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To measure the long-term changes in weight and plasma lipids after switching antipsychotic treatment to ziprasidone, three 52-week,

open-label extension studies of ziprasidone in outpatients (N¼ 185) with schizophrenia or schizoaffective disorder successfully

completing one of three, 6-week switch studies were carried out. Pre-switch treatment consisted of risperidone (n¼ 43), olanzapine

(n¼ 71), or conventional antipsychotic agents (n¼ 71). The maximum length of exposure to ziprasidone was 58 weeks. Nonfasting total

cholesterol and triglyceride levels were obtained at baseline and at weeks 6, 19, 32, 45, and 58. Weight was measured at baseline and

during each follow-up visit; height was recorded at baseline for the purpose of body mass index (BMI) calculation. Efficacy measures

included the Positive and Negative Syndrome Scale and Clinical Global ImpressionFSeverity scale which were obtained at baseline and

major follow-up points. Clinically significant sustained improvements in weight, BMI, total cholesterol, and triglyceride levels were

observed among patients switched to ziprasidone from risperidone or olanzapine. Switching from conventional antipsychotics was not

associated with significant changes in weight and lipid parameters. Mean reductions in weight from baseline to study endpoint were 9.8 kg

(po0.001) and 6.9 kg (po0.005) for patients previously treated with olanzapine and risperidone, respectively. These findings

demonstrate that switching from risperidone or olanzapine to ziprasidone is associated with sustained, clinically significant improvements

in weight and plasma lipids.
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INTRODUCTION

Among individuals with schizophrenia, there is an in-
creased prevalence of obesity (American Diabetes Associa-
tion, 2004; Fontaine et al, 2001), dyslipidemia (Koro et al,
2002a), diabetes mellitus (Koro et al, 2002b), and related
conditions such as cardiovascular disease (Brown et al,
2000; Casey et al, 2004). Contributing factors may include
lower socioeconomic class (Baxter, 1996), lack of exercise,
poor diet, and smoking (Brown et al, 1999). In addition,
some of the medications used for the management of
schizophrenia are associated with clinically significant
increases in weight (Allison et al, 1999; Casey and Zorn,
2001; Lieberman et al, 2005; Newcomer, 2005) and adverse
alterations in serum lipid levels (Casey and Zorn, 2001; Eyre
et al, 2004; Meyer and Koro, 2004). The relative contribu-
tion of nonpharmacologic factors and the specific con-

tribution of antipsychotic medications to weight gain and
dyslipidemia observed in patients with schizophrenia have
both been the subject of considerable scrutiny, with an
emerging consensus about the importance of risk-reduction
strategies (American Diabetes Association, 2004; Meyer and
Koro, 2004; Jin et al, 2004; Ryan et al, 2003; Wirshing et al,
1999).
Modest improvements in weight and adiposity (NHLBI,

1998) and plasma lipids (NCEP, 2001, 2002; Hennekens,
1998) can significantly lower the risk for cardiovascular
disease. This has led to heightened public health interest in
behavioral and pharmacologic strategies to lower body
weight and harmful lipid fractions (NHLBI, 1998; NCEP,
2001). Behavioral approaches such as changing diet and
increasing activity levels are usually associated with modest
reductions in body weight of 3–5% over 1 year in general
medical populations (Norris et al, 2004; Sheppard et al,
1991). In psychiatric populations, behavioral approaches
may require more intensive and costly efforts to achieve
even this level of weight reduction; however, few studies
have addressed these issues (Brar et al, 2005; Menza et al,
2004). Weight reduction achieved with currently approved
antiobesity drugs is similarly modest over the long term
(approximately 5% of initial body weight (McMahon et al,Received 3 January 2007; revised 7 May 2007; accepted 15 May 2007
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2000)), and these drugs may be associated with adverse
effects that can limit their use in psychiatric patients (eg
anxiety, insomnia, or anal leakage (Casey et al, 2003)).
An alternative approach to the management of weight and

dyslipidemia in patients requiring ongoing antipsychotic
medication is the use of antipsychotic drugs less associated
with such adverse effects. While this may be a straightfor-
ward prevention strategy, it has not yet been established
that switching from a higher- to a lower-risk antipsychotic
medication can favorably affect long-term weight and lipid
profiles. Previous studies, including the initial, 6-week,
ziprasidone-switch studies, that suggest the short-term
utility of this approach indicated statistically significant
reductions in body weight and body mass index (BMI) over
6-weeks after a switch from risperidone or olanzapine to
ziprasidone (Weiden et al, 2003a) or 8-weeks for aripipra-
zole (Casey et al, 2003). The ziprasidone-switch studies also
detected significant reductions in nonfasting total plasma
cholesterol and triglycerides in patients switched from both
olanzapine and risperidone but not conventional antipsy-
chotic drugs (Weiden et al, 2003a). These short-term
results, however, left open questions about the long-term
course, sustainability, and effect size of any treatment-
related changes in weight or lipids.
To address these questions, we report here changes in

body weight, BMI, and nonfasting lipids during 52 weeks of
ziprasidone monotherapy, following a previously reported
6-week switch to ziprasidone from prior maintenance
treatment (X3 months) with risperidone, olanzapine, or a
conventional antipsychotic drug (Weiden et al, 2003a).

METHODS

Design

All patients included in this analysis participated in a 1-year
extension of one of three identically designed 6-week
medication-switch studies. These studies were conducted
simultaneously between 1997 and 1999, before ziprasidone’s
commercial availability. The design of these studies has
been described elsewhere (Weiden et al, 2003b) and is
therefore summarized briefly below.
Participants were outpatients with schizophrenia or

schizoaffective disorder based on psychiatrist diagnostic
evaluation using DSM-IV criteria. The patients were
clinically stable but experiencing symptoms or adverse
events sufficient to warrant a change in antipsychotic
therapy. The pre-switch treatment groups were risperidone
(n¼ 43), olanzapine (n¼ 71), and conventional antipsychotic
drugs (n¼ 71). Participants were randomized to one of
three different cross-titration methods, with each method
resulting in complete discontinuation of the pre-switch
antipsychotic medication within 1 week of starting zipra-
sidone. Benzodiazepine use was restricted to lorazepam for
anxiety; use of zolpidem tartrate for insomnia was
discouraged but not prohibited. No adjunctive behavioral
or pharmacologic interventions for weight reduction were
provided during the study.
All patients in this report had successfully completed one

of three short-term switch trials and agreed to participate in
a 52-week, open-label extension study of maintenance

ziprasidone, such that the maximum length of ziprasidone
exposure was 58 weeks.

Assessments

Nonfasting plasma total cholesterol and triglyceride levels
were obtained at baseline (just before switching to
ziprasidone) and at 6, 19, 32, 45, and 58 weeks. Specific
HDL-C and LDL-C values were not collected. Samples were
analyzed at a central laboratory. Weight was measured at
baseline and at each follow-up visit. Height was recorded at
baseline to enable the calculation of BMI. Efficacy measures
were obtained at baseline and major follow-up points using
the Positive and Negative Syndrome Scale (PANSS) and the
Clinical Global ImpressionFSeverity (CGI-S) scale. Extra-
pyramidal symptoms were assessed with the Simpson–Angus
Rating Scale (SARS), Barnes Akathisia Scale (BAS), and the
Abnormal Involuntary Movements Scale (AIMS). Adverse
events were recorded at each visit; an electrocardiogram was
recorded at baseline and endpoint. The corrected QT interval
was measured manually and calculated according to Bazett’s
formula: QTc¼QT/(RR)1/2 (Bazett, 1920).

Statistical Analyses

All patients who entered the extension studies were
included in the analyses. Pooled data were used to
summarize demographic characteristics, treatment dura-
tion, and daily ziprasidone dose.
Careful consideration was given to the method used for

data analysis, especially in light of the discontinuation rates
observed in longitudinal trials of patients with schizophre-
nia. Because we hypothesized that weight change could be
dependent on the length of time elapsed since last exposure
to a weight-gain-promoting medication, we selected the
mixed-model repeated measures (MMRM) analysis a priori
as the most appropriate method for evaluating the primary
outcomes. MMRM was used to estimate changes in weight,
BMI, and plasma lipid levels (total cholesterol and
triglycerides) from baseline to the time of each follow-up
visit. The resultant slopes provided an estimate of change,
not an observed mean, at each visit.
Mixed-model repeated measures models used for these

analyses always included fixed effects from protocol (ie
pre-switch antipsychotic drug), baseline BMI, the number
of days of maintenance therapy with ziprasidone, and the
interaction between the pre-switch medication and the
number of days of maintenance therapy. Individual
intercept and slope for each subject were used as random
effects in the model, with an unrestricted covariance matrix
structure. On the basis of the pattern of weight and plasma
lipid changes seen in the short-term ziprasidone switch
studies, we hypothesized that differences in weight and
plasma lipid outcomes would be related to prior anti-
psychotic status. As the group treated with conventional
antipsychotic drugs had shown minimal changes in weight
and plasma lipids, the group whose prior treatment was a
conventional was assigned to be the reference value in the
regression models.
A step-wise procedure selected significant fixed effects

from possible influential baseline characteristics that were
hypothesized in post hoc model constructions. These
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baseline characteristics included age, race, sex, weight,
height, total plasma cholesterol and triglyceride levels,
PANSS total score, PANSS positive and negative symptom
subscale scores, SARS score for parkinsonism, and CGI-S
scores. All statistical tests of significance were two-tailed,
with the significance level set at 0.05. The analysis and
results presented are based on a 58-week (6 plus 52 weeks)
MMRM analysis. Sensitivity MMRM analyses were also
performed using 32 weeks, rather than 58 weeks, as the final
data point in a post hoc test of the influence of a shorter
maintenance treatment period. The 32-week results were
very similar to the 58-week endpoint results and are not
reported here. Effect size (Cohen’s d (the mean change in
the variable of interest over the pooled standard deviation))
was calculated for each variable. The term baseline is used
to refer to the core study baseline.
Last observation carried forward (LOCF) and observed

case (OC) analyses were performed as secondary analyses,
and are presented here for comparison purposes. Analysis
of covariance was performed separately using the LOCF
endpoint and observed value at each visit. The analysis of
covariance model included the treatment effect and baseline
as covariates. All calculations were performed with SAS
(SAS version 8.2; Cary, NC, USA).

RESULTS

Subjects

Demographics and baseline characteristics for the 185
patients included in the analyses are shown in Table 1.
The treatment groups comprised patients switched from
risperidone (n¼ 43), olanzapine (n¼ 71), or conventional

antipsychotic drugs (n¼ 71). Baseline nonfasting plasma
triglyceride and glucose levels were higher, and age
younger, in the patients switched from olanzapine; these
were the only differences between the treatment groups in
relevant variables at baseline.
The mean baseline BMI for each group, while high (range

30.29–32.01), is similar to other samples of patients with
schizophrenia and schizoaffective disorder studied over the
past 5–10 years (Coodin, 2001; McEvoy et al, 2005). A total
of four patients from the olanzapine, one from the
risperidone, and one from the conventional antipsychotic
group were using a statin at baseline. No patient in any
group used any anorectic medication before, or subsequent
to, ziprasidone switch.
Of the 185 patients who entered the extension studies,

100 (54%) remained in the study at week 32 and 72 (39%)
remained at week 58. Discontinuation rates in the
pre-switch conventional antipsychotic, olanzapine, and
risperidone groups were 58, 64, and 58%, respectively.
The median duration of ziprasidone treatment was 40.6
weeks. Of the 113 patients (61%) who discontinued therapy
before the 58-week endpoint, 34 (30%) discontinued for
treatment-related reasons (adverse events, n¼ 16; efficacy-
related, n¼ 18). Of the 77 patients who discontinued
for reasons not related to the study drug, 25 did
so due to adverse events, 34 defaulted, and another 18
discontinued for other unknown reasons. There was no
assessment of sedation other than that reported as a
spontaneous adverse event. The pattern of discontinuation
after switching to ziprasidone was similar in each study and
was consistent with overall discontinuation rates. The
pooled median daily dose of ziprasidone at study endpoint
was 120mg.

Table 1 Baseline Demographics and Illness Characteristics

Variable

Conventional
antipsychotic drugs

(n¼ 71)
Risperidone

(n¼ 43)
Olanzapine
(n¼ 71) Overall (n¼185)

p-value for
difference between

groups

Weight, kg (SD) 89.93 (18.48) 88.40 (19.32) 95.41 (20.95) 91.68 (19.62) 0.118a

BMI (SD) 30.41 (6.57) 30.29 (6.24) 32.01 (6.67) 31.00 (6.60) 0.251

Total cholesterol, mg/dl (SD)b 195.40 (40.09) 213.77 (44.21) 203.34 (53.58) 202.80 (46.9) 0.127

Triglycerides, mg/dl (SD)c 186.39 (136.82) 236.07 (136.66) 262.44 (201.62) 227.30 (167.40) 0.023

Glucose, mg/dl (SD)d 100.4 (27.7) 103.9 (29.0) 116.8 (49.6) 107.55 (38.4) 0.030

Men, n (%) 47 (66.2) 27 (62.8) 49 (69.0) 123 (66.5) 0.791e

Mean age, years (range) 40.0 (18–61) 39.2 (18–61) 36.0 (19–57) 38.3 (18–61) 0.049

Schizophrenia (%) 73 86 71 75 0.156e

Schizoaffective disorder (%) 27 14 29 25 0.156e

PANSS

Total score, mean7SD 59.5715.3 59.4716.5 56.4715.4 58.3715.6 0.433

Positive score, mean7SD 13.474.6 13.475.3 12.574.7 13.074.8 0.466

Negative score, mean7SD 17.175.9 16.276.0 16.075.8 16.475.9 0.509

aF-test (all comparisons except those noted by ‘e’).
bRecommended level o200mg/dl.
cRecommended level o150mg/dl.
dRecommended level o126mg/dl (nonfasting).
ew2 test.
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Efficacy and Safety

In the pooled intent-to-treat (ITT) population (n¼ 185),
statistically significant improvement from pre-switch
baseline to endpoint (LOCF) was observed in mean scores
for CGI-S (�0.3, t¼�3.5, df 177, po0.001), PANSS total
(�4.3, t¼�2.6, df 121, po0.01), and PANSS negative
symptom subscale (�2.4, t¼�4.9, df 121, po0.0001) but
not the PANSS positive subscale (�0.7, t¼�1.5, df 121,
p¼NS). Statistically significant mean improvement in
PANSS negative symptom score (ITT, LOCF) was also
observed for each of the three groups: �2.2 (0.8), t¼�2.9,
df 44, po0.01 for those switched from conventional
antipsychotic drugs; �3.5 (1.0), t¼�3.6, df 30, po0.01
for those switched from risperidone; and �1.7 (0.8),
t¼�2.1, df 45, po0.05 for those switched from olanzapine.
Mean improvement in PANSS total score was significant for
the group previously treated with conventional antipsychotic
drugs (�6.3 [2.3], t¼�2.7, df 44, po0.01) but not for the
groups previously treated with olanzapine (�3.5 [2.7],
t¼�1.3, df 45, p¼ 0.20) or risperidone (�2.6 [3.9],
t¼�0.7, df 30, p¼ 0.51). The reduction in PANSS positive
scores was less than 1.5 points and not significant for any of
the three groups.
In the safety population (n¼ 185), scores improved

significantly on all movement disorder measures (SARS:
�2.1, t¼�6.6, df 65, po0.0001; BAS: �1.1, t¼�6.5, df 40,
po0.0001; and AIMS: �1.1, t¼�2.4, df 43, po0.05). One
patient had a QTc interval X450ms at baseline, six had a
QTc interval X450ms at some point during the study, and
three had a QTc interval X450ms at study endpoint. No
patient had a QTc interval X500ms at any time during the
study.

Effect on Body Weight

MMRM analysis indicated a gradual, continuous reduction
in weight, beginning in the first 6 weeks and continuing
over the ensuing 52 weeks of ziprasidone maintenance
among patients switched from risperidone or olanzapine

but not from conventional antipsychotic drugs (Figure 1).
Mean estimated weight loss at 58 weeks for patients
switched from olanzapine was 10.3% of the mean initial
pre-switch body weight (baseline, 95.4 kg; total weight loss,
9.8 kg; Cohen’s d, 1.00); mean estimated monthly weight
loss was 0.69 kg per month. For patients switched from
risperidone, the corresponding reduction in weight was
7.8% (baseline, 88.4 kg; total weight loss, 6.9 kg; Cohen’s d,
0.70); mean estimated monthly weight loss was 0.5 kg per
month. LOCF analyses also showed substantial, statistically
significant reductions in weight at 58 weeks that were, as
expected, not as large as those seen in the MMRM analyses
due to the time dependence of observed changes (eg LOCF
mean weight loss7SE: olanzapine pretreatment,
4.576.1 kg, t¼�6.3, df 70, po0.01; risperidone pretreat-
ment, 5.1710.1 kg, t¼�3.3, df 42, po0.01), supporting
a priori concerns that LOCF analyses may systematically
underestimate change in effects that are time dependent.
Using the group treated with conventional antipsychotic

drugs as the point of reference, the pre-switch medication
was a significant predictor of weight loss for patients
switched from olanzapine (po0.01) but not from risper-
idone (p¼ 0.17) (Table 2). The duration of ziprasidone
treatment was a significant predictor of weight loss for
patients previously treated with either olanzapine (po0.01)
or risperidone (po0.01) but not for those previously treated
with conventional antipsychotic drugs (p¼ 0.67) (Table 2).
Sex, age, and baseline BMI, PANSS, CGI, or adverse event
ratings did not significantly predict changes in weight.

Effect on BMI

The mean baseline BMIs of all three groups (range 30.41–
32.01 kg/m2) indicated a patient sample that was already
obese (BMI430 kg/m2). The pattern of reduction in BMI
was by definition proportional to that for weight loss, with
large decreases at 58 weeks observed in patients switched
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Figure 1 Time course of weight change over 58 weeks after switch to
ziprasidone. LS, least-squares analysis; MMRM, mixed-model repeated
measures analysis; OC, observed cases analysis.

Table 2 Regression Analysis of Predictors of Change in Weight
during Maintenance Ziprasidone Therapy

Variable b SE df t p

Pre-switch BMIa �0.00024 0.02361 1980 –0.01 0.99

Pre-switch antipsychotic drug

Conventional 0 F F F F

Risperidone –0.5476 0.4020 1980 –1.36 0.17

Olanzapine –0.8951 0.3536 1980 –2.53 0.01

Duration of ziprasidone treatment

From conventional –0.00168 0.003969 1980 –0.42 0.67

From risperidone –0.01626 0.004950 1980 –3.29 o0.01

From olanzapine –0.02258 0.003953 1980 –5.71 o0.01

Intercept 0.3014 0.7606 181 0.40 0.69

Abbreviations: BMI, body mass index; df, degrees of freedom.
aBecause baseline BMI did not differ significantly between groups, the BMI
variable was collapsed and entered as one baseline variable.
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from either olanzapine (baseline, 32.0; reduction, �3.2;
t¼�6.0, df 1980, po0.01; Cohen’s d, 0.97) or risperidone
(baseline, 30.3; reduction, �2.5; t¼�3.7, df¼ 1980,
po0.01; Cohen’s d, 0.74) (Figure 2). LOCF analysis again
underestimated long-term change but the decreases at 58
weeks were still clinically and statistically significant
(LOCF mean BMI change7SE: olanzapine pretreatment,
�1.572.0, t¼�6.1, df 69, po0.01; risperidone pretreat-
ment, 1.873.5, t¼�3.4, df 42, po0.01). Results of the
regression analysis using the fixed-effects model were
comparable with that for weight reduction.

Effect on Total Plasma Cholesterol Levels

In contrast to the more gradual course of change in weight
and BMI, the improvement in cholesterol levels occurred
rapidly upon switching to ziprasidone. At 6 weeks, mean
total cholesterol had declined significantly in all three
patient groups, including the group that switched from
conventional antipsychotic drugs. These reductions were
then sustained with no further decrease over the entire
52-week extension period (Figure 3). The median change
for total cholesterol at the LOCF endpoint (n¼ 185) was
�17.00, �13.00, and �11.00 for olanzapine, risperidone,
and conventional antipsychotics, respectively. The median
change for total cholesterol at the end of the 52-week
extension (completer analysis, n¼ 72) was �17.50, �12.00,
and �11.00 for olanzapine, risperidone, and conventional
antipsychotics, respectively. As a proportion of baseline
levels, LOCF endpoint decreases at 58 weeks were 9.2% for
the olanzapine (baseline, 203.3; endpoint, 184.6mg/dl;
t¼�4.5, df 70, po0.0001; Cohen’s d¼ 0.59), 7.6% for the
risperidone (baseline, 213.8; endpoint 197.5mg/dl; t¼�4.0,
df 42, p¼ 0.0002; Cohen’s d, 0.51), and 5.1% (baseline,
195.4; endpoint, 185.5mg/dl; t¼�2.7, df 69, p¼ 0.01;
Cohen’s d, 0.31) for the conventional antipsychotic drugs
pre-switch groups.
Pre-switch antipsychotic medication was a significant

predictor of reduction in total plasma cholesterol levels in
the olanzapine group (Table 3). Baseline total cholesterol

level was significantly associated with the change in total
cholesterol level for all three pre-switch groups. The PANSS
depression subscale score at baseline also predicted
reduction in total cholesterol level for all three groups.
Sex, age and baseline BMI, CGI, and PANSS (except for
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Figure 2 Time course of BMI change over 58 weeks after switch to
ziprasidone. LS, least-squares analysis; BMI, body mass index; MMRM,
mixed-model repeated measures analysis; OC, observed cases analysis.
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Figure 3 Time course of change in total plasma cholesterol level from
baseline to 58 weeks after switch to ziprasidone. LS, least-squares analysis;
MMRM, mixed-model repeated measures analysis; OC, observed cases
analysis.

Table 3 Regression Analysis of Predictors of Change in Total
Plasma Cholesterol Levels during Maintenance Ziprasidone
Therapy

Baseline variable b SE df t p

Pre-switch BMIa –0.0825 0.2406 1017 –0.34 0.73

Baseline cholesterolb –0.2692 0.0335 1017 –8.04 o0.01

PANSS depressionc –1.3015 0.4704 1017 –2.77 o0.01

Pre-switch antipsychotic

Conventional 0 F F F F

Risperidone 0.8174 4.2377 1017 0.19 0.85

Olanzapine –12.2324 3.7121 1017 –3.30 o0.01

Duration of ziprasidone treatment

From conventional 0.0016 0.0098 1017 0.17 0.87

From risperidone –0.0087 0.0128 1017 –0.68 0.50

From olanzapine 0.0100 0.0104 1017 0.96 0.34

Intercept 58.3598 10.3283 177 5.65 o0.01

Abbreviations: BMI, body mass index; df, degrees of freedom.
aBecause baseline BMI did not differ significantly between groups, the BMI
variable was collapsed and entered as one baseline variable.
bNonfasting.
cIncludes G1, G2, G3, and G6 on PANSS.
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depression subscale), duration of ziprasidone treatment or
adverse event ratings did not significantly predict change in
total cholesterol levels.

Effect on Plasma Triglyceride Levels

Similar to the time course of cholesterol change, rapid
improvements in triglyceride levels occurred within 6 weeks
of the switch to ziprasidone. Plasma triglycerides decreased
(MMRM) significantly in the groups previously treated with
olanzapine (decrease of 78.0mg/dl from a baseline of
262.4mg/dl; t¼�6.7, df 1017, po0.0001; Cohen’s d, 0.59)
and risperidone (decrease of 39.2mg/dl from a baseline of
236.1mg/dl; t¼�2.7, df 1017, po0.01; Cohen’s d, 0.30)
groups. Repeated assessments over the next 52 weeks
showed sustained triglyceride improvements (Figure 4). In
the group previously treated with conventional antipsychotic
drugs, triglyceride levels were not statistically different to
baseline at 6 and 58 weeks. Triglyceride reductions at 58
weeks, as a proportion of baseline levels, were 20.8%
(54.5mg/dl) and 15.8% (36.7mg/dl) for the pre-switch
olanzapine and risperidone groups, respectively. The
median change in triglycerides at the LOCF endpoint
(n¼ 185) was �41.00, �28.00, and �2.5 for olanzapine,
risperidone, and conventional antipsychotics, respectively.
The median change in triglycerides at the end of the
52-week extension (completer analysis, n¼ 72) was �14.50,
�11.00, and �10.00 for olanzapine, risperidone, and
conventional antipsychotics, respectively.
In the LOCF analyses, a significant reduction in

triglyceride levels at 58 weeks was also shown for the group
previously treated with olanzapine (�76.57176.6mg/dl;
t¼�3.7, df 70, po0.01) and a trend was shown for the
group previously treated with risperidone (�35.17
115.2mg/dl; t¼�2.0, df 69, p¼ 0.052). The mean decrease
in triglyceride levels at 58 weeks for the pre-switch
risperidone group was similar across all analyses (estimated
changes were �35.1, �36.66 and �31.12 from LOCF,
MMRM, and OC analyses, respectively).

Of all potentially explanatory variables entered into the
fixed-effects model, baseline triglyceride and cholesterol
levels were the best predictors of subsequent reduction in
triglyceride levels, with higher baseline values associated
with greater reductions. Prior treatment with olanzapine
was also associated with reduction in plasma triglyceride
lowering (Table 4). In addition, female sex and greater
baseline CGI-S scores significantly predicted decreases in
triglyceride levels for all three pre-switch groups. There was
no significant effect of baseline BMI, PANSS, duration of
ziprasidone treatment, adverse event ratings, or age on
triglyceride levels.

DISCUSSION

This is the first long-term study of weight and lipid changes
associated with a therapeutic substitution of antipsychotic
medications. The three 6-week, medication-switch studies
reported improvements in weight, BMI, and lipid profiles
after therapeutic substitution of ziprasidone for olanzapine
or risperidone (Weiden et al, 2003a). Short-term studies
involving substitution of aripiprazole for olanzapine or
risperidone also reported improvements in weight and BMI
(Casey et al, 2003). However, these data did not establish
whether these initial improvements could be sustained
during long-term antipsychotic treatment.
The present study demonstrated that weight loss con-

tinued throughout an additional 1 year of maintenance
ziprasidone treatment. Furthermore, estimated weight loss
was both statistically significant and clinically relevant, with
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Figure 4 Estimated change in plasma triglyceride level after switch to
ziprasidone. LS, least-squares analysis; MMRM, mixed-model repeated
measures analysis; OC, observed cases analysis.

Table 4 Regression Analysis of Predictors of Change in Plasma
Triglycerides during Maintenance Ziprasidone Therapy

Baseline variable b SE df t p

Pre-switch BMIa 0.7373 1.0450 1017 0.71 0.48

Baseline cholesterolb 0.3985 0.1505 1017 2.65 o0.01

Baseline triglyceridesb –0.4672 0.0046 1017 – 0.47 o0.01

CGI-S 18.7789 8.8701 1017 2.12 0.03

Sex (female) –33.6730 14.5249 1017 –2.32 0.02

Pre-switch antipsychotic

Conventional 0 F F F F

Risperidone –33.8526 19.2282 1017 –1.76 0.08

Olanzapine –75.1119 16.9374 1017 –4.43 o0.01

Days on maintenance ziprasidone

From conventional –0.0249 0.0356 1017 –0.70 0.48

From risperidone 0.0068 0.0467 1017 0.15 0.88

From olanzapine 0.0643 0.0379 1017 1.70 0.09

Intercept –54.4191 53.8501 175 –1.01 0.31

Abbreviations: BMI, body mass index; CGI-S, Clinical Global
ImpressionsFSeverity; df, degrees of freedom.
aBecause baseline BMI did not differ significantly between groups, the BMI
variable was collapsed and entered as one baseline variable.
bNonfasting.
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large effect size estimates (Cohen’s d) for decreases in body
weight and BMI for patients switched from olanzapine (1.00
and 0.97, respectively) and risperidone (0.70 and 0.74,
respectively).
Patients who switched from conventional antipsychotic

drugs as a group did not experience weight loss. This group
serves as an important point of comparison with patients
switched from risperidone and olanzapine. This contrast,
together with the results of the regression analysis showing
that the weight loss in the groups previously treated with
olanzapine or risperidone was most strongly associated with
the time elapsed since last exposure to these medications,
suggests that the observed improvements in weight and BMI
were primarily related to removal of the prior antipsychotic
drug. Supporting this inference, the 58-week estimate of
weight loss for patients switched to olanzapine in this study
(�9.8 kg) was similar to published estimates of the amount
of weight gained over 1 year in patients initiating therapy
with olanzapine (Nemeroff, 1997). Furthermore, the mean
baseline weight and BMI of those switched from conven-
tional antipsychotic drugs was similar to those who
switched from atypical antipsychotic drugs, strongly
suggesting patient weight loss was not simply a result of
regression to the mean.
Data were not available to determine whether patients

switching from conventional antipsychotics agents had been
previously exposed to atypical agents. It is therefore difficult
to identify the underlying causes of the elevated BMI status
of the group treated with conventional antipsychotics before
the switch. However, patients with schizophrenia tend to
weigh more and have higher BMIs than matched controls
in the general population (Coodin, 2001). Although the
reasons for this are not well understood, it is likely due to a
combination of factors including the underlying illness,
lifestyle, diet, lack of exercise, and antipsychotic medication
effects (Henderson et al, 2006; Brown et al, 1999; Daumit
et al, 2005; Newcomer and Haupt, 2006; Goldman, 1999;
Wirshing, 2004; Farwell et al, 2004). It is possible that
ziprasidone may tend to reverse weight gain associated with
atypical antipsychotic treatment but has a more limited
effect on weight gain associated with other lifestyle-related
factors.
Another important observation was that the significant

reductions in lipid levels observed 6 weeks after starting
ziprasidone were sustained over the ensuing year of
maintenance treatment. The largest decrease observed was
the mean (MMRM) reduction in triglycerides in the pre-
switch olanzapine group (30% at 6 weeks; 21% at 58 weeks).
This finding is similar to the improvement that can be
expected among patients treated with statins (Hebert et al,
1997). Decreases in triglycerides in the pre-switch risper-
idone group (17% at 6 weeks; 16% at 58 weeks) were also
clinically relevant. The reduction in total cholesterol in all
three groups was not as large (4–11% at 6 weeks, 5–9% at 58
weeks) but was nonetheless statistically significant and
sustained. Consistent with the current results are data from
the Clinical Antipsychotic Trials of Intervention Effective-
ness (CATIE) study. In CATIE phase 1, ziprasidone was the
only study medication associated with improvements in all
weight and metabolic variables (Lieberman et al, 2005,
p 1215). In CATIE phase 2, patients who discontinued their
phase 1 study medication experienced a decrease in total

cholesterol and triglyceride levels when switched to either
ziprasidone or risperidone compared when switching to
either olanzapine or quetiapine (Stroup et al, 2005).
The relatively rapid, marked decreases in plasma lipid

levels followed by sustained effects in all three groups were
notably different from the gradual but continuous reduction
in weight and BMI observed in the pre-switch olanzapine
and risperidone groups. This finding is consistent with
previous studies that have demonstrated that antipsychotic
medication-related increases in lipid levels (Newcomer,
2005; Meyer and Koro, 2004; Newcomer et al, 2002) and
insulin resistance (Casey et al, 2004; Meyer and Koro, 2004;
Newcomer et al, 2002) can occur independently of changes
in weight or adiposity.
Reductions in weight, BMI, and lipid levels of the

magnitude seen in this study are associated with significant
reductions in cardiovascular events and mortality (NHLBI,
1998; NCEP, 2001). These results have important implica-
tions for patients with schizophrenia, among whom
cardiovascular disease accounts for almost one quarter of
excess mortality (Brown et al, 2000).
The weight loss associated with 58 weeks of ziprasidone

treatment in patients previously treated with olanzapine
(10.3% of initial body weight, MMRM) or risperidone (7.8%
of initial body weight, MMRM) is greater than that reported
in other long-term studies of pharmacologic approaches
to weight reduction. Placebo-controlled studies which
assessed the efficacy of metformin (Baptista et al, 2006) over
14 weeks or sibutramine (Henderson et al, 2005, 2007)
over 12 weeks in reducing weight gain associated with several
atypical antipsychotics found no clinically or statistically
significant weight loss in the treatment groups vs placebo.
In the metformin trial, a worsening of the lipid profile was
noted in the placebo group but improvements were not
noted in the active comparator group; markers of insulin
resistance improved in both treatment and placebo groups
(Baptista et al, 2006; Faulkner et al, 2007). Additionally,
weight loss of only about 5% of initial body weight was
observed after 1 year in nonpsychiatric populations using
agents such as orlistat or sibutramine (Padwal et al, 2004).
The weight loss noted above in this study was also greater
than that reported in studies of diet and exercise programs
of equal duration among nonpsychiatric populations
specifically seeking weight loss. In those studies, mean
weight loss was typically around 5% of initial body weight
(Norris et al, 2004; Sheppard et al, 1991). Moreover, a recent
Cochrane review reported very small effect sizes for patients
treated with metformin, sibutramine, and psychosocial
interventions (Faulkner et al, 2007).
The addition of psychosocial interventions to reduce

weight among patients treated with atypical antipsychotics
has also been evaluated. In a 6-month controlled study by
Littrell et al, patients (N¼ 70) were randomized to receive
weekly education classes or standard care. At study
endpoint, the mean change in weight of the intervention
group was �0.06 lb, while the mean change in weight of the
standard care group was 9.57 lb (Littrell et al, 2003). Brar
et al (2005) found a significant reduction (po0.05) in
weight among patients receiving behavioral treatment
(�4.4 lb) vs standard care (�2.42 lb) over a 14-week period.
Despite the improvements in subject weight observed
during these trials, it still remains unclear whether such
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gains would be maintained over longer periods of time.
Furthermore, the role of dietary and lifestyle changes and
the effect, if any, on the lipid profile were not examined.
A 52-week trial examined the effect of a multimodal weight

control program in a small population (n¼ 31) of subjects
with schizophrenia (Menza et al, 2004). This trial evaluated
weight and BMI as primary efficacy variables as well as
change in hemoglobin A1C , blood pressure, and lipids. The
findings from the intervention group were compared to the
charts of patients (n¼ 20) at the same institutions for which
height and weight data were available during the same time
period in which the intervention study was carried out.
A statistically significant mean weight loss of 6.6 lb was observed
in the intervention group compared to a mean weight gain
of 7.0 lb in the control group (p¼ 0.01). This correlates to a
mean decrease in BMI of 1.7 vs an increase of 2.6 for the
reference group (p¼ 0.01). No statistically significant
changes in lipids were noted.
As yet, there are no published reports on the long-term

(X6 months) use of pharmacotherapy for weight loss in
patients taking atypical antipsychotic medications. Indepen-
dent of any benefits that might be observed, it remains
unclear whether anorectic agents would need to be given
continuously in order for the weight loss to be sustained, or
whether adverse effects and drug interactions would compli-
cate the use in this population. The robust effect of certain
therapeutic substitutions on body weight should provide an
important point of comparison with respect to efficacy, risks,
and cost when considering any alternative approach to weight
reduction in the schizophrenia patient population.
The patients switched to ziprasidone from predominantly

high-potency conventional antipsychotic drugs served as an
important comparison with the patients switched from second-
generation agents. The lack of significant change in weight,
BMI, and triglyceride levels in the patients switched from high-
potency conventional agents is consistent with prior research
demonstrating limited effects of these agents on weight and
lipids (Allison et al, 1999) and argues against a nonspecific
effect of study participation on the changes observed after the
switch to ziprasidone from olanzapine or risperidone.
The patients studied were drawn from a variety of

outpatient clinical settings. Other than the change in
antipsychotic medication, there were no other psychosocial
or pharmacologic interventions that were part of the
protocol, suggesting that changes in weight, BMI, and lipid
levels are likely to be related to the change in antipsychotic
medication. The change in weight and lipid levels associated
with the three pre-switch medication regimens studied are
consistent with the published literature on the rank order of
relative risks these agents pose for weight gain and adverse
effects on metabolic variables (Newcomer, 2005; Arato et al,
2002; Bobes et al, 2003; McIntyre et al, 2003).
Limitations of this study include the lack of a control

group or groups that did not change medication. In
addition, the baseline sample may overrepresent patients
who experienced weight gain while on their prior medica-
tions. However, even if such a selection bias did occur, the
findings remain relevant to the management of patients
who experience weight gain during a course of treatment
with second-generation antipsychotic drugs. Alternatively,
because inclusion in the study was not limited to patients
who had experienced weight gain or hyperlipidemia in their

prior course of treatment, the current results may provide a
conservative estimate of changes in body weight or lipids
that could occur in patients undergoing a similar medica-
tion switch specifically for these reasons.
The fact that only patients who had successfully completed

a short-term switch study were eligible for the extension
studies may have skewed the composition of the extension-
period population toward patients who had already lost
weight while taking ziprasidone. This is unlikely, however, as
patients switched from conventional antipsychotic drugs
were equally likely to continue with ziprasidone despite the
absence of any overall effect on body weight.
Other limitations include a lack of control for patient

lifestyle factors such as diet and exercise regimens, lack of
laboratory data to evaluate glucose homeostasis and insulin
resistance, a nonrandom effect of nonfasting blood work
(ie time to last meal and size of last meal) in relationship to
pre-switch antipsychotic, and a lack of data regarding
reason for the switch (ie weight gain, dyslipidemia, or
unrelated to these primary outcome variables).
Finally, we assessed nonfasting, rather than fasting, lipid

levels. While fasting triglyceride levels are preferred as an
indication of insulin resistance, nonfasting triglyceride
levels have shown utility as predictors of cardiovascular
disease and are at least as useful as fasting levels for this
purpose (Eberly et al, 2003). Similarly, several recent studies
have demonstrated that differences between fasting and
nonfasting measurements of serum cholesterol fractions are
not substantial, and have concluded that nonfasting levels
are adequate for most clinical purposes (Weiss et al, 2003;
Desmeules et al, 2005; Craig et al, 2000).
In this study, the mean daily ziprasidone dose was

120mg. This dose is similar to the mean modal dose in
phase 1 of the CATIE trial (Lieberman et al, 2005). The
optimal ziprasidone dose for patients with schizophrenia is
thought to be in the range of 120–160mg/day (Nemeroff
et al, 2005; Joyce et al, 2006; Mamo et al, 2004). Further
studies are needed to determine whether doses of ziprasi-
done 4120mg/day can provide additional efficacy in
patients with schizophrenic illness.
The results from this study suggest that therapeutic

replacement of an antipsychotic drug more associated with a
risk for weight gain and dyslipidemia with one less associated
with these adverse events may favorably affect weight, BMI,
and lipid fractions associated with adverse health outcomes.
The magnitude of beneficial effects on weight is comparable
with those observed with existing diet and exercise regimens,
with or without adjunctive pharmacotherapy to promote
weight loss. Similarly, the magnitude of beneficial effects on
lipid levels associated with such therapeutic substitutions is
similar to benefits obtained with existing lipid-lowering
treatments. Future research, particularly involving risk-benefit
and cost analyses, should directly compare therapeutic
substitution of antipsychotic medications with alternative
behavioral and pharmacologic approaches to weight loss and
lowering of lipid levels in this patient population.
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