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Objective: The purpose of this study was to estimate and compare the effects of anti-
psychotics—both the newer ones and the conventional ones—on body weight. Method: A
comprehensive literature search identified 81 English- and non-English-language articles
that included data on weight change in antipsychotic-treated patients. For each agent, a
meta-analysis and random effects metaregression estimated the weight change after 10
weeks of treatment at a standard dose. A comprehensive narrative review was also con-
ducted on all articles that did not yield quantitative information but did yield important qual-
itative information. Results: Placebo was associated with a mean weight reduction of 0.74
kg. Among conventional agents, mean weight change ranged from a reduction of 0.39 kg
with molindone to an increase of 3.19 kg with thioridazine. Among newer antipsychotic
agents, mean increases were as follows: clozapine, 4.45 kg; olanzapine, 4.15 kg; sertin-
dole, 2.92 kg; risperidone, 2.10 kg; and ziprasidone, 0.04 kg. Insufficient data were avail-
able to evaluate quetiapine at 10 weeks. Conclusions: Both conventional and newer anti-
psychotics are associated with weight gain. Among the newer agents, clozapine appears
to have the greatest potential to induce weight gain, and ziprasidone the least. The differ-

ences among newer agents may affect compliance with medication and health risk.

(Am J Psychiatry 1999; 156:1686—1696)

Antipsychotic (neuroleptic) medications are an im-
portant therapeutic option for many individuals with
schizophrenia and other psychoses. For these medica-
tions to be maximally beneficial, they must have an ac-
ceptable side effect profile and be taken as prescribed.
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One untoward effect of many antipsychotic drugs is
weight gain (1). The extent of weight gain apparently
varies by drug, which may be because of the drugs’
differing degrees of action on the serotonergic (2),
dopaminergic (3), cholinergic (2), histaminergic (4),
and other neurotransmitter systems.

Obesity is a threat to health and longevity (5). Given
that over one-third of the adults in the United States
are obese (6), practices causing major weight gain de-
serve careful consideration. Obesity and weight gain
have been associated with hypertension, type II dia-
betes, coronary heart disease, stroke, gallbladder dis-
ease, osteoarthritis, sleep apnea and respiratory prob-
lems, and some types of cancer (endometrial, breast,
prostate, and colon) (7). Moreover, obesity is a com-
mon concomitant of schizophrenia (8), and schizo-
phrenic individuals appear to be at increased risk for
certain obesity-related conditions such as type II dia-
betes and cardiovascular disease (9-12).

Weight gain may also cause patients taking antipsy-
chotic medications to discontinue their medications,
which may predispose them to relapse (1). Historically,
the extrapyramidal side effects of antipsychotics out-
weighed any nonextrapyramidal side effects. With the
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TABLE 1. List of Drugs Evaluated in 81 Studies
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Drug Class

Brand Name(s)

Manufacturer

Chlorpromazine Phenothiazine
Thioridazine/mesoridazine Phenothiazine
Fluphenazine Phenothiazine
Perphenazine Phenothiazine
Trifluoperazine Phenothiazine

Thiothixene Thioxanthene

Loxapine Dibenzodiazepine
Clozapine Dibenzodiazepine
Risperidone Benzisoxazole
Haloperidol Butyrophenone
Molindone Dihydroindolone
Pimozide Diphenylbutylpiperidine

Thioxanthene
Piperazine phenothiazine

Chlorprothixene
Prochlorperazine

Olanzapine Thienobenzodiazepine
Quetiapine? Dibenzothiazepine
Sertindole? Phenylindole derivative

Ziprasidone? Benzisothiazolylpiperazine

Thorazine SmithKline Beecham
Mellaril, Serentil Novartis (Sandoz), Boehringer Ingelheim
Prolixin Apothecon

Trilafon, Triavil Schering, Merck
Stelazine SmithKline Beecham
Navane Pfizer

Loxitane Lederle

Clozaril Novartis (Sandoz)
Risperdal Janssen

Haldol McNeil

Moban Gate

Orap Gate

Taractan Roche

Compazine SmithKline Beecham
Zyprexa Eli Lilly

Seroquel Zeneca

Serlect Abbott

Zeldox Pfizer

aNot approved by the Food and Drug Administration at the time this research was conducted.

advent of newer “atypical” antipsychotics, extrapyra-
midal side effects are becoming less of a problem.
These recent developments in antipsychotics have
made it imperative to revisit the topic of antipsychotic-
induced weight gain. Therefore, we conducted a com-
prehensive, quantitative review of the research litera-
ture regarding the amount of weight gain associated
with each antipsychotic drug available or undergoing
clinical trials in the United States.

METHOD

Antipsychotics eligible for inclusion were those that are approved
for use as antipsychotic agents in the United States or that were not
currently approved but were under investigation in humans for use
as antipsychotics. A list (table 1) was compiled from Hyman et al.
(13), the 1997 edition of the Physicians’ Desk Reference, and expert
colleagues.

To avoid publication bias (14, 15) we retrieved both published
and unpublished studies and conducted the most comprehensive
search possible according to White’s guidelines (16). The search con-
sisted of the following. 1) References were searched for with the use
of the computerized databases MEDLINE (1966 to November
1996), PsychINFO (1967 to October 1996), CINAHL (1982 to Sep-
tember 1996), HealthSTAR (1975 to October 1996), and Disserta-
tion Abstracts International (1861 to January 1997). (Contact the
first author for the search terms used.) 2) In an “ancestry analysis”
(17), references were obtained from bibliographies of articles re-
trieved through computerized literature searches. 3) Several types of
consultation were used to retrieve further information: informal
consultation with expert colleagues in the field; contacts with au-
thors of primary studies obtained through other search procedures,
requesting more information and asking whether they knew of addi-
tional data of which we should be aware; and registered letters sent
to the manufacturer of each compound under study, requesting a list
of published and unpublished studies with respect to that compound
and weight gain. To companies that provided data and/or expressed
an interest (Janssen, Eli Lilly, Pfizer, Zeneca), we offered the oppor-
tunity to check our raw data files on their compounds for accuracy.

The literature search yielded over 350 reports, which were then
screened for eligibility. To be eligible for this review, a study had to
include human subjects, have a sample size greater than one, not be
a review article, investigate at least one compound listed in table 1,
and measure weight change after initiating use of the drug.
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English- and non-English-language articles were considered. Four
non-English articles were located and read by individuals fluent in
the articles’ languages. Only an article by Aberg (18) contained suf-
ficient information and met the eligibility criteria. Six studies met the
criteria but were rejected because they investigated prenatal expo-
sure to neuroleptic drugs (one study) or studied patients suffering
from anorexia nervosa or Huntington’s chorea (five studies). In one
case, only part of a study was used; specifically, from a study by
Heimberg et al. (19) that compared individuals who were on a
weight-reducing diet and taking clozapine with those who were not
on such a diet but taking clozapine, only the data on the group not
in the diet condition were used, because the diet condition did not
represent usual conditions of use.

Coding and Data Extraction

Studies were coded by one investigator (J.L.M.) and spot-checked
by one of two other investigators (M.H. or D.B.A). When a discrep-
ancy was found (a fairly rare event), the coders met to discuss and re-
solve the discrepancy.

The mean and standard deviation of weight change and the size of
each group were the three essential pieces of information needed
from the studies. In many cases, these data were reported directly in
the article and simply recorded. However, in other cases, they were
not. In this latter situation, one of several approaches was taken in
the following order of preference.

1. Missing means, standard deviations, or sample sizes were di-
rectly calculated by using other information available in the article
(for example, t, F, or p values) and standard statistical formulas (20).

2. If the article was published in 1990 or later, we attempted to
contact the authors for more information.

3. Two other procedures were used to estimate (rather than di-
rectly calculate) the necessary statistics. One method was used when
data were presented in “binned” categories (e.g., “Ten percent of the
patients gained no weight, 30% gained 0-5 pounds, 40% gained 5—
15 pounds, and 20% gained more than 15 pounds”). In these situa-
tions, by using the categories and the proportions of subjects in each
category, the missing mean and/or standard deviation was estimated
by maximum likelihood methods; that is, we simply found the esti-
mates of the means and the standard deviations that maximized the
likelihood of the observed data by using the normal distribution like-
lihood function (21). The second method was used when the stan-
dard deviation was not reported but the range was (e.g., “Weight
change ranged from —4 kg to +15 kg”). In this case we adapted the
approach of Tippett (22), who published tables that, given the sam-
ple size, provide the expected ratio between the sample range and the
standard deviation. Using Tippett’s method, we estimated the stan-
dard deviation.
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ANTIPSYCHOTIC-INDUCED WEIGHT GAIN

TABLE 2. Authors’ Descriptions of Weight Change Due to Antipsychotic Drugs

Dose Number %
Study Year Drug (mg/day)  of Subjects Duration of Study Mean Age (years) Male
Bechelli et al. (32) 1985 Haloperidol —a 41 6 months 33 100
Darling (33) 1971 Haloperidol 1.5-20 30 5 months 18-56 —
Falloon et al. (34) 1978 Fluphenazine 25 19 1 month to 1 year 39 (range=17-60) 45
Pimozide 8 24 (1 month); 1 month to 1 year 39 (range=17-60) 45
19 (1 year)
Frazier et al. (35) 1994 Clozapine 370.5 11 6 weeks 14 73
Hanlon et al. (36) 1970 Fluphenazine 6.6 211 32 days 36 27
(and/or chlordiaze-
poxide, imipramine)
Hemphill et al. (37) 1975 Clozapine 100-600 52 6-12 months — 42
Huttunen et al. (38) 1995 Risperidone 4-20 48 6 weeks Median=34.0 50
Lindstrom (39) 1989 Clozapine — 96 12 years 36.1 67
Naber et al. (40) 1992 Clozapine 191 480 49 days 34 42
Nair et al. (41) 1977 Clozapine 75-800 19 12 weeks 39.3 84
Norris and Israelstam (42) 1975 Clozapine — 13 — Adolescents —
Povlsen et al. (43) 1985 Clozapine 317 85 Mean=2.75 years (men) 37 85
and 3 years (women)
Other neuroleptics — 131 Mean=2.75 years (men) 37 85
and 3 years (women)
Rada and Donlon (44) 1972 Thioridazine 800 max. 13 8 weeks 40 30
Sletten and Gershon (45) 1966  Chlorpromazine — 18 18 days — —
Small et al. (46) 1997 Quetiapine <250; <750 159 6 weeks 22 76
Winkelman (47) 1964  Chlorpromazine 205 200 6 months to 10 years — —
Wistedt et al. (48) 1984 Haloperidol 122 25 20 weeks 39.1 68
Fluphenazine 84 26 20 weeks 35.6 62
Young (49) 1970 Fluphenazine 6.25-250 103 — — —

2100 mg/month.

TABLE 3. Duration of Treatment at the Time Weight Change
Was Measured?

Duration of Treatment (weeks)

Drug or Study Condition Mean Minimum Maximum
Chlorpromazine 8.8 1 36
Clozapine 20.7 4 84
Nonpharmacologic control 7.5 2 16
Fluphenazine 37.6 3 84
Haloperidol 12.3 2 56
Loxapine 43.2 12 104
Molindone 7.4 1 13
Olanzapine 217 1 52
Perphenazine 2.0 2 2
Pimozide 40.0 40 40
Placebo 10.9 4 52
Risperidone 13.0 1 30
Sertindole 8.7 7 14
Thioridazine/mesoridazine 10.1 4 36
Thiothixene 16.8 3 36
Trifluoperazine 5.0 2 8
Ziprasidone 14.3 6 52
Quetiapine 5.4 3 6
Polypharmacy 23.0 2 100
Total 17.3 1 100

a0ne poorly controlled study with follow-ups as long as 11 years
was excluded as an outlier.

4. If only the standard deviation was missing, it was estimated as
the square root of the weighted average variance across all other stud-
ies where the weights used were the sample sizes in each study. It was
necessary for a standard deviation to be available in order to estimate
the variance of the mean for each study, so that the inverse of this vari-
ance could be used as a weighting factor in subsequent analyses.
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Finally, if none of these methods could be used to estimate the
mean, standard deviation, and size of a study sample or a subgroup
within a study, that study or subgroup was excluded from further
consideration in the formal statistical meta-analysis. The total num-
ber of studies yielding usable data was 81. These studies yielded a to-
tal of 418 estimates of weight change in some antipsychotic drug
condition or nondrug control condition. Of these 418 data points,
96.7% of the means, 69.6% of the standard deviations, and 100%
of the numbers of study subjects were obtained by transcription or
calculation, and the remainder by some form of estimation or impu-
tation. Table 2 shows the mean and range of time on medication (in
weeks) for the observed data points on each drug.

Analysis of the Data

Before the statistical meta-analysis was conducted, a verbal over-
view was done, because several articles provided descriptive data on
weight change that could not be included in the quantitative analysis
but nevertheless offered some information. Key quotations that
characterized the effect of the drugs in question were extracted from
such articles.

Statistical analyses were conducted with SPSS, version 7.5 (23).
The effects of antipsychotic drugs were analyzed separately for each
drug, since preliminary analyses indicated marked differences
among the specific compounds in terms of their effects. Because
most studies did not include a placebo comparison group, the effect
size we used was the raw weight change from baseline to posttreat-
ment. Only 18 studies included placebo comparisons. By using the
pretreatment-to-posttreatment weight change in all studies, we were
able to make full use of all of the available data.

Since there were 19 different drugs/conditions (including placebo;
nonpharmacologic, nonplacebo control; and polypharmacy), 19
separate analyses were conducted (one for each condition). For each
condition we attempted to calculate the weighted mean weight
change and standard error based on both a fixed effects model (24)
and a random effects model (24). Although both the fixed and ran-
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Findings

“The number of patients who gained 5 kg or more was 3/19 (16%) in the HD [haloperidol decanoate] group” (p. 669).

“There was no edema, oversedation or increased weight” (p. 33).

Five experienced weight gain after one month; 10 experienced weight gain after 1 year/relapse.
Eight experienced weight gain after 1 month; 10 experienced weight gain after 1 year/relapse.

“The most prominent side effects were hypersalivation (eight cases), sedation (seven), and weight gain (seven)” (p. 660).

“Overall mean weight gain was only 1-2/3 Ibs” (p. 175).

“Weight gain: most cases gained about 1 kg/week for 6 weeks and weight remained stable thereafter” (p. 2122).

“No relevant changes occurred in clinical laboratory parameters or body weight” (p. 275).

“Common but usually mild side effects were sedation, hypersalivation, weight gain, and obstipation” (p. S85).

Thirteen percent experienced weight gain (7.1% experienced slight weight gain; 4.1% experienced moderate weight gain; 1.8% experi-

enced severe weight gain).

“Weight gain occurred in seven patients; the pre-drug versus post-drug change for the group being significant at the p<.01 level. One patient

gained 27 pounds” (p. 289).

“Four patients have gained between 10 and 20 kg within a period of 2 months” (p. 385).

Eleven people (12.9%) gained weight.
Fourteen people (10.7%) gained weight.

“Eight [patients] on thioridazine showed weight gain” (p. 375).

“Weight increased abruptly with onset of chlorpromazine administration and decreased rapidly after cessation of medication” (p. 30).

“Treatment with quetiapine was associated with clinically significant weight gain (an increase of 27% from baseline weight) in 25% of the
patients in the high-dose group compared with 16% in the low-dose group and 5% in the placebo group” (p. 556).

Eighteen people gained weight; three experienced excessive weight gain.

“A trend in weight increases for both men and women which favoured haloperidol compared to fluphenazine after 20 weeks of treatment
was found. In the haloperidol group 12 had lower weight and 10 higher after 20 weeks of treatment” (p. 810).

“For fluphenazine 7 had lower and 18 higher weight” (p. 810).
“93% of the patients lost weight and 5% gained weight” (p. 708).

dom effects estimates are presented in the tables, only the random ef-
fects estimates are discussed in the text, given the significant hetero-
geneity present for most compounds (see the Results section).

For each drug, when sufficient data (i.e., six or more data points)
were available, we regressed mean weight change on standardized
drug dosage and length of treatment. One older, poorly controlled
study (25) was eliminated because it was an outlier, and its exception-
ally long follow-up of 11 years caused it to act as a leverage point
(26); all of the other follow-ups were less than 200 weeks long. These
regressions were conducted as weighted least squares multiple regres-
sions, where the weights were equal to the inverse of the variances of
the dependent observations. To more reasonably compare drugs by
controlling for different dosage levels, we calculated standardized
doses by dividing the actual doses used in the studies by the midpoint
of the recommended dose range and taking the natural log of the re-
sulting ratio. (Although we adhered to this procedure for all drugs in
the interest of consistency, it is possible that in some cases, the mid-
point of the recommended dose range may not have been the best
estimate of the standard dose. Therefore, for the atypical antipsy-
chotics, haloperidol, and thioridazine [the most commonly used
drugs], we conducted a sensitivity analysis by recomputing the re-
sults. We replaced the standardized dose first with the typical dose in
chlorpromazine equivalents according to APA’s Practice Guideline
for the Treatment of Patients With Schizophrenia [27] and second
with the average dose used in clinical settings as reported in the peer-
reviewed literature.) Recommended dose ranges were obtained from
the appendix of a consensus report (28), the Physicians’ Desk Refer-
ence, or the drug manufacturer. The regression equation we used was
Dyg=Po + B1(weeks — 10) + Ba(weeks — 10)2 + B3(D) + B4(D)? + e, where
Dy is weight change in kilograms, the Bs are parameters to be esti-
mated, weeks is number of weeks of treatment, D is the standardized
dose calculated as described above, and e is an error term. In this
equation, 3o is a direct estimator of weight change at 10 weeks at the
standard dose. For placebo, nonpharmacologic control, and poly-
pharmacy, dosage information was not included in the regression.
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Using the aforementioned equation, we estimated the weight-pro-
moting effects of each drug at the midpoint of its recommended dose
at 10 weeks with the use of both fixed effects (29) and random ef-
fects (30) models. Ten weeks was chosen as the time point because
this value required no extrapolation beyond the observed data for
any drug.

Finally, we used pairwise comparisons for the estimated weight
changes at 10 weeks at the standard dose of each compound. The
significance of differences was tested with a z statistic. The quantity
(6i  6;)/(+SE?[8;] + SE2[6}]) is asymptotically (in the number of sub-
jects not the number of means) distributed as a standard normal de-
viate, where 6; and 8; are the estimates of weight change for the ith
and jth compounds, respectively (29). To account for multiple com-
parisons, we used Monte Carlo simulation with 100,000 simulated
data sets to determine the z value that, given the number of tests be-
ing conducted, would hold the overall alpha rate to the two-tailed
0.05 level. The simulated data were generated from a model with
normal distribution based on the sample sizes we had. (For the con-
cept behind this approach, see reference 31.) The critical z value ob-
tained was 3.31. Therefore, any pairwise comparison yielding a z
statistic greater in absolute value than 3.31 is statistically significant
even after accounting for conducting multiple comparisons. This is
slightly less conservative than the 3.41 required for the ordinary
Bonferroni correction.

RESULTS

Table 3 displays the results from the verbal overview.
The statements regarding specific drugs may be useful
to clinicians and patients considering use of these
drugs. On a very general level, two conclusions can be
drawn from this tabulation. First, many drugs do seem
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TABLE 4. Estimated Weight Change in Patients Taking Study Drugs

Weight Change (kg):

Estimated Weight
Change (kg)

Weight Change (kg): Test for Heterogeneity Random Effects at 10 Weeks:

Drug or Study Condition Fixed Effects Model in Fixed Effects Model Model Fixed Effects ModelP
and Number of Studies? Mean 95% CI X2 df p Mean 95% CI Mean 95% ClI
Chlorpromazine (N=25; 13) 6.19 5.84 t0 6.54 746.2 24 <0.0005 419 294t05.44 2.10 0.85t03.35
Clozapine (N=14; 12) 4.37 4.00t0 4.74 148.2 13 <0.0005 5.67 4.34t07.00 3.99 272t05.26
Fluphenazine (N=11; 10) 0.95 0.73t0 1.17 142.0 10 <0.0005 1.13 0.09to02.17 0.43 -0.65t01.51
Haloperidol (N=25; 19) 0.18 0.02t00.34 785 24 <0.0005 0.51 0.20to0 0.82 0.48 0.07to 1.03
Loxapine (N=5; 3) 0.75 0.06to 1.44 71.4 4 <0.0005 0.65 -2.56 to 3.86 — —
Molindone (N=17; 10) -1.06 -1.51to0-0.61 154.0 16 <0.0005 -0.10 -1.39t01.19 -0.81 -2.16t00.54
Nonpharmacologic control (N=7; 4) 0.79 0.46to 1.12 21.0 6 0.002 0.82 0.08to 1.56 1.33 0.84t01.82
Olanzapine (N=157; 7) 1.53 1.49to 1.57 4009.8 156 <0.0005 417 3.70t0 4.64 351 3.29t03.73
Perphenazine (N=4; 4) 2.79 1.631t03.95 194 3 <0.0005 5.77 0.44t011.10 — —
Pimozide (N=2; 2) -3.53 -7.65100.59 21.1 1 0.15 -2.69 -9.30t03.92 — —
Placebo (N=25; 22) -0.50 -0.70t0-0.30 238.7 24 <0.0005 -0.97 -1.79t0-0.15 -0.41 -1.29to 0.47
Polypharmacy (N=26; 13) 0.47 0.25t0 0.69 89.9 25 <0.0005 0.46 0.24t00.68 1.22 0.36t02.08
Quetiapine (N=8; 3)d 2.61 2.07t03.14 28.8 7 <0.0005 249 151t03.47 — —
Risperidone (N=38; 26) 1.38 1.28t01.48 289.6 37 <0.0005 167 1.38t01.96 2.00 1.61to2.39
Sertindole (N=7; 4) 2.94 2.70t0 3.18 6.2 6 0.39 294 2.70t03.18 292 1.761t04.08
Thioridazine/mesoridazine (N=16; 12)  1.97 1.581t02.36 129.1 15 <0.0005 281 1.59t04.03 349 1.75t05.23
Thiothixene (N=4; 3) 231 1.45t0 3.17 5.2 3 0.16 289 1.01to4.77 — —
Trifluoperazine (N=2; 2) 0.34 -0.86t01.54 0.1 1 0.75 0.34 -0.86t01.54 — —
Ziprasidone (N=25; 22) 0.64 0.40t00.88 69.2 24 <0.0005 0.28 -0.271t00.83 0.04 -0.49to 0.57

a2 Some of the observations entering into the calculations are not independent (i.e., they may be from the same subjects measured at mul-
tiple points in time). This was not taken into account in calculation of the standard errors. The Ns shown are total number of means and
number of independent cohorts the means came from. The number of means will always be greater than or equal to the number of inde-
pendent means, because some cohorts may have been measured at multiple points in time. However, the number of independent means
can exceed the number of trials, because some trials contained more than one independent cohort. For example, six trials provided data
on ziprasidone, but because the data for men and women were provided separately and several different dose conditions were used with
multiple groups, the six trials yield 22 independent cohorts.

b Estimated from the fixed effects fitted regression (see text).

FIGURE 1. 95% Confidence Intervals for Weight Change After 10 Weeks on Standard Drug Doses, Estimated From a Random
Effects Model
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to induce clinically meaningful weight gain. Second,
many authors report their weight gain data in an in-
complete, idiosyncratic, and poorly defined manner.
This is clearly an area that would benefit from guide-
lines and standardization.

Table 4 displays the results from the quantitative
meta-analysis in detail. (Because of space limitations,
studies used in the meta-analysis but not cited are not
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listed in the reference list. A complete reference list can
be obtained from the first author.) The second column
in table 4 indicates the estimated mean weight change
across all studies with the use of a fixed effects model
(29) and the 95% confidence interval for that mean.
These means, though interesting, are probably not
maximally informative, because the studies varied
greatly in terms of length of treatment and dosage.
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Estimated Weight

Test for Change (kg)

Random Effects Variance at 10 Weeks:
or 10-Week Estimate Random Effects Model®

X2 df p Mean 95% ClI

68.4 20 <0.0005 2.58 0.91t0 4.25
38.3 9 <0.0005 4.45 3.02t05.88
6.9 6 0.23 0.43 -0.651t0 1.51
63.3 20 <0.0005 1.08 0.35t01.81
495 12 <0.0005 -0.39 -2.43t0 1.65
1.5 2 0.69 1.33 0.84t0 1.82
709.5 152 <0.0005 4.15 3.82t04.48
237.1 20 <0.0005 -0.74 -1.60t0 0.12
75.3 21 <0.0005 1.82 0.84 t0 2.80
161.9 33 <0.0005 2.10 1.69to 2.51
0.2 2 0.88 2.92 1.76 to 4.08
32.9 11 0.0003 3.19 1.39to 4.99
21.2 20 0.39 0.04 —-0.49 to 0.57

¢ Estimated with the same predictors as in the fixed effects model.
However, the estimates and their standard errors were derived it-
eratively through maximum likelihood, as described by Rauden-
bush (30).

d Because the maximum duration for this drug was 6 weeks, esti-
mates at 10 weeks are not reported so as to avoid extrapolations.
When the effects were evaluated at 6 weeks, the estimates were
2.18 kg (95% Cl=1.53-2.83) for both fixed and random effects
models. For random effects variance for the 6-week estimate, x%=
1.55, df=3, p=0.67.

This heterogeneity among studies is indicated by the
chi-square test for heterogeneity in the third column.
In almost all cases, the values are highly significant, in-
dicating that different studies with different durations
and different dosages gave different answers. There-
fore, we used a random effects estimate in the fourth
column. This takes between-study variation into ac-
count but does not specifically attribute this variation
to sources such as study duration and dosage. In the
fifth column there is an estimate of the 10-week weight
change based on a fixed effects regression (29) as de-
scribed earlier. The chi-square values to the right of
this column are calculated according to Raudenbush
(30). As can be seen, for many drugs the heterogeneity
tests were no longer significant, indicating that ac-
counting for dosage and duration adequately ex-
plained the variation among studies. However, in some
cases, the chi-square statistics were still significant,
suggesting the importance of using a random effects
model. The final column contains the point estimates
for each drug for patients on standard doses for 10
weeks. These were calculated by means of the regres-
sion described earlier. We believe that these estimates
in the final column of table 4 are the most reasonable
estimates. Figure 1 summarizes these results graphi-
cally. Several points are noteworthy.

First, subjects in placebo conditions typically lost
about 0.74 kg. This may be because in many of the pla-
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cebo-controlled studies, subjects were taking some
other neuroleptic drug before the trial. Therefore,
when this drug was removed, some of the weight gain
it previously induced may have been lost. Another pos-
sibility is that studies including placebo usually have
acutely psychotic subjects, and food intake may be
lower in individuals whose acute psychotic symptoms
are not improved.

Two drugs, molindone and pimozide, were also as-
sociated with weight loss. In the case of molindone,
this has been reported previously in the literature (50—
52). Although the estimated weight loss with molin-
done (-1.06 kg) was significant overall, the estimated
loss at 10 weeks (—0.39 kg) was not significant. For pi-
mozide, the estimated weight loss was 2.69 kg (in the
random effects model), but the standard error was
quite large and the estimate was not significantly dif-
ferent from zero.

For other drugs, the degree of weight gain, estimated
by the random effects regression at 10 weeks, ranged
from 0.04 kg for ziprasidone (not significantly differ-
ent from zero) to 4.45 kg for clozapine. Among the five
new atypical antipsychotics in the study (ziprasidone,
risperidone, sertindole, olanzapine, and clozapine),
ziprasidone had the lowest weight gain (0.04 kg) and
clozapine had the highest (4.45 kg). Table 5 contains z
statistics and p values for pairwise significance tests
comparing the estimated 10-week weight changes for
patients taking the specific compounds. Although re-
ported data were somewhat limited, there was little ap-
parent difference across drugs in the average age of
subjects in the studies and in the percentage of male
subjects.

Finally, table 6 shows results of a sensitivity analysis
of estimated 10-week weight gains (random effects
model) based on different definitions of standard dose.
The results are quite robust to the choice of standard
dose except for clozapine, which does not show sizably
different weight gains (between 2.96 and 4.45 kg)
across the different standard doses.

DISCUSSION

Most neuroleptic drugs were associated with weight
gain. It does not appear as though any of this weight
gain can be attributed to a placebo effect, since pa-
tients on placebo appear to have lost weight. The de-
gree of weight gain clearly increased with time for the
drugs considered. Weight gain was estimated at 10
weeks because there were many data for this time in-
terval. However, estimated weight gain while patients
are taking a drug for longer periods would be expected
to be substantially higher. This expectation is based on
both the physics and the physiology of weight gain
(59) and empirical observations from studies of se-
lected compounds for which longer-term data were
available (60).
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TABLE 5. Results of Pairwise Tests of Differences Between Drugs’ Estimated Effects on Weight at 10 Weeks (z statistics above di agonal
Drug or Study Nonpharmacologic
Condition Chlorpromazine Clozapine Fluphenazine Haloperidol Molindone Control Olanzapine Placebo
Chlorpromazine 1.67 -2.12 -1.62 -2.21 -1.41 1.81 -3.47
Clozapine 0.09 —4.40 —4.12 -3.81 —4.04 —-0.40 -6.09
Fluphenazine 0.03 <0.0001 0.98 -0.70 1.49 6.46 -1.66
Haloperidol 0.11 <0.0001 0.33 -1.33 0.56 7.54 -3.17
Molindone 0.03 0.0001 0.48 0.18 1.61 431 -0.31
Nonpharmacologic

control 0.16 0.0001 0.14 0.58 0.11 9.33 —4.09
Olanzapine 0.07 0.69 <0.0001 <0.0001 <0.0001 <0.0001 -10.37
Placebo 0.0005 <0.0001 0.10 0.002 0.76 <0.0001 <0.0001
Polypharmacy 0.44 0.003 0.06 0.23 0.05 0.38 <0.0001 0.0001
Risperidone 0.58 0.002 0.005 0.02 0.02 0.02 <0.0001  <0.0001
Sertindole 0.74 0.10 0.002 0.008 0.006 0.01 0.05 <0.0001
Thioridazine 0.62 0.28 0.01 0.03 0.01 0.05 0.30 0.0001
Ziprasidone 0.004 <0.0001 0.52 0.02 0.69 0.0004 <0.0001 0.13

a Absolute z values greater than 3.31 are significant even after accounting for the multiple comparisons conducted. Only drugs for which
a 10-week estimate was available are included in this table. The random effects estimates were used.

TABLE 6. Analysis of Sensitivity of Estimated Weight Gain at 10 Weeks, From Random Effects Models, According to Three Alter-
native Definitions of Standard Drug Dose

Chlorpromazine

Standardized Dose?® Equivalents? Average Dose®

Dose  Weight Gain Weight Gain Dose  WeightGain Source of Information
Drug (mg/day) (kg) Dose (kg) (mg/day) (kg) on Average Dose
Clozapine 500 4.45 250 2.96 468 4.28 Conley et al. (53)
Haloperidol 11 1.08 10 1.09 9 1.09 Muller-Siecheneder et al. (54)
Olanzapine 125 4.15 125 4.15 13.2 4.15 Nemeroff (55)
Risperdone 10 2.10 7.5 2.06 5.9 2.00 Jeste et al. (56)

9.4 2.09 Lindstrom et al. (57)

Thioridazine/mesoridazine 375 3.19 500 2.45 378 3.17 Keks et al. (58)

a Actual doses used in studies, divided by the midpoint of the recommended dose range and with the natural log of the resulting ratio taken.
b Dose equivalent to 500 mg of chlorpromazine according to APA’s Practice Guideline for the Treatment of Patients With Schizophrenia (27).

¢ Average dose used in clinical settings as reported in the peer-reviewed literature.

Limitations of the Study

This study has several limitations. First, standard er-
rors were calculated under the assumption that all ob-
servations were independent, which was not true in ev-
ery case because some studies assessed subjects at
repeated time points. When such data were available,
we included all data points in the interest of using all
available information. Our estimates of weight change
with use of the weighted least squares method remain
accurate (i.e., unbiased), but their standard errors may
be too small. Ordinarily, one would take this depen-
dency into account through the use of generalized least
squares estimation (26). Unfortunately, generalized
least squares implementation requires knowledge of
the covariance structure among the observations, and
this information was not available. Therefore, the
standard errors presented here and the significance lev-
els based on them may, in some cases, be biased. To es-
timate the plausible degree of this bias, we assumed
that all dependent observations had a correlation as
high as 0.90 and conducted the fixed effects regression
analyses through generalized least squares. The largest
putative change in standard error for any drug oc-
curred with chlorpromazine and was 59%. For no
other drug did the increase in estimated standard error
exceed 4%. Thus, this sensitivity analysis suggests that
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our standard errors are unlikely to have been under-
estimated to any substantial degree.

A second limitation concerns our inability to exam-
ine the extent to which weight change with antipsy-
chotic drugs varied as a function of patients’ character-
istics, such as age, sex, and initial body mass index.
Unfortunately, the limited information presented in
each study on the distributions of age, sex, and starting
body mass index and the limited number of studies
available for each drug precluded inclusion of terms
for such patient characteristics in the metaregressions.

A third limitation is that for most drugs, insufficient
information was available to provide precise estimates
of weight change when patients were on the drug for
extended periods of time, such as 6 months or more.
Although we initially attempted to calculate such esti-
mates, this frequently required extrapolations outside
the observed range of data, and the resulting estimates
were often extremely imprecise (i.e., had very large
standard errors).

Strengths of the Study

To our knowledge, this is the most comprehensive
literature synthesis on antipsychotic-induced weight
gain to date. Although it is plausible that some studies
assessing the effect of antipsychotic medications on
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and two-tailed per-comparison p values below diagonal)?

Poly-
pharmacy Risperdone Sertindole Thioridazine® Ziprasidone
-0.77 —-0.55 0.33 0.49 -2.85
-2.97 -3.09 -1.63 -1.07 -5.67
1.87 2.84 3.09 2.57 —-0.64
1.19 2.40 2.64 2.13 —2.27
1.92 2.35 2.77 2.58 0.40
0.88 2.36 2.48 1.95 -3.51
-4.41 —7.59 -2.00 -1.03 -12.88
3.84 5.83 4.97 3.85 151
0.52 1.42 1.31 -3.13
0.60 1.31 1.16 -6.02
0.16 0.19 0.25 —4.44
0.19 0.25 0.80 -3.29
0.002 <0.0001 <0.0001 0.001

b |ncludes both thioridazine and mesoridazine.

body weight were not discovered by our literature
search, our procedures kept this to a minimum. We
conducted a thorough search of the electronic litera-
ture and made efforts to access undetected literature
through the “Invisible College” and formal contacts
with pharmaceutical companies. Moreover, we con-
ducted electronic searches of databases that also in-
clude unpublished literature, such as Dissertation Ab-
stracts International and PsychINFO.

A common problem in meta-analysis is inadequate
and incomplete reporting of key information in the pri-
mary articles. We attempted to minimize the impact of
such incomplete reporting by contacting authors when
feasible. Moreover, for studies that did not yield suffi-
cient information to be included in the formal quanti-
tative synthesis, we still attempted to extract whatever
information was available in these reports and provide
that in a structured verbal overview (table 2).

Our literature retrieval procedures also maximized
the chances of obtaining relevant unpublished data.
Publication bias is a commonly acknowledged prob-
lem in applied research. This problem confronts all lit-
erature reviewers, whether they conduct formal meta-
analyses or not. We believe our efforts were quite
strong in this regard and therefore should serve to min-
imize publication bias.

Clinical Implications

In the early days of chlorpromazine pharmaco-
therapy, Planansky and Heilizer (61) reported that
weight gain was associated with symptom improve-
ment, and weight loss was associated with symptom
deterioration. The subsequent availability of multiple
antipsychotic medications has led to the observation
that weight gain is a common side effect of antipsy-
chotic treatment. There is some conjecture that the
drugs which cause the most weight gain are the most
effective. However, results are inconsistent and equivo-
cal (58, 62—65), and further research is needed on this
question.
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How clinically meaningful are these degrees of
weight gain? Some compounds were estimated to pro-
duce close to a 5-kg weight gain at 10 weeks. Further-
more, the shorter-term controlled studies usually in-
cluded data on all subjects, whereas long-term use was
usually restricted to individuals showing a positive
therapeutic response to the drug. If therapeutic re-
sponse and weight gain are correlated (which may or
may not be true), then this would imply that the 10-
week weight gain may be higher than we have esti-
mated. On the basis of the compounds for which
longer-term data were available (chlorpromazine, cloz-
apine, and olanzapine), it seems clear that although
weight gain might reach a plateau after a certain pe-
riod (e.g., for olanzapine, after 4-5 months), total
weight gain will still be much larger after periods
longer than 10 weeks. Thus, weight gains far in excess
of 5 kg may be seen in patients on long-term therapy.
However, even a weight gain of 5 kg will represent a
weight gain of more than 5% of initial body weight for
the majority of individuals. To place this in perspec-
tive, it is useful to consider that a number of authorita-
tive bodies, such as the Institute of Medicine (66), have
suggested that weight losses of as little as 5% in obese
individuals can result in clinically meaningful reduc-
tions in morbidity and risk of early mortality. It might
be plausible, then, to expect that increases in body
weight of as much as 5% would result in correspond-
ing increases in morbidity and risk of early mortality.

Although the literature assessing the effects of
weight gain on “hard” end points reveals a complex
set of relations and modifiers, certain general conclu-
sions can be drawn. For end points such as mortality
(67, 68), incidence of cancer (69, 70), cardiovascular
disease (71, 72), and diabetes (73), when factors such
as smoking are accounted for, it appears that weight
gains of 5% or greater during the adult lifespan are as-
sociated with important increases in risks. This is espe-
cially true for individuals who are overweight to begin
with. Finally, although results are clearly preliminary,
emerging data suggest that the drugs causing weight
gain (i.e., clozapine and olanzapine) may, perhaps as a
result, also be causing type II diabetes (74-77). Clearly,
then, antipsychotics can induce medically meaningful
degrees of weight gain.

Weight gain induced by antipsychotic drugs may
also discourage patients from reliably taking their
medication. This would, in turn, increase the likeli-
hood of relapse. Although we are aware of no data
that would allow precise quantification of the impact
of weight gain on compliance with medication, we
have observed that a number of patients complain of
weight gain and occasionally report it as a reason for
noncompliance. On the other hand, in studies con-
ducted with olanzapine, Tollefson et al. (78) and Beas-
ley et al. (60) found that for acute trials and studies
lasting a year, drug discontinuation attributed to
weight gain was quite rare. For example, in a 6-week
study, Tollefson et al. (78) found that “none of 1,336
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olanzapine-treated patients discontinued early because
of weight gain.”

Given this background, it is important to consider
methods for minimizing the impact of weight gain in-
duced by antipsychotic drugs. One approach might be
to implement weight control procedures with schizo-
phrenic individuals who are taking antipsychotic med-
ications. Several such efforts have been made in the
past, including pharmacologic (79, 80) and nonphar-
macologic (81-85) approaches. In some cases, particu-
larly with subjects in inpatient settings, results have
been good. However, results with outpatients are less
clear, and more research on this topic is needed. Some
investigators have even begun to explore the potential
of amantadine in pharmacologic treatment specifically
for neuroleptic-induced weight gain (86-88), but this
is not a generally accepted treatment at this time.

The use of pharmacologic treatments of obesity with
this population may present challenges. With one ex-
ception (89), all pharmacologic agents for the treat-
ment of obesity that are currently available or likely to
be released in the very near future achieve their effects
by increasing noradrenergic, dopaminergic, and/or se-
rotonergic activity (90). In contrast, antipsychotic
medications typically achieve much of their cffect by
decreasing dopaminergic and serotonergic activity.
Therefore, the use of pharmacologic agents to treat
obesity in individuals with schizophrenia may exacer-
bate their psychotic symptoms (91-95). Indeed, weight
loss itself has even been reported to provoke psychotic
symptoms in rare cases (96). Therefore, any use of cen-
trally acting pharmacologic agents to treat obesity in
this population should be undertaken with the utmost
caution and, in our opinion, be preceded by well-con-
trolled clinical trials to establish efficacy and safety.

Finally, the selection of the right compound for the
right patient might minimize the impact of weight gain
with antipsychotic medications. There are schizo-
phrenic individuals who are sufficiently thin that
weight gain would likely be harmless and perhaps even
beneficial (8). In such cases, not all weight gain will
necessarily represent fat. Studies also indicate that
weight gain is highest in individuals with a low base-
line body mass index (60). Although these patients are
rare, for such patients there would be little reason to
avoid the use of drugs that produce greater degrees of
weight gain. However, for patients with an average
body mass index or higher or patients with a history of
obesity, clinicians may wish to consider using com-
pounds associated with less weight gain. The estimates
provided in table 4 may help clinicians make such
choices. The preceding notwithstanding, we wish to
emphasize that weight gain should never be a sole rea-
son for choosing one antipsychotic drug over another.
Both therapeutic efficiency and other factors such as
dose-related extrapyramidal syndromes should also be
considered in drug selection. For many individuals the
degree of risk imposed by the weight gain from a drug
will not outweigh the degree of benefit achieved by al-
leviation of schizophrenic symptoms. In the end, clini-
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cal choices must be made on a case-by-case basis, with
careful consideration of issues of weight, therapeutic
efficacy, and other relevant factors.
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