3.9 30.4 11.6
Polyunsaturated fatty acids 7.4 3.8 7.9 4.5 7.7 2.8 4.8 2.2 8.6 2.5 5.3b 2.6

Intake
Carbohydrates (g) 195.7 88.1 192.5 130.0 167.8 124.6 185.1 100.3 167.9 28.6 166.2 115.8
Sucrose (g) 37.8 25.0 36.0 29.1 36.6 29.7 24.5 22.0 34.7 17.4 24.3 20.7
Protein (g) 58.0 31.7 50.4 31.2 47.5 44.8 62.7 45.0 80.8 29.7 54.4 35.7
Total fat (g) 64.4 36.8 62.4 51.2 49.8 30.9 44.6 33.2 66.1 26.5 50.9 36.9
Polyunsaturated fatty acids (g) 13.4 10.3 12.1 9.8 8.9 5.1 7.3 5.4 15.1 5.8 9.4b 6.8
Total fiber (g) 11.5 6.5 10.0 6.2 11.8 10.8 10.7 6.7 13.1 2.3 11.2 7.7
Sodium (mg) 2921.4 1811.7 2240.1 1252.7 1919.0 1168.0 2273.4 1657.6 3033.8 820.2 2278.5 1525.5
Snacking (nights/week) 2.3 0.8 3.3 1.0 — — — — 2.0 2.8 2.3 1.7

a N=17 for placebo and for sibutramine.
b Significant difference between groups in change from baseline, controlled for baseline levels (p<0.05, two-tailed t test).
c N=16 for placebo and N=14 for sibutramine.
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dex, waist circumference, and the waist-hip ratio; these
changes represent a substantial reduction in cardiovascu-
lar risk factors. There was a significant improvement in he-
moglobin A1C in the sibutramine group, suggesting, as ex-
pected, that weight loss in this group had a positive impact
on glucose metabolism. Weight loss did not result in im-
provements on any lipid measurement, suggesting that
other mechanisms are responsible for olanzapine-associ-
ated hyperlipidemia.

The reductions in weight, body mass index, waist cir-
cumference, and waist-hip ratio were not sustained at 3
months following the study completion. The subjects who
received sibutramine gained weight and returned to near
their baseline weight. This suggests that, as expected, the
benefits of sibutramine do not continue after discontinua-
tion of the drug.

In reversing olanzapine-associated weight gain, sibutra-
mine may provide a clue as to the mechanism of olanza-
pine’s metabolic effects. Sibutramine acts as an agonist at
the 5-HT2C receptor, and a polymorphism of the promoter
region of the serotonin 5-HT2C receptor gene has been as-
sociated with antipsychotic-induced weight gain (42).
Among 32 Chinese patients with first-episode schizophre-
nia, the 10 who had the –759C/T polymorphism showed
significantly less weight gain with clozapine than those
without this allele. Olanzapine acts as an antagonist at the
5-HT2C receptor. It is possible that sibutramine’s competi-
tive agonist effect at the 5-HT2C receptor decreases an
olanzapine-induced increase in appetite (43).

Following a physical examination, baseline safety as-
sessments, and an ECG, sibutramine appeared to be safe
and effective at a dose of 10 or 15 mg/day in overweight
and obese schizophrenia subjects. Sibutramine was well
tolerated, and no serious adverse events occurred. There
were no changes in the results of safety assessments, in-
cluding renal, hepatic, and thyroid tests. Olanzapine
blood levels were not altered. While weight loss is usually
associated with a decrease in blood pressure, we observed
a mild increase in systolic blood pressure. Typical sibutra-
mine-related side effects, including dry mouth and consti-
pation, were observed. However, the dropout rates in the
two groups were similar.

Sibutramine did not worsen psychotic symptoms.
Whereas the negative symptoms subscore on the Positive
and Negative Syndrome Scale decreased significantly
more in the placebo group than in the sibutramine group,
changes in negative symptoms were not evident on the
SANS for either group.

Limitations

The results of this study may not be generalizable to
other populations, particularly in the absence of a nutri-
tional counseling program. Sibutramine was not adminis-
tered to patients taking other serotonergic agents, such as
SSRIs and migraine medications. Sibutramine should be

used with caution in patients treated with SSRIs, as the

risk of serotonin syndrome may be increased. It is also not

clear if sibutramine would be an effective weight loss

agent in patients treated with other medications that

cause significant weight gain, such as clozapine. Addition-

ally, this clinical trial was short (12 weeks), and it is not

clear whether the observed weight reductions can be

maintained with long-term use of sibutramine.

Conclusions

Sibutramine treatment improved several health status

markers that are predictive of cardiovascular disease. This

degree of weight loss in obese schizophrenia patients

could, if sustained, substantially reduce morbidity and

mortality. Sibutramine appeared to be a safe and effective

weight loss agent in this study group. Clinicians should

consult with primary care clinicians to determine the

safety and necessity of sibutramine for individual patients.

Additional studies are necessary to establish the long-

term weight loss effectiveness and safety in schizophrenia

patients whose weight gain from antipsychotic medica-

tions jeopardizes their cardiovascular health.
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TABLE 6. Patients Who Reported Adverse Events in a 12-
Week Placebo-Controlled Trial of Sibutramine for Olanza-
pine-Associated Weight Gain

Patients Reporting Adverse Event, 
Controlled for Baseline Level

Placebo (N=17) Sibutramine (N=19)

Adverse Event N % N %
Rapid heart rate 1 6 2 11
Headaches 5 29 4 21
Difficulty falling asleep 5 29 7 37
Interrupted sleepa 1 6 5 26
Shortened sleepa 2 12 5 26
Early waking 3 18 3 16
Decreased appetite 11 65 12 63
Excessive appetite 6 35 3 16
Excessive thirsta 2 12 5 26
Dry moutha 2 12 8 42
Nausea 6 35 4 21
Constipationa 2 12 5 26
Rhinitis 4 24 4 21
Dizziness 3 18 1 5
Blurred visiona 1 6 3 16
a Occurred in more than 5% of the patients taking sibutramine and

was at least twice as common as in the placebo group.
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