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n improved treatment for schizophrenia has
emerged with the development of novel atypical
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Background: Weight change and the weight-
related health factors of nonfasting serum glu-
cose, serum cholesterol, and diastolic blood
pressure levels were analyzed in patients with
DSM-III-R schizophrenia and related disorders
who received treatment with olanzapine for up to
3 years, and comparisons were made to patients
treated with haloperidol. Baseline body mass in-
dex (BBMI; kg/m2) and dose (mg/day) were in-
vestigated as predictors of long-term weight
change experienced during olanzapine treatment.

Method: This analysis retrospectively exam-
ined 573 patients receiving olanzapine and 103
patients receiving haloperidol for 39 weeks or
more from a study of 1996 patients randomly
assigned 2:1 to either olanzapine, 5 to 20 mg/day,
or haloperidol, 5 to 20 mg/day. After 6 weeks of
acute therapy, patients continued for 1 year or
more with either double-blind or open-label
olanzapine therapy or double-blind haloperidol
therapy.

Results: Mean weight gain for olanzapine-
treated patients observed for a median of 2.54
years trended toward a plateau after the first 39
weeks of treatment with a last-observation-
carried-forward mean weight change of 6.26 kg
(13.8 lb) and a median of 5.90 kg (13.0 lb). This
was significantly higher than that for haloperidol-
treated patients, whose mean weight gain was
0.69 kg (1.5 lb) after 1.15 years (p < .001).
Patients with higher BBMI (> 27.6) gained
significantly less weight during treatment
with olanzapine than their lighter counterparts
(BBMI < 27.6) (p < .001). The effect of olanza-
pine dose on weight was not significant
(p ≥ .183). Median serum glucose at endpoint
was not significantly associated (p = .096) with
weight change for olanzapine. Median serum
cholesterol and diastolic blood pressure for
olanzapine-treated patients at endpoint showed
a relationship with weight change that was statis-
tically (p ≤ .001) but not clinically significant.
The difference in incidence of elevated serum
glucose, cholesterol, or diastolic blood pressure
between olanzapine and haloperidol therapy
groups was not different (p > .05).

Conclusion: Mean weight gain during olanza-
pine treatment trended toward a plateau after the
initial 39 weeks of treatment with no further sig-
nificant gain out to 3 years. Higher BBMI was
predictive of a lower long-term weight gain,

while dose was not a significant predictor of
greater longer term weight change. The relation-
ship between weight change and glucose was not
statistically significant. The association between
weight change and changes in cholesterol as well
as changes in diastolic blood pressure was statis-
tically significant but not considered clinically
relevant based on the ranges observed.

(J Clin Psychiatry 2001;62:92–100)

Received March 21, 2000; accepted Dec. 21, 2000. From Lilly
Research Laboratories, Eli Lilly and Company, Lilly Corporate Center,
Indianapolis, Ind.

Sponsored by Eli Lilly and Company.
Reprint requests to: Bruce J. Kinon, M.D., Lilly Research

Laboratories, Eli Lilly and Company, Lilly Corporate Center, Drop Code
4133, Indianapolis, IN�46285.

A
antipsychotic drugs. Unlike conventional antipsychotic
drugs, novel agents have been shown to improve positive,
negative, and mood symptoms of schizophrenia. Olanza-
pine is an atypical antipsychotic drug and has been dem-
onstrated to safely and effectively decrease each of these
dimensions of the overall psychopathology of schizophre-
nia,1–3 and there are preliminary indications of efficacy in
the cognitive symptoms of schizophrenia.4 However, as
with several of its conventional and atypical counterparts,
weight change has occurred after olanzapine treatment in
a proportion of patients undergoing pharmacotherapy.5,6

Weight change has been a reported side effect of anti-
psychotic drug use for over 30 years7 and has been shown
to occur during both conventional (for example, haloperi-
dol and chlorpromazine) and novel (for example, risperi-
done, sertindole, quetiapine, and clozapine) antipsychotic
drug treatment,8 although in general the phenomenon
is self-limiting in that it appears to plateau over time.9,10

Recent reports suggest an association between antipsy-
chotic drug treatment and diabetes mellitus11,12 and cardio-
vascular disease.13,14 It is, however, important to note that
the base rate of such disorders in schizophrenia has been
speculated to be higher than that seen in the general popu-
lation.15–17 In fact, a recently published study found that
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the rates of diagnosed diabetes in schizophrenia exceeded
the trend of the general population well before the wide-
spread use of the new antipsychotic medications.18 It there-
fore remains unclear whether any possible association
between olanzapine and diabetes exceeds the expected in-
cidence of diabetes in the general population. Moreover,
previous reports have been confined to relatively short ob-
servation periods and relatively small sample sizes, and
there is a paucity of published information on the long-
term effects of novel antipsychotic drug treatment and
weight change or weight-related health factors.

The objective of the present study was to investigate
weight changes in patients with schizophrenia or related
disorders who received treatment with olanzapine for up
to 3 years, the most extensive observation period to date,
and to determine whether 2 commonly implicated factors,
baseline body mass index (BBMI) and dose, were signifi-
cant predictors of long-term weight change. Contrasts with
haloperidol were considered to provide meaningful com-
parisons between an atypical antipsychotic drug and a con-
ventional antipsychotic drug, and these comparisons were
made whenever possible depending on the availability of
patients at relevant timepoints. An additional goal of this
analysis was to determine whether there was an associa-
tion between the amount of weight gained and patients’
endpoint nonfasting serum glucose, serum cholesterol, and
diastolic blood pressure levels. The use of endpoint analy-
ses may provide a relevant outcome risk after chronic
treatment over time. These analyses are limited to the
more specific effects of olanzapine treatment and weight
change and do not necessarily lend themselves to further
inference of metabolic issues related to olanzapine treat-
ment in general or to haloperidol treatment in general.

METHOD

Study Design and Patient Population
These analyses retrospectively examined a sample of

patients from a study of 1996 patients diagnosed with
DSM-III-R schizophrenia, schizoaffective, or schizo-
phreniform disorders. Six hundred seventy-six patients
(35%) of 1936 patients with evaluable weight-change data
were included in this analysis; 573 received olanzapine
and 103 patients received haloperidol. Patients were ran-
domly assigned in a 2:1 ratio to either olanzapine, 5 to 20
mg/day, or haloperidol, 5 to 20 mg/day. Patients began
6 weeks of double-blind therapy with a minimum Brief
Psychiatric Rating Scale (BPRS) total score of 36 (1 to 7
scale) and/or intolerance to current antipsychotic therapy
(excluding haloperidol), after which patients who met pre-
determined response criteria (40% decrease from baseline
in BPRS [0 to 6 scale] and at least 3 study weeks com-
pleted) were eligible to continue double-blind olanzapine
or haloperidol treatment. Patients not meeting the response
criteria were eligible to enter an open-label extension dur-

ing which they received olanzapine only. Three years of
study data were deemed an adequately long follow-up pe-
riod with a sufficiently large number of olanzapine-treated
patients (N = 147) observed at the 3-year timepoint to
draw meaningful conclusions. Written informed consent
was obtained from all participants, and institutional re-
view board approval was given at each of the study sites.

Statistical Method
SAS version 6.09 (SAS Institute, Cary, N.C.) was used

for all statistical analyses. Observed case weight-change
data were analyzed using repeated measures analysis of
variance (ANOVA) with time included as a class variable.
Weight, glucose, cholesterol, and standing diastolic blood
pressure data from weekly, monthly, or bimonthly time-
points were grouped into 3- to 6-month intervals (labeled
as 13, 26, and 39 weeks and 1, 1.5, 2, 2.5, and 3 years) in
order to facilitate model convergence. For each patient,
the last recorded observation in each interval was used. To
further characterize weight gain, the percentage of pa-
tients experiencing an increase of 7% or more of body
weight was determined.

Body mass index (BMI; weight [kg]/height [m2]) data
were collected and categorized into thirds based on the
distribution of values at baseline (BBMI) in this popula-
tion: ≤ 23.6 (low), > 23.6 to 27.6 (medium), and > 27.6
(high). Mean daily dose was determined for each patient
over the entire observation period and categorized accord-
ing to the nearest 5 ± 2.5-mg increment (5, 10, 15, and
> 15 mg/day). Both dose and BBMI factors were then
evaluated as predictors of weight change.

Prevalence and incidence of laboratory and vital sign
parameters above cutoff (≥ 160 mg/dL random nonfasting
glucose,19 ≥ 240 mg/dL random nonfasting blood choles-
terol,20 diastolic blood pressure ≥ 90 mm Hg20) and median
values at baseline and endpoint for these parameters were
calculated. The relationship between last-observation-
carried-forward (LOCF) weight change and LOCF labo-
ratory and vital sign values was determined using the
Kruskal-Wallis test,21 and the relationship between weight
change and incidence of elevated laboratory/vital sign
parameters was determined using the Cochran-Mantel-
Haenszel test.22 Fasting laboratory values were not mea-
sured in this study due in part to the difficulty of obtaining
reliable samples in this clinical population and because it
was not required in the objective of the original protocol.

RESULTS

Weight Change During Long-Term Treatment
Of 573 olanzapine-treated patients, 293 were observed

for between 2.5 and 3 years, with 147 observed at the final
3-year timepoint. Of 103 haloperidol-treated patients, the
maximum time observed was 100 weeks (1.9 years).
Study group characteristics are presented in Table 1.
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Figure 1 illustrates the mean weight change over the
3-year period. A plateau in the olanzapine weight-change
data was defined to be that timepoint after which no fur-
ther significant pairwise differences in weight-change
data were seen. Accordingly, the within-group mean
weight change for olanzapine-treated patients at 39 weeks
was not significantly different from that seen at any of the
subsequent timepoints (p ≥ .077). Furthermore, there
were no significant differences in mean weight change
during olanzapine treatment seen between any of the
timepoints between 1 and 3 years, inclusively (p ≥ .140
for all comparisons). Weight change experienced during
haloperidol treatment remained below that of olanzapine
at all timepoints. Among 147 olanzapine-treated patients
who completed the entire 3-year observation period,
no significant differences between adjacent timepoints
were seen after 39 weeks (p ≥ .186 for all comparisons)
(Figure 2), and a level of plateau was similar to that dem-
onstrated in Figure 1.

Mean LOCF weight change for olanzapine-treated pa-
tients at endpoint after a median of 2.54 years of treatment
was 6.26 kg (13.8 lb) with a median of 5.90 kg (13.0 lb).

Table 1. Study Group Characteristicsa

Haloperidol Olanzapine
Characteristic (N = 103) (N = 573)
Length of treatment, median, wk 60 132
Age, mean ± SD, y 38.4 ± 11.7 39.4 ± 11.5
Gender

Male, N (%) 64 (62%) 367 (64%)
Female, N (%) 39 (38%) 206 (36%)

Baseline BPRS score, mean ± SD 33.5 ± 11.6 32.2 ± 10.2
Baseline BMI, mean ± SD 26.9 ± 5.9 26.2 ± 5.0
Daily dose (mg/d), mean ± SD 12.7 ± 5.0 15.1 ± 4.7
aThere were no statistically significant differences in patients’
characteristics between olanzapine and haloperidol groups except for
median length of treatment (p < .001). Abbreviations: BMI = body
mass index, BPRS = Brief Psychiatric Rating Scale.

Figure 1. Mean Change in Body Weight (kg) of Patients
Treated With Olanzapine (N = 573) or Haloperidol (N = 103)
From Baseline Out to 3 Years (observed cases)
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This was significantly higher than that for haloperidol-
treated patients, who gained a mean of 0.69 kg (1.5 lb) af-
ter a median of 1.15 years (p < .001). As shown in Figure
3, 26% of olanzapine-treated patients lost weight or gained
no weight, 44% of patients gained > 0 to 10 kg, 22% gained
> 10 to 20 kg, and 9% gained more than 20 kg. For halo-
peridol, 47% of patients lost weight or gained no weight,
44% gained > 0 to 10 kg, 9% gained >10 to 20 kg, and
3% gained more than 20 kg. Fifty-two percent of
olanzapine-treated patients gained > 7% of their body
weight, compared with 26% of haloperidol-treated patients.

Influence of BBMI and Dose on
Weight Change With Olanzapine

The effect of BBMI on weight change in olanzapine-
treated patients was significant at all timepoints after 13
weeks (p ≤ .002) (Figure 4). Patients with high BBMI
values (> 27.6) had a mean weight change that was sig-
nificantly less than that for patients with medium BBMI

Figure 2. Mean Change in Body Weight (kg) of Patients
Treated With Olanzapine (N = 147) Who Completed the
Entire 3-Year Observation Period (observed cases)
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Figure 3. Mean Change in Body Weight (kg) of Olanzapine-
Treated Patients (N = 573) and Haloperidol-Treated Patients
(N = 103) at Endpointa

aPatients were observed for 39 weeks or more (last observation carried
forward [LOCF]; median = 2.54 years).
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values (>23.6 to 27.6) or low BBMI values (≤ 23.6)
(p < .001; both). Mean LOCF weight changes were 3.82
kg, 6.88 kg, and 8.07 kg for patients with high, medium,
and low BBMI, respectively. Of patients with low BBMI,
85.0% had an endpoint BMI of either low or medium.

Dose was not a significant predictor of long-term
changes in weight with olanzapine treatment. As shown in
Figure 5, there were no significant differences in weight
change between flexible mean daily dose categories up to
3 years (p ≥ .183).

Because of the minimal weight gain experienced by a
minority of haloperidol-treated patients, predictive analy-
ses of BBMI and dose on weight gain were not reported
for haloperidol.

Weight Change and Nonfasting
Serum Glucose, Serum Cholesterol,
and Diastolic Blood Pressure Levels

Median nonfasting serum glucose for olanzapine-
treated patients (Table 2) at endpoint was significantly
higher than for haloperidol-treated patients (Table 3) (99.1

mg/dL vs. 93.7 mg/dL, respectively; p = .010). Of 545
olanzapine-treated patients whose nonfasting glucose was
< 160 mg/dL at baseline, 4.6% had a nonfasting glucose
level ≥ 160 mg/dL at endpoint irrespective of loss or gain
in weight. For haloperidol-treated patients, of 100 patients
whose nonfasting glucose was < 160 mg/dL at baseline,
5.0% had a nonfasting glucose level ≥ 160 mg/dL at end-
point irrespective of loss or gain in weight. The difference
in incidence of glucose levels ≥ 160 mg/dL at endpoint
(in patients with glucose levels < 160 mg/dL at baseline)
between the therapy groups was not significant (p = .798).
Because of the minimal weight gain experienced by a
minority of haloperidol-treated patients, analyses explor-
ing the relationship between weight change and non-
fasting glucose, cholesterol, and diastolic blood pressure
were not statistically analyzed for the haloperidol treat-
ment group but are shown descriptively in Table 3. No sig-
nificant association was observed among olanzapine-
treated patients between weight change and median
nonfasting blood glucose at endpoint (p = .096). The as-
sociation between weight change and the incidence of

Table 2. Median Baseline/Endpoint Glucose, Cholesterol, and Diastolic Blood Pressure Levels for Corresponding Weight Changes
for Olanzapine-Treated Patients Observed for 39 Weeks or More (LOCF)

Glucose, mg/dL Cholesterol, mg/dL   Diastolic Blood Pressure, mm Hg
Baseline Endpoint Baseline Endpoint Baseline Endpoint

Weight Interquartile Interquartile Interquartile Interquartile Interquartile Interquartile
Change N Median Range Median Range N Median Range Median Range N Median Range Median Range
Lost to 0 147 91.9 20.5 97.3 26.5 147 211.0 62.0 199.5 57.4 145 80.0 16.0 80.0 14.0
>0 to 10 252 93.0 20.8 98.5 25.9 252 199.3 61.3 203.4 58.3 249 80.0 16.0 80.0 18.0
>10 to 20 123 92.0 19.8 99.1 24.1 124 206.0 59.9 216.0 61.8 123 80.0 14.0 82.0 16.0
>20 to 30 38 89.5 19.8 104.7 27.3 38 193.5 45.5 226.3 57.1 38 80.0 20.0 85.5 13.0
>30 to 40 10 88.5 14.9 103.1 18.0 10 211.0 58.0 247.5 54.1 10 82.0 16.0 89.0 18.0
>40 to 50 1 86.5 0 100.9 0 1 269.9 0 288.9 0 1 70.0 0 80.0 0
Total 571 92.0 20.5 99.1 25.3 572 205.0 61.4 205.7 61.0 566 80.0 18.0 80.0 18.5

Figure 5. Mean Change in Body Weight (kg) by Mean
Olanzapine Dose (mg/day) of Olanzapine-Treated Patients
Observed 39 Weeks or Morea

a5 ± 2.5 mg/day: N = 47; 10 ± 2.5 mg/day: N = 124; 15 ± 2.5 mg/day:
N = 147; > 17.5 mg/day: N = 255 (observed cases). No significant
differences between mean daily dose categories over the entire study
period.

Figure 4. Mean Change in Body Weight (kg) by Baseline
Body Mass Index (BBMI) of Olanzapine-Treated Patients
Observed for 39 Weeks or Morea

aPatients were categorized by BBMI tertiles: low (≤ 23.6; N = 187),
medium (> 23.6 to 27.6; N = 192), and high (> 27.6; N = 186)
(observed cases).
*High BBMI group gained significantly less weight than low or
medium groups (p < .001).
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nonfasting glucose ≥ 160 mg/dL at endpoint was also not
significant (p = .091), nor was the incidence of glucose
≥ 160 mg/dL for patients gaining ≤ 10 kg (4.0%) signifi-
cantly different from that for patients gaining > 10 kg
(6.0%) (p = .299).

Median nonfasting serum cholesterol at endpoint
was significantly higher for olanzapine-treated patients
(Table 2) than for haloperidol-treated patients (Table 3)
(205.7 mg/dL vs. 189.9 mg/dL, respectively; p = .002).
Of 447 olanzapine-treated patients whose cholesterol was
< 240 mg/dL at baseline, 15.7% had a cholesterol level
≥ 240 mg/dL at endpoint irrespective of loss or gain in
weight. For haloperidol-treated patients, of 84 patients
whose cholesterol was < 240 mg/dL at baseline, 8.3% had
a cholesterol level ≥ 240 mg/dL at endpoint irrespective
of loss or gain in weight. The difference in incidence of
cholesterol levels ≥ 240 mg/dL at endpoint between the
therapy groups was not significant (p = .091). There was
a statistically significant association observed among
olanzapine-treated patients between weight gain and me-
dian serum cholesterol at endpoint (p = .001). The inci-
dence of cholesterol ≥ 240 mg/dL at endpoint was signifi-
cantly more likely in the group gaining > 10 kg compared
with those gaining ≤ 10 kg (24.3% vs. 11.6%; p < .001).
In the respective groups with incident high cholesterol,
for those gaining < 10 kg (N = 35), the median cholesterol
at endpoint was 251.0 mg/dL (range, 240.1–399.0
mg/dL), while in the group gaining > 10 kg (N = 35), the
median cholesterol at endpoint was 257.0 mg/dL (range,
241.0–297.8 mg/dL).

Median diastolic blood pressure at endpoint was
not significantly different for olanzapine-treated patients
(Table 2) compared with haloperidol-treated patients
(Table 3) (80 mm Hg vs. 80 mm Hg, respectively;
p = .994).  Of 437 olanzapine-treated patients whose
diastolic blood pressure was < 90 mm Hg at baseline,
20.4% had a diastolic blood pressure level ≥ 90 mm Hg at
endpoint irrespective of loss or gain in weight. For
haloperidol-treated patients, of 81 patients whose dia-
stolic blood pressure was < 90 mm Hg at baseline, 18.5%

had a diastolic blood pressure ≥ 90 mm Hg at endpoint
irrespective of loss or gain in weight. The difference in
incidence of diastolic blood pressure levels ≥ 90 mm Hg
at endpoint between the therapy groups was not signifi-
cant (p = .765). There was also a statistically significant
association observed among olanzapine-treated patients
between weight gain and endpoint diastolic blood pres-
sure (p < .001). The incidence of diastolic blood pressure
≥ 90 mm Hg at endpoint was significantly more likely
among patients gaining > 10 kg compared with patients
gaining ≤ 10 kg (29.5% vs. 16.1%; p < .001). In the re-
spective groups with incident high diastolic blood pres-
sure, for those gaining ≤ 10 kg (N = 48), the median end-
point diastolic blood pressure was 92 mm Hg (range,
90–100 mm Hg), while in the group gaining > 10 kg
(N = 41), the median endpoint diastolic blood pressure
was also 92 mm Hg (range, 90–106 mm Hg).

DISCUSSION

The population of individuals with schizophrenia, in
general, exhibits a higher prevalence of obesity than indi-
viduals without schizophrenia.23 The prevalence of obe-
sity (BMI ≥ 30) in the general population worldwide has
been increasing significantly over the past 10 years and
trends are generally similar for all age, gender, and race-
ethnic groups.24 The proportion of adults of both sexes
defined as “overweight” has changed from 1 in 4 in the
early 1970s to 1 in 3 in 1990 (25% to 33%),25 and this has
raised the subject of being overweight as a public health
problem.

However, despite literature reports associating both
conventional and novel antipsychotic drug use with
weight change,8 antipsychotic agents remain the corner-
stone of therapy for individuals suffering from schizo-
phrenia and related disorders. It also may be inferred that
since weight loss can accompany acute psychotic decom-
pensation,26 restorative weight gain may accompany ef-
fective antipsychotic drug treatment. One possible mech-
anism for weight gain during antipsychotic treatment may
be related to specific receptor antagonism. Drugs that
block serotonergic transmission have been shown to in-
crease food consumption and may cause weight gain.27–30

While some clinical reports have shown no relationship
between 5-HT2C and weight change,31 more recent pre-
clinical data in 5-HT2C receptor null mutant mice have
suggested a role for 5-HT2C receptors in the serotonergic
regulation of body weight and food intake.32

More detailed between-drug comparisons of basic
pharmacology, efficacy profile, and longer term compli-
ance patterns will be necessary to better characterize the
relative risk of weight gain. The present post hoc analyses
were performed to investigate weight changes in patients
with schizophrenia or related disorders who received
treatment with olanzapine or haloperidol for up to 3 years,

Table 3. Median Baseline/Endpoint Glucose, Cholesterol, and
Diastolic Blood Pressure Levels for Corresponding Weight
Changes for Haloperidol-Treated Patients Observed for 39
Weeks or More (LOCF)

Glucose, Cholesterol,   Diastolic Blood
mg/dL mg/dL  Pressure, mm Hg

Weight Median Median Median Median Median Median
Change N Baseline Endpoint Baseline Endpoint Baseline Endpoint
Lost to 0 46 93.7 94.2 210.9 214.6 80.0 80.0
>0 to 10 45 95.5 94.0 193.0 189.9 80.0 80.0
>10 to 20 9 91.0 91.0 176.7 180.6 80.0 82.0
>20 to 30 2 287.1 135.4 191.1 241.2 85.0 80.0
>30 to 40 1 94.0 91.0 155.0 211.0 74.0 80.0
>40 to 50 0 ... ... ... ... ... ...
Total 103 94.0 93.7 197.6 189.9 80.0 80.0
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and to determine whether BBMI and dose were signifi-
cant predictors of long-term weight change. Further,
these analyses were performed to determine whether
there was an association between weight gain and end-
point nonfasting serum glucose, serum cholesterol, and
diastolic blood pressure. Patients treated with haloperi-
dol, a conventional antipsychotic drug reported to have
minimal effect on weight change, were included in this
study to determine whether weight gain experienced dur-
ing olanzapine treatment affected these laboratory param-
eters differently from treatment with a conventional anti-
psychotic. These analyses offer clinicians the unique
opportunity to investigate the effects of long-term anti-
psychotic drug treatment on a large cohort of patients
with schizophrenia.

Weight Change During Long-Term Treatment
Olanzapine-treated patients gained significantly more

weight than haloperidol-treated patients (6.26 kg after
2.54 years of olanzapine treatment vs. 0.69 kg after 1.15
years of haloperidol treatment). Fifty-two percent of
olanzapine-treated patients gained > 7% of their body
weight, compared with 26% of haloperidol-treated pa-
tients. This differential emphasizes one of the challenges
posed by utilization of one of the novel antipsychotic
drugs as compared to the older conventional antipsy-
chotic drugs.

There is a certain amount of confusion in the literature
regarding the time course of weight gain during antipsy-
chotic drug treatment. In general, the literature indicates
that the majority of weight gain occurs during the first
3 months.9,33 However, in one report34 weight gain oc-
curred most frequently after longer term exposure (> 18
months). In addition, plateauing of weight gain during
antipsychotic drug treatment has been reported.35 The
present study indicates that mean weight gain during
olanzapine treatment for this population trended toward a
plateau after approximately 39 weeks of treatment and re-
mained stable thereafter up to 3 years of observation. The
rate of weight gain appeared most rapid during the first
12 weeks of olanzapine treatment. This relatively rapid
onset of weight gain may suggest the importance of early
intervention for weight gain mitigation. Methods of
weight management should emphasize this early rapid
weight gain and utilize psychoeducational strategies to
control appetite, make healthy dietary choices, and en-
courage appropriate exercise regimens. The benefits of
proactive interventions may result in weight stabilization
at a lower plateau. The effectiveness of these interven-
tions needs to be studied further. In addition, the potential
for rapid and excessive weight gain suggests that clini-
cians should consider monitoring glucose and lipid levels
and vital signs as clinically indicated.

Since this report focuses on the weight changes seen in
a subgroup of olanzapine-treated patients, an important

question is whether the choice of subgroup was appropri-
ate and especially whether patients observed for shorter
periods gained more weight before dropping out of the
trial. A comparison of the olanzapine-treated patients
treated > 39 weeks (N = 573) described in this report
compared with the olanzapine-treated patients observed
≤ 39 weeks (N = 731; not shown) revealed that the mean
weight gain for shorter term patients at comparable time-
points was significantly lower than that of longer term pa-
tients. This information helps to establish that patients
were not discontinuing the study due to weight gain.

A second question is whether, among the patients se-
lected for analysis, a dropout phenomenon contributed to
the appearance of a weight gain plateau. However, since
the subgroup of patients (N = 147) completing 3 years of
observation show a similar plateauing of weight change to
that seen in the full sample, the notion of dropouts as a
reason for the plateau is discounted.

Together, these data suggest that after an acute period
of relatively rapid weight gain, olanzapine-treated pa-
tients tend to be at progressively lower risk for further
weight gain as they continue into maintenance pharmaco-
therapy at least up to 3 years.

A previous study of acute weight change during anti-
psychotic drug treatment suggests that one of the most
robust predictors of weight gain is low BBMI.36 This ob-
servation is supported by the present study in that lighter-
set patients gained significantly more weight and pla-
teaued with a higher increase than heavier-set patients.
While part of this result may be due to a regression to the
mean phenomenon (i.e., greater likelihood that patients
with room for greater weight change will thus demon-
strate the greatest weight change), this observation is still
important since, among some low BBMI patients, favor-
able antipsychotic drug–response may drive a process of
weight restoration. However, the unique non-overlapping
plateau curves associated with each BBMI category (see
Figure 4) suggest that a regression to a single population
mean is unlikely. Similarly, this phenomenon may be ex-
plained by low BBMI patients experiencing a greater
weight shift even though their caloric intake increases to
the same extent as the high BBMI patients; this interpreta-
tion would need further investigation to validate. Further-
more, the population already at risk of longer term cardio-
vascular health risks (higher BBMI) also appears to be the
population that gains the least amount of weight.

Dose is a second factor of interest surrounding weight
change. In this study, olanzapine maintenance dose was
not found to be significantly predictive of changes in
weight. This absence of a dose-response relationship is
consistent with previous olanzapine reports36 and, in gen-
eral, with reports of other antipsychotic drugs.33 This in-
formation is especially important in clinical practice in
that it suggests the ineffectiveness of dosage reduction as
a means of attenuating or reversing weight gain.
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Weight Change and Nonfasting
Serum Glucose, Serum Cholesterol,
and Diastolic Blood Pressure Levels

Effect of weight change on serum glucose. For many
years, case reports have associated conventional and, more
recently, novel antipsychotic drugs with new onset or ex-
acerbation of diabetes.11,12,33,37,38 Clozapine has been among
the most widely investigated of the class, although case
reports also describe diabetes occurring in olanzapine-
treated patients,39 risperidone-treated patients,40 and
quetiapine-treated patients.41 Although a review of these
studies suggests that many of these patients entered
therapy with existing risk factors for diabetes, the signifi-
cance of these reports awaits further study.

In the present report, neither endpoint nonfasting
serum glucose levels nor the incidence of nonfasting glu-
cose ≥ 160 mg/dL at endpoint was significantly associ-
ated with weight change during olanzapine treatment. The
incidence of nonfasting glucose levels above this cutoff
(≥ 160 mg/dL) was 4.6% for olanzapine-treated patients
after 2.54 years and 5.0% for haloperidol-treated patients
after 1.15 years, irrespective of weight change. These data
suggest that the incidence of endpoint hyperglycemia in a
schizophrenic patient cohort is similar whether exposed to
long-term treatment with an atypical antipsychotic drug
or a conventional antipsychotic drug. Since this criterion
is less strict than that required for a diagnosis of diabetes,
that is, a random nonfasting blood glucose of ≥ 160
mg/dL confirmed with fasting plasma glucose levels
≥ 126 mg/dL on 2 subsequent days,19 weight change as
noted in this study does not seem to be associated with an
abnormality of glycemic control.

Effect of weight change on serum cholesterol. Excess
weight is one of the correlates of an elevated blood cho-
lesterol.25 In the present study, median endpoint values in
serum cholesterol were comparable to those seen at base-
line. However, there was a significant association between
weight gain during olanzapine treatment and median
serum cholesterol at endpoint, and additionally, median
nonfasting serum cholesterol at endpoint was significantly
higher for olanzapine-treated patients than for haloperidol-
treated patients (205.7 mg/dL versus 189.9 mg/dL, respec-
tively; p = .002). These data indicate that the proportion of
patients experiencing greater weight gain were more at
risk for elevated serum total cholesterol. Although most
olanzapine-treated patients (97%) did not have elevations
above 300 mg/dL, a minority did experience levels reach-
ing 400 mg/dL. The association between weight gain and
cholesterol on olanzapine therapy does not appear to be the
predominant driver of increased cholesterol in treated
schizophrenic patients, as the incidence of elevated cho-
lesterol was not significantly different between olanzapine
and haloperidol. In any event, increasing weight should
alert the clinician to the possibility of rising cholesterol.
Furthermore, the 8% to 16% incidence of elevated choles-

terol irrespective of treatment suggests that schizophrenia
may be associated with a substantial risk of hypercholes-
terolemia over time.

Effect of weight change on diastolic blood pressure.
Hypertension has an estimated prevalence of 24% in the
U.S. population, and it has been reported that increased
levels of BMI may be associated with the increased car-
diovascular risk factor of high blood pressure.25 In this
study, although median endpoint values in diastolic blood
pressure were comparable to those seen at baseline, there
was also a statistically significant association between
weight gain and endpoint diastolic blood pressure. Addi-
tionally, the median diastolic blood pressure at endpoint
was significantly higher for olanzapine-treated patients
than for haloperidol-treated patients. Although the major-
ity (97%) of olanzapine-treated patients’ diastolic blood
pressure did not go above 100 mm Hg, increasing weight
with treatment would indicate the prudence of monitoring
such patients for hypertension. In addition, the approxi-
mately 20% incidence of elevated diastolic blood pressure
in this study population after long-term olanzapine or
haloperidol treatment suggests a further health risk asso-
ciated with schizophrenia in general.

Study limitations
This retrospective data analysis has several limitations.

Results were obtained from a flexible-dose clinical trial as
opposed to a usual clinical practice setting. As a result,
concomitant medications, such as antidepressants and
mood stabilizers that may possibly contribute to weight
gain, were generally proscribed. Further, because dose
was not fixed, the lack of a relationship between dosing
and weight change during this clinical trial is not a defini-
tive finding.

Also, only a routine laboratory panel including random
glucose and cholesterol was performed in this study. Ob-
taining verifiable fasting glucose and cholesterol measure-
ments in this patient population might be difficult due to
dietary compliance issues, specifically with those patients
who are outpatients. The scope of these analyses was lim-
ited to weight gain and its potential association with glu-
cose, cholesterol, and diastolic blood pressure. It was not
the intent of these analyses to explore the consequences of
long-term olanzapine treatment in general on these meta-
bolic factors. Future studies should implement more de-
finitive laboratory assessments to better examine the rela-
tionship between weight and health-related factors.

Patients were followed with regular weight assess-
ments, and this may have identified subjects with particu-
lar weight management problems that may have initiated
a therapeutic dialogue around appetite, diet, and exercise.
Such an intervention may have had a more significant
impact on the responding patients who continued in the
long-term extension clinical study, as contrasted with non-
responding patients who would have been excluded from
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participating in this study but not necessarily from treat-
ment in the community. It should be noted that the litera-
ture does contain reports of weight gain during antipsy-
chotic drug treatment that may be managed by dietary
control7 and also cases in which weight gain appeared
to be reversible.42–44 Also important to note is the lack
of equally distributed long-term data across treatment
groups. Of olanzapine-treated patients, 293 were observed
for between 2.5 and 3 years, with 147 observed at the final
3-year timepoint, compared with 103 haloperidol-treated
patients for whom the maximum time observed was 100
weeks (1.9 years).

Although the size and scope of this investigation are the
most comprehensive to date, it may be argued that
a longer period of observation may be needed to make
more definitive conclusions regarding weight change and
weight-related health factors. Further prospective studies
of long-term weight change during antipsychotic drug
treatment and its clinical consequences are indicated. Such
studies should utilize more detailed assessments of appeti-
tive behaviors and more comprehensive assessments of
individual disease-specific risk factors and of relevant
laboratory parameters. Finally, the results presented relate
to generalized findings from a controlled clinical trial; any
individual experiencing excessive weight change should
be medically evaluated for glucose, lipid, and vital sign
changes as clinically indicated.

CONCLUSION

Olanzapine-treated patients gained significantly more
weight than haloperidol-treated patients. Further charac-
terization of weight gain during olanzapine treatment in-
dicated that weight gain trended toward a plateau, patients
with lower BBMI tended to gain more weight than those
with higher BBMI, and dose was not a significant predic-
tor of weight gain. The relationship between nonfasting
serum glucose levels and weight gain was not significant;
however, the association between weight increase and
elevation in nonfasting serum cholesterol and diastolic
blood pressure was statistically significant. The incidence
of elevated serum glucose, cholesterol, or diastolic blood
pressure levels was not statistically different from that
seen with haloperidol therapy. These data indicate that the
greater weight gain experienced during olanzapine treat-
ment is not necessarily the predominant driver of labora-
tory changes seen in schizophrenic patients nor of the in-
creased values of glucose, cholesterol, or diastolic blood
pressure occurring over time regardless of atypical or
conventional antipsychotic drug treatment. Further pro-
spective studies of long-term weight change during anti-
psychotic drug treatment and its clinical consequences are
indicated. The present study findings offer clinicians a
global overview of the effects of long-term olanzapine
treatment and weight change and may aid the develop-

ment of weight interventions for patients. In view of the
initial rapid increase in weight that can be experienced by
olanzapine-treated patients, early interventions including
therapeutic dialogue regarding weight management tech-
niques and healthier lifestyle choices may be prudent.

Drug names: chlorpromazine (Thorazine and others), clozapine (Cloza-
ril and others), haloperidol (Haldol and others), olanzapine (Zyprexa),
quetiapine (Seroquel), risperidone (Risperdal).
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