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Are Weight Gain and Metabolic Side Effects of  
Atypical Antipsychotics Dose Dependent? 

A Literature Review

Viktoria Simon, M.D.; Ruud van Winkel, M.D., Ph.D.;  
and Marc De Hert, M.D., Ph.D.

Background: Numerous publications have  
provided evidence for clinically important meta-
bolic adverse effects of antipsychotics, but there is 
no systematic evaluation as to whether weight gain 
and other metabolic changes are dose dependent.

Objective: This review of the available literature 
aimed to explore a possible relationship between 
dosage of second-generation antipsychotics (SGAs) 
and the degree of metabolic side effects.

Data Sources: A literature review was con-
ducted in 3 steps: (1) Articles published between 
1975 and 2004 were identified on the basis of the 
bibliography of an extensive review of the metabol-
ic effects of SGAs. (2) Articles published between 
2004 and 2008 were identified by a PubMed search 
with the keywords weight gain, metabolic, glu-
cose, insulin, and lipid AND dose combined with 
amisulpride, aripiprazole, clozapine, quetiapine, 
risperidone, sertindole, and ziprasidone. (3) A hand 
search was conducted based on the bibliography of 
the identified articles.

Study Selection and Data Extraction: All 
studies that provided information on metabolic 
side-effects in different dose ranges were selected. 
Data extraction was carried out independently by 
2 observers.

Data Synthesis: Preliminary evidence suggests 
a dose-response relationship between clozapine 
and olanzapine serum concentrations and meta-
bolic outcomes, although the association between 
administered daily dose and metabolic outcomes 
is not clear. Data are controversial with regard to 
risperidone, and no study has as yet assessed ris-
peridone serum concentrations in association with 
metabolic outcomes. For the other SGAs, there was 
little evidence to suggest a dose-response relation-
ship, although, in these agents also, no assessment 
of serum concentrations was conducted.

Conclusions: The finding that metabolic com-
plications may be associated with clozapine and 
olanzapine plasma concentrations provides further 
evidence for a causal contribution to the metabolic 
disturbances observed with these agents. Further 
well-designed, prospective studies investigating a 
possible association between SGA serum concen-
trations and metabolic outcomes are needed.
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Second-generation antipsychotics (SGAs) are an effec-
tive treatment for patients with schizophrenia and have 

a reduced risk of extrapyramidal side effects compared to 
first-generation antipsychotics.1–7 However, there is substan-
tial evidence that certain SGAs are associated with clinically 
significant weight gain, increased risk for insulin resistance, 
hyperglycemia, type 2 diabetes mellitus, and dyslipidemia 
compared with first-generation antipsychotics.8–11

Weight gain, which is considered to be a risk factor for 
type 2 diabetes mellitus and cardiovascular disease, is one 
of the most widely studied adverse effects of SGAs. Findings 
in the literature consistently showed that individual SGAs  
differ in their liability to induce weight gain or other meta-
bolic effects.8,10–12 Generally, olanzapine and clozapine were 
found to be associated with the highest risk of clinically 
significant weight gain, followed by quetiapine, risperidone, 
and sertindole. Amisulpride, ziprasidone, and aripipra-
zole have the lowest risk for clinically significant weight 
gain.8,10,11,13–19 These differences are mirrored in the indi-
vidual SGA receptor binding affinity.20,21 Besides the affinity 
for dopamine D2 receptors, SGAs have varying affinity for 
histamine, serotonin (5-HT), glutamate, α-adrenergic, and 
muscarinic receptors. Kroeze et al.21 analyzed the relation-
ship between SGA receptor-binding profiles and side effects 
and found that the affinity to the H1 histamine receptor was 
the most robust predictor of an SGA potential to induce 
weight gain. This finding was supported by others20,22,23 and 
is in line with several animal models in the literature. For 
example, the observed effect of SGAs on a hypothalamic 
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enzyme (adenosine monophosphate [AMP]-kinase), which 
is involved in potentially orexigenic processes, was abol-
ished in H1 knockout mice.23 Furthermore, an association 
was also found between the binding affinity for 5-HT1A, 
5-HT2C, α-adrenergic, and D2 receptors and the drug’s pro-
pensity to induce weight gain.22

The risk for dyslipidemia and type 2 diabetes mellitus 
are less-studied metabolic side effects. However, there is 
growing evidence that clozapine and olanzapine are asso-
ciated with elevated risk for dyslipidemia, hyperglycemia, 
and type 2 diabetes mellitus, while published data are more 
controversial regarding the risk with risperidone and que-
tiapine.11,18,24 Ziprasidone, amisulpride, and aripiprazole 
do not seem to affect blood glucose regulation or have a 
negative effect on serum lipid levels.8,13–15,19 Based on the 
few published studies on the effect of sertindole on serum 
glucose or lipids, sertindole seems to carry a low risk for 
hyperglycemia, while there was no clinically significant 
effect of sertindole on lipid levels observed.7,25,26 The dif-
ferent potential of SGAs to induce hyperglycemia and type 
2 diabetes was also connected to certain receptor binding 
affinities, such as affinity for 5-HT2C, H1, and M3 muscarinic 
receptors.20,22,27–29 Animal models also support these find-
ings, as, for example, 5-HT2C knockout mice develop insulin 
resistance and impaired glucose tolerance in addition to ex-
periencing severe weight gain.30 In a canine model, Ader et 
al.31 reported that olanzapine not only caused weight gain, 
increased adiposity, and insulin resistance in dogs, but also 
blocked β-cell compensation.

Although there is growing evidence that the SGA re-
ceptor-binding affinity determines in part its potential to 
cause metabolic side effects, the underlying mechanisms 
are incompletely understood.21 Genetic factors further 
complicate the understanding of these mechanisms. For 
example, among treatment-naive patients, a specific variant 
of the 5-HT2C receptor gene seems to be protective against 
olanzapine-induced weight gain, compared to the wild-type 
polymorphism.20,32,33

Although there is a wealth of evidence on the existence 
and clinical importance of metabolic adverse effects of 
SGAs, there is less information on whether there may be a 
relationship with the dose. It is plausible to hypothesize that 
the degree of receptor occupancy (i.e., dose) is an important 
determinant for the induction of metabolic side effects. This 
review of the available literature aims to explore a possible 
relationship between SGA-induced metabolic effects and 
dose.

METHOD

A literature search for relevant articles was carried out in 
3 steps. First, articles published between 1975 and 2004 were 
identified on the basis of the bibliography of an extensive 
review of metabolic effects of SGAs.11 Second, articles pub-
lished between 2004 and 2008 were identified by a PubMed 

search with the keywords: weight gain, metabolic, glucose, 
insulin, lipid AND dose combined with amisulpride, ari-
piprazole, clozapine, quetiapine, risperidone, sertindole and 
ziprasidone. Third, a hand search was conducted based on 
the bibliography of the identified articles. From the iden-
tified articles, all studies that provided information on 
metabolic side effects in different dose ranges were selected. 
Data extraction, from the selected studies, was carried out 
independently by 2 observers.

RESULTS

Sixty relevant articles were identified, 15 reviews 
and 45 original papers, posters, or oral presentations at 
conferences.

The majority of information about a possible relationship 
between dose of a specific antipsychotic agent and metabolic 
outcomes is derived from large, controlled clinical trials and 
retrospective data analysis of these studies. Additional data 
were found in clinical or observational studies—generally 
with relatively small sample sizes—controlled or uncon-
trolled for another agent or placebo.

We summarize the results on possible dose-dependent 
effects of each individual SGA agent in separate sections.

Clozapine
Clozapine is considered to have the highest poten-

tial for weight gain, hyperglycemia, type 2 diabetes, and 
dyslipidemia.8,17,19,24

Six studies assessed a possible association between clo-
zapine dose and metabolic outcomes (Table 1). Three of 
these studies suggested the possibility that metabolic effects 
of clozapine are dose related.34–36 One study reported no re-
lationship between dose and new-onset diabetes mellitus in 
a 5-year naturalistic study,37 and another study reported no 
dose effect on weight gain in a small naturalistic sample.38 
One small study reported an inverse association between 
daily dose of clozapine and weight gain, more specifically 
that significantly more weight gain was observed in re-
sponders to lower doses of clozapine (mean = 220 mg/day 
vs. 608 mg/day).39 However, at baseline, low-dose respond-
ers had a lower weight, and both groups reached similar 
weights at endpoint of the study (21 months).

Melkersson et al.40 and Melkersson and Dahl41 used a 
different approach, namely investigating the association 
between serum clozapine levels and, among others, serum 
insulin, glucose, and triglyceride levels. There are great 
differences between subjects in plasma concentrations of 
clozapine even when given equal doses, mainly because of 
large interindividual pharmacokinetic variations.42 Cloza-
pine is metabolized in the liver, and specific enzymes (e.g., 
CYP1A2 and CYP2D6 from the cytochrome P450 enzyme 
family) are considered to be responsible for its metabolism. 
The activity of these enzymes is influenced by genetic and 
environmental factors resulting in the aforementioned 
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interindividual differences in clozapine metabolism.42,43 In 
the first study of Melkersson et al.,40 it was found that insulin 
levels were positively associated with serum clozapine con-
centration but not with daily clozapine dose. In the second 
study, serum clozapine concentration was associated with 
hyperinsulinemia and hypertriglyceridemia, again inde-
pendent of daily dose.41

Olanzapine
Olanzapine is considered to have a high potential for 

causing weight gain and a high risk for causing hyperg-
lycemia, type 2 diabetes, and dyslipidemia, perhaps even 
similar in magnitude to that of clozapine.8,11,12,17–19,24 This 
fact recently led to a label change required by the U.S. 
Food and Drug Administration.13 Mean weight gain over 
a 1-year period was reported to be greater than 6 kg, based 
on pooled data of clinical trials with multiple doses of olan-
zapine assessed.17

Eleven articles were found in which data on the relation-
ship between daily dose of olanzapine and metabolic effects 
were reported. The vast majority of these studies did not 

find dose-dependent metabolic effects (Table 2).44–48 There 
are 2 studies that found dose-dependent weight gain dur-
ing treatment with olanzapine.49,50 The first (n = 431) was 
a short-term, double-blind, controlled, randomized clini-
cal trial. However, doses ranged from 1 mg (as placebo) 
to 2.5 mg–17.5 mg, with the majority of these doses below 
the recommended therapeutic range.49 This limitation was 
previously noted by others.11,17 

The second study was a recent study by Kinon et al.50 
This study was a short-term, multicenter, randomized, 
double-blind, parallel fixed-dose study including 599 pa-
tients in 3 randomized treatment groups receiving 10 mg, 
20 mg, or 40 mg daily doses of olanzapine. A significant 
dose-related change in mean weight gain was found with 
significant difference between the 10-mg and the 40-mg 
groups, although differences compared to the 20-mg group 
were not significant. However, this finding is complicated 
by the fact that the authors did not find a correlation be-
tween olanzapine plasma concentration and weight gain.51 
In addition, baseline antipsychotic use also impacted the 
dose response, since, for patients who were not taking an 

Table 1. Studies Investigating Whether Metabolic Effects of Clozapine Are Dose Related

Study Design
Sample 

Size Duration Dosage Relevant Results
De Leon et al34a Double-blind, randomized, 

3 phase (nonresponders 
in the first phase could 
go on to second phase, 
nonresponders of the 
second phase could go 
on to the third phase)

50 16–48 wk  
(each phase 
16 wk)

Multiple fixed dosages:
 100 mg/d
 300 mg/d
 600 mg/d

Mean weight gain by the end of 15th wk:
 Total sample: 2.8 ± 4.9 kg
 100 mg/d: 1.3 ± 4.7 kg
 300 mg/d: 2.6 ± 4.9 kgb

 600 mg/d: 4.4 ± 5.1 kgb

Frankenburg et al35a Open-label follow-up, 
uncontrolled

42 1 y NR Mean ± SD BMI baseline:
 Female: 23.2 ± 6.3
 Male: 26.4 ± 3.7
Mean ± SD BMI endpoint:
 Female: 29.1 ± 5.5
 Male: 29.7 ± 5.1

Henderson et al37 Naturalistic follow-up 
study, uncontrolled

82 5 y NR 36.6% of the subjects developed  
diabetes mellitus, unrelated to dose

Hummer et al38 Naturalistic follow-up 
study, haloperidol as 
control condition

82 ≈ 6 y Mean ± SD = 240.6 ±  
57 mg/d

Clinically relevant weight gain (> 10% 
from baseline) was found in 35.7%  
of the patients, unrelated to dose  
(data NR)

Jalenques et al39 Open-label 15 21 mo Mean = 220 mg/d  
(low-dose group)  
and 608 mg/d  
(high-dose group)

Weight gain in both groups, but 
significantly more weight gain in 
responders to low dose (mean: 12.5 kg) 
versus patients requiring higher dose 
over time (mean: 5 kg) (responders 
to low dose, however, had 5 kg lower 
weight at baseline)

Lu et al36 Prospective, randomized, 
open-label

68 12 wk Monotherapy < 600 mg/d 
clozapine at endpoint: 
mean ± SD = 307.4 ±  
120.8 mg/d; combined at 
endpoint: mean ± SD =  
130.1 ± 56.3 mg/dc +  
fluvoxamine

Only in monotherapy group: significantly 
increased weight, BMI, and glucose, 
triglyceride, and cholesterol levels; 
dependent of serum norclozapine  
level

aBased on multiple regression analysis, weight gain or BMI was dose related.
bSignificantly higher than 0.
cSignificant difference between treatment groups (p < .05).
Abbreviations: BMI = body mass index, NR = not reported.
Symbol: ≈ = approximately.
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Table 2. Studies Investigating Whether Metabolic Effects of Olanzapine Are Dose Related
Study Design Sample Size Duration Dosage Relevant Results
Beasley et al49 Double-blind RCT 431 6 wk 1 mg 

5 ± 2.5 mg
10 ± 2.5 mg
15 ± 2.5 mg

Data NR: “weight gain was associated 
with increasing olanzapine dose”

Kinon et al50 Multicenter, double-
blind RCT

599 8 wk 10 mg
20 mg
40 mg

Significant dose response (p = .003); 
mean change (kg) to endpoint 
(SD): 10 mg = −1.9 (3.5), significant 
difference from 40 mg (p = .002); 20 
mg = –2.3 (4.2); 40 mg = –3.0 (4.0)

Jones et al46 Retrospective analysis of 
Eli Lilly data

> 3000
> 400

6 wk to 2 y NR Data NR; dose was not a significant 
predictor of long-term changes in 
weight (based on Kinon et al51)

Kinon et al51 Retrospective analysis of 
a double-blind RCT

573 39 wk to 3 y 5–20 mg Dose was not found to be significantly 
predictive of changes in weight 
(p > .183)

Lindenmayer et al52 Open-label, crossover 45 14 wk 20–40 mg Significant effect on weight gain by 
the mean dose in the last week of 
treatment (F = 6.3, df = 1,42; p  < .01) 
and by olanzapine doses over 20 mg/d 
(F = 3.9, df = 1,42; p < .05)

Melkersson et al41 Cross-sectional, 
comparison of 
clozapine and 
olanzapine

16 (34 all) Mean duration 
of treatment 
before analysis: 
1.2 y (range, 
0.5–5.5 y)

7.5–20 mg Serum insulin and triglyceride levels 
were correlated to the ratio of serum 
olanzapine and N-methyl-olanzapine 
concentrations, whereas serum fasting 
glucose was inversely correlated to 
serum concentration of N-methyl-
olanzapine; insulin: r = 0.63, 
p = .008; glucose: r = −0.54, p = .03; 
triglycerides: r = 0.51, p = .04

Hennen et al45 Double-blind RCT +  
extended open- 
label phase

113 bipolar I 3 wk + 1 y NR Data NR; BMI increase was not related 
to dose

Lee et al48 Case-control study 
comparing olanzapine 
and risperidone, with 
retrospective analysis 
of case records

28 pairs 
Chinese 
population

Mean ± SD 
duration of 
treatment 
before analysis: 
103.5 ± 47.4 d

Mean ± SD dose: 
12.4 ± 6.7 mg

Data NR; mean daily dose had no effect 
on weight gain

Dunayevich et al44  Retrospective analysis 
of 4 double-blind 
RCTs 

615 6 to 26 wk 5 mg
10 mg
15 mg
20 mg

Weight gain was significantly greater 
in patients of the 15-mg group than 
in the 5-mg (all subjects and 26-wk 
completers only: both p = .02) and 
10-mg (all: p = .01; 26-wk completers: 
p = .05) groups; 20-mg group did not 
differ significantly from any other 
treatment group

Perry et al53 Retrospective analysis 39 6 wk NR > 20.6 ng/mL serum olanzapine 
concentration was associated with 
clinically significant weight gain (> 7% 
BMI change) even after controlling 
for confounders (OR = 10.1, 95% 
CI = 1.3 to 75, p = .024); dose, after 
controlling for confounders, did not 
relate to weight change (OR = 3.0, 95% 
CI = 0.6 to 14.5, p = .1644)

Mitchell et al54 Double-blind, 
randomized

37 30 d A: 20 mg for 20 d
B: 30 mg for 10 d and 

40 mg for 10 d
C: 40 mg for 20 d

A: 17%; B: 27%; and C: 14% of the 
subjects gained weight; these cases 
did not follow a dose-dependent 
pattern

Abbreviations: BMI = body mass index, NR = not reported, RCT = randomized controlled trial.
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SGA before study entrance, no significant dose and weight 
gain relationship was found. Furthermore, no significant 
difference was found between the dose groups in the per-
centage of patients with clinically significant (≥ 7%) weight 
gain. Taking into consideration the short-term aspect of 
the study, the authors suggested that higher-than-standard 
doses of olanzapine may be associated with greater weight 
gain compared to standard doses.50 No statistically signifi-
cant dose-response relationship was found with respect to 
fasting glucose, triglycerides, or cholesterol.50

An open-label, uncontrolled switch study of 45  
treatment-refractory patients found that patients who re-
ceived less than 20 mg/day gained significantly more weight 
than those who received higher doses.52

Three studies also investigated whether metabolic effects 
were associated with olanzapine plasma concentration, or 
its metabolite, N-methyl-olanzapine. Melkersson and 
Dahl41 observed a correlation between the ratio of serum 
olanzapine and N-methyl-olanzapine concentrations and 
serum insulin and triglyceride levels, whereas an inverse 

correlation between N-methyl-olanzapine concentration 
and serum fasting glucose was found, suggesting that the 
N-methyl-olanzapine could have a counter-acting effect on 
olanzapine-associated metabolic changes. Furthermore, no 
association was found between olanzapine daily dose and its 
serum concentration. Perry et al.53 reported an association 
of plasma olanzapine concentration with amount of weight 
gained, which was independent from the daily olanzapine 
dose. The third study investigated the short-term phar-
macokinetics and tolerability of high doses of olanzapine 
(20–40 mg) on a relatively small sample of patients. This 
study found that clinically significant weight gain did not 
follow a dose-dependent pattern when using high doses of 
olanzapine.54 The magnitude of weight gain (approximately 
3 kg across all doses over the duration of the study) was 
similar to that observed with approved doses of olanzapine. 
Additionally, no cases of dose-dependent, olanzapine- 
induced impaired glucose tolerance were found. Although 
this study did not conduct a systematic analysis on whether 
any association existed between serum concentrations of 

Table 3. Studies Investigating Whether Metabolic Effects of Risperidone Are Dose Related
Study Design Sample Size Duration Dosage Relevant Results
Marder and Meibach56 Double-blind RCT 233 (340 all) 8 wk 2 mg, 6 mg, 

10 mg, and 
16 mg fixed 
doses

Weight gain was associated with dose of 
risperidone (p < .05)

Peuskens57 Double-blind RCT 1362 8 wk 1 mg, 4 mg, 8 
mg, 10 mg, 
and 12 mg 
fixed doses

Mean weight increase between 0.3 kg (1 
mg) and 1.6 kg (8 mg); 8 mg, 10 mg, and 
12 mg groups had significantly higher 
weight increase than haloperidol group 
(data NR)

Kelly et al61 Retrospective analysis 70a 6 mo 0.5–10 mg No correlation between dose and weight 
gain (r = 0.296, p = .2332)

Buitelaar59 Open-label 26a 1 y 0.5–4 mg 8% of patients gained 8–10 kg; correlation 
between dose and weight gain reported

Cohen et al62 Retrospective chart 
review

37 patients 
with mental 
retardation

2 y 4–6 mg Mean weight gain: 8.3 kg; no correlation 
between dose and weight gain was 
reported

Hellings et al60 Controlled 11a 1 y 1–3 mg Mean weight gain in children: 8.2 kg; 
in adolescents: 8.4 kg; no correlation 
between dose and weight gain was 
reported

Csernansky et al63 Double-blind, 
prospective

177b 364 d Mean ± SD =  
4.9 ± 1.9 mg

Mean weight gain: 2.3 kg; no correlation 
between dose and weight gain was 
reported (data NR)

Fleischhacker et al64 Open-label 615c 1 y 25mg, 50mg, 
and 75 mg 
depot

Mean weight gain:
 25 mg: 1.7 kg
 50 mg: 2.6 kg
 75 mg: 1.9 kg

Lane et al58 Prospective, open-label 146 subjects 
from China 
and Taiwan

6 wk Mean ± SD =  
4.3 ± 1.4 mg

On the basis of multiple linear regression 
analysis, dose was a predictor for 
weight gain (1-mg increment: 
estimated coefficient = 0.0839; standard 
error = 0.0344; P = .0148)

Lee et al48 Retrospective analysis 
of case reports, 
comparison between 
olanzapine and 
risperidone

28 pairs 
Chinese 
population

Mean ± SD 
duration of 
treatment 
before analysis: 
93.2 ± 50.6 wk

Mean ± SD =  
4.5 ± 2.8 mg

Mean ± SD weight gain: 2.74 ± 8.09 kg; no 
correlation between dose and weight 
gain was reported (data NR)

aChildren and/or adolescents.
b44.1% Dropout from the risperidone group due to reason other than relapse.
c65% Completed the study.
Abbreviations: NR = not reported, RCT = randomized controlled trial.
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olanzapine and weight gain or glucose tolerance, the au-
thors reported great interindividual differences in plasma 
concentrations when applying the same dosage, but at the 
same time plasma concentration levels followed a dose-
proportional pattern with increasing dosage.54

Risperidone
Risperidone is associated with a moderate level of weight 

gain, hyperglycemia, and type 2 diabetes mellitus, and a low 
risk for dyslipidemia.24 Pooled data of clinical trials with 
multiple doses of risperidone indicated a mean weight gain 
of 2 to 3 kg over a 1-year period.11,17 Data are inconclusive 
on whether metabolic changes induced by risperidone are 
dose-related. Eleven articles were identified in this literature 
search. One of them was a case report on a 32-year-old, 
drug-naive, female patient with dose-related excessive 
weight gain (20% of baseline body mass index [BMI]) and 
dyslipidemia during 6 weeks of treatment with risperidone.55 
Five of the studies also suggested a possible dose-response 
relationship to metabolic complications (Table 3). An early, 
large, double-blind, controlled randomized study compar-
ing placebo and haloperidol to fixed doses of risperidone 
found that weight gain was associated with daily dose.56 A 
similar study using fixed doses of risperidone reported a 
mean weight increase varying between 0.3 kg (with dose  
of 1 mg/day) and 1.6 kg (with 8 mg/day).57 However, this 
study did not systematically report data of weight gain in 
all dose groups separately nor did it formally assess a pos-
sible significant association between dose and weight gain. 
A similar short-term (6-week) study including subjects 
from China and Taiwan and evaluating directly the pos-
sible predictors of risperidone-induced weight gain, found  

a significant association between weight gain and dose of ris-
peridone.58 Two further studies suggested dose-dependent 
weight gain during treatment with risperidone; however, 
both of these studies were conducted with children and/
or adolescents, making it difficult to compare the results to 
those obtained in adults.59,60 In contrast, 1 study with adoles-
cents did not find a relationship between risperidone dose 
and weight gain.61

Two retrospective analyses including a relatively small 
number of subjects48,62 and 2 prospective studies with a large 
sample,63,64 the latter (Fleishhacker et al.64) investigating the 
long-acting injectable formulation of risperidone, reported 
no correlation between daily dose of risperidone and weight 
gain (Table 3).

Quetiapine
Quetiapine is considered to have moderate risk, compa-

rably similar to that of risperidone, for clinically significant 
weight gain, type 2 diabetes mellitus, and dyslipidemia.8,17,24 
According to Newcomer and Haupt,17 mean weight gain 
over a 1-year period is about 2 to 3kg, when pooling data 
of clinical trials with multiple doses of quetiapine.

There are 6 studies investigating whether the meta-
bolic effects of quetiapine are dose related (Table 4). A 
double-blind placebo-controlled clinical trial (n = 361),2,17 
an open-label extension phase of controlled and uncon-
trolled clinical trials (n = 178),65 and 2 critical analyses of 
previous studies66,67 found no association between the daily 
dose of quetiapine and clinically significant weight gain. At 
the same time, a retrospective analysis of long-term data on 
352 subjects68—working with observed cases, unlike most 
of the other studies in this field that used last-observation-

Table 4. Studies Investigating Whether Metabolic Effects of Quetiapine Are Dose Related

Study Design
Sample 

Size Duration Dosage Relevant Results
Small et al69 Double-blind RCT 268 6 wk High dose > 750 mg

Low dose < 250 mg
25% of patients in high-dose group and 16% of patients 

in low-dose group gained clinically significant weight 
(> 7% from baseline)

Arvanitis and Miller2 Double-blind RCT 361 6 wk 75–750 mg multiple 
fixed doses

Mean (SD) weight gain, kg:
 75 mg: 0.09 (1.98)
 150 mg: 2.9 (6.38)
 300 mg: 2.0 (4.4)
 600 mg: 2.6 (5.1)
 750 mg: 2.3 (5.1)

Jones et al66 Critical retrospective 
analysis

NR 1 y > 675 mg Mean weight gain: 2.13 kg; no correlation between dose 
and weight gain reported

Rak et al67 Critical retrospective 
analysis

360 1 y Mean: 428 mg Mean weight gain: 2.77 kg; no correlation between dose 
and weight gain reported

Brecher et al65 Open-label extension 
phase of controlled 
and uncontrolled 
trial

178 80 wk > 475 mg Mean weight gain: 0.41 kg; no correlation between dose 
and weight gain reported

Brecher et al68 Retrospective 
analysis

352 52 wk < 200 mg
200–399 mg
400–599 mg
≥ 600mg

No clear dose relationship; mean/median weight gain, kg:
 < 200 mg: 1.54/0.95
 200–399 mg: 4.08/3.40
 400–599 mg: 1.89/2.00
 ≥ 600 mg: 3.57/3.34

Abbreviations: NR = not reported, RCT = randomized controlled trial.
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carried-forward method—showed a descriptive, but not 
statistically significant, pattern of weight gain in differ-
ent dose ranges at 52 weeks of treatment. Specifically, the 
< 200-mg group and the 400- to 599-mg group had a similar 
degree of mean and median weight gain (mean = 1.54 kg, 
median = 0.95 kg for the < 200-mg group; mean = 1.89 kg, 
median = 2.00 kg for the 400- to 599-mg group), while the 
200- to 399-mg and 400- to 599-mg groups had greater, but 
also very similar, weight gain (mean/median = 4.08 kg/3.40 
kg and 3.57 kg/3.34 kg, respectively).68 Patients with a lower 
BMI at baseline gained the most weight, and at endpoint, 
37% of patients had a > 7% change of weight.

Only 1 short-term study (n = 268) reported a significant 
difference in weight gain (16% vs. 25%) when using < 250 
mg/day or > 750 mg/day of quetiapine, respectively,67–69 
but a dose lower than 250 mg/day may be considered to 
be below the therapeutic range typically recommended for 
psychotic disorders.70

Ziprasidone
On the basis of the few articles published on the met-

abolic effects of ziprasidone, this SGA shows little or no 
effect on serum lipid levels and blood glucose.18,24 The rela-
tive risk for weight gain during treatment with ziprasidone  
is considered to be low compared to other SGAs.8,11,17,24  
According to Newcomer and Haupt,17 mean weight gain  
over a 1-year period is about 1 kg based on clinical trials 
data with multiple doses of ziprasidone.11,17 However, zi-
prasidone was also found to cause significant weight loss 
over 1 year in 1 study.1

There are only 3 studies reporting on whether weight or 
other observed metabolic changes are associated with the 
daily dose of ziprasidone (Table 5). None of these studies 
found evidence for such an association.1,71,72

Aripiprazole
Only a limited number of publications are available on 

the metabolic effects of aripiprazole, a recently introduced 
SGA. On the basis of these reports, aripiprazole showed 
limited or no effect on serum lipid levels and blood glucose 
regulation.18,24 Weight gain could be detected, although the 
relative risk of weight gain compared to the other SGAs is 
low, similar to that of ziprasidone.18,24 Mean weight gain over 

a 1-year period is about 1 kg when pooling data of clinical 
trials with multiple doses of aripiprazole.17

A short-term (4-week) double-blind, controlled (risperi-
done and placebo) study including 404 patients reports an 
incidence of clinically significant weight gain of 9% and 
13% at daily doses of 30 mg and 20 mg of aripipra zole, 
respectively.16,73 A retrospective analysis of 5 short-term, 
placebo-controlled clinical trials5 showed that weight 
changes associated with aripiprazole appear not to be dose 
dependent.11,16–19,24

Amisulpride
Amisulpride is an SGA that has been used widely in sev-

eral European countries since 1986. However, there are very 
few data available on its metabolic effects. Recent reviews 
concluded that amisulpride is associated with minimal 
weight change, ranging between 0.2 to 1.4 kg over varying 
treatment durations.19,74 There is only 1 study available ex-
amining dose dependency of weight gain during treatment 
with amisulpride, a retrospective analysis of 11 prospective 
randomized studies including 1392 patients with a daily 
dose range of amisulpride of 50 to 1200 mg.75 This analysis 
found no correlation between dose and the degree of weight 
gain (p = .7). Exclusion from the analysis of all patients who 
received less than 400 mg of amisulpride did not change the 
results to any substantial degree.16,74,75

Sertindole
Sertindole has recently been reintroduced in Europe. 

Studies have been focused mainly on investigating cardiac 
adverse effects, and there are fewer data in the literature on 
the metabolic effects of sertindole. Sertindole is generally 
considered to have moderate effect on weight gain (approx-
imately 2–4.5 kg), similar to that of risperidone.7,76 Based on 
the few published data available on the effect of sertindole 
on serum glucose or lipids, there seems to be a low risk 
for hyperglycemia, while there was no clinically significant  
effect found on lipid levels.7,25,26

Except for 4 studies providing descriptive information 
on weight gain by different doses, there is no systematic 
analysis published on possible dose-related metabolic ef-
fects of sertindole (Table 6).77–80 These 4 studies did not 
analyze whether weight gain was dose related.77–81

Table 5. Studies Investigating Whether Metabolic Effects of Ziprasidone Are Dose Related
Study Design Sample Size Duration Dosage Relevant Results
Keck et al72 Double-blind RCT 139 4 wk 40 mg

120 mg
Weight gain observed in 40 mg group only 

(median: 1 kg)
Daniel et al71 Double-blind RCT 210 (302 all) 6 wk 80 mg

160 mg
Median weight gain:
 80 mg: 1 kg
 160 mg: 0 kg (indistinguishable from placebo)

Arato et al1 Double-blind RCT 210 1 y 40 mg
80 mg
160 mg

Weight reduction was observed:
 40 mg: −2.7 kg
 80 mg: −3.2 kg
 160 mg: −2.9 kg

Abbreviation: RCT = randomized controlled trial.
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Table 6. Studies Investigating Whether Metabolic Effects of Sertindole Are Dose Related
Study Design Sample Size Duration Dosage Relevant Results
Zborowski et al79 RCT 461 8 wk 20 mg

24 mg
Weight gain:
 20 mg: +3.4 kg
 24 mg: +3.1 kg

Van Kammen et al78 RCT 205 40 d 8 mg, 12 mg, 10 mg, 20 mg No weight gain data by dose
Hale et al77 RCT 617 8 wk 8 mg, 16 mg, 20 mg, 24 mg Weight gain:

 8 mg: +1.3 kg
 16 mg: +1.8 kg
 20 mg: +1.3 kg
 24 mg: +1.9 kg

Zimbroff et al80 RCT 497 8 wk 12 mg, 20 mg, 24 mg Weight gain, all doses: +2.2 kg to +3.3 kg
Abbreviation: RCT = randomized controlled trial.

CONCLUSION

On the basis of the literature reviewed, it can be con-
cluded that the possible relationship between SGA-induced 
metabolic changes and dose is not adequately studied. There 
are only a limited number of studies investigating the topic 
specifically. Studies investigating the possible relationship 
between dose and metabolic effects of SGAs in large sam-
ples, taking into consideration possible confounding effects 
such as baseline BMI, previously or currently administered 
medications, and certain genetic factors (e.g., 5-HT2 recep-
tor polymorphism), are lacking.

The available data suggest that individual SGAs are dif-
ferent with regard to whether dose is associated with their 
metabolic effect, as well as to their potential to induce such 
metabolic effects.

Aripiprazole, amisulpride, quetiapine, sertindole, and zi-
prasidone seem to have no dose-related metabolic effects.

Results of the studies investigating whether clozapine- 
induced metabolic effects are related to daily dose are mixed, 
and the interpretation of the results is hampered by several 
methodological limitations of these studies, especially small 
sample sizes, uncontrolled design, and concomitant use of 
other psychoactive drugs. Because doses varied consider-
ably across studies, it is difficult to compare the results. For 
clozapine, however, there appears to be an association be-
tween weight gain and/or metabolic changes and its daily 
dose and/or plasma concentration. The evidence is stron-
ger for a correlation between certain metabolic changes and  
the serum clozapine concentration, which in turn is not re-
lated to the daily dose of clozapine. These metabolic changes 
dependent on serum clozapine concentration were con-
firmed in a recent study and were shown to be influenced 
by CYP1A2 polymorphisms.42

Olanzapine, an SGA similar to clozapine with regard 
to its chemical structure, also appears to have serum  
concentration–dependent metabolic effects. This associa-
tion is complicated by a metabolite (N-methyl-olanzapine) 
that may have a counteracting effect on metabolic changes. 
Again, as seen in the case of clozapine, daily dose of olanza-
pine appears not to be related to serum concentrations. The 
finding that metabolic complications may well be associated 

with clozapine and olanzapine plasma concentrations in a 
dose-response fashion provides further evidence for a causal 
contribution to metabolic disturbances of these agents.

Risperidone has the most controversial data. The re-
viewed literature shows that risperidone-induced weight 
gain could be dose related to some extent, although data 
are contradictory. Many of the studies reviewed have several 
methodological problems, such as relatively small sample 
size, uncontrolled design, retrospective chart reviews with 
incomplete reporting of data, and, most importantly, no 
study assessed serum concentrations of risperidone and its 
metabolites. Until data on a possible association between 
biologic risperidone availability in terms of serum con-
centration and metabolic outcomes are available, no firm 
conclusions can be drawn with regard to possible dose- 
related metabolic complications. It must be noted, however, 
that within the therapeutic dose range, the expected weight 
gain is moderate, and a possible dose dependency varies 
within a relatively narrow range.

A possible underlying pharmacologic mechanism for 
the observed serum plasma concentration/dose-dependent 
metabolic effect of these drugs (clozapine and olanzapine) 
may be situated in the fact that these SGAs have strong af-
finity for the H1-histamine, muscarinic, and α-adrenergic 
receptors. This property is strongly suggested to be in con-
nection with their metabolic effects, and also with their 
sedative effects. It is plausible that with elevating plasma 
concentration, the saturation of these receptors increases, 
resulting in increasing metabolic effects on one hand, and 
decreasing caloric expenditure due to their sedating effects 
on the other.82,83

The assumptions of this review have to be judged in light 
of some limitations. First, we did not use meta-analytic 
techniques; this is a descriptive literature review. Second, 
we did not assess the original (unpublished) clinical trial 
data, but our review relied on published data available from 
PubMed and through a hand search based on the references 
of identified, related articles.

In conclusion, limited data are available on a possible 
dose-response relationship between SGAs and meta bolic 
complications. Preliminary evidence suggests a dose- 
response relationship between clozapine and olanzapine 
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serum concentrations and metabolic outcomes, but not 
between administered daily dose and metabolic outcomes. 
Data are controversial with regard to risperidone, and no 
study has as yet assessed risperidone serum concentrations 
in association with metabolic outcomes. For the other SGAs, 
there was little evidence to suggest a dose-response relation-
ship, although no assessment of serum concentrations was 
conducted in these agents either.

Drug names: aripiprazole (Abilify), clozapine (FazaClo, Clozaril, and 
others), olanzapine (Zyprexa), quetiapine (Seroquel), risperidone  
(Risperdal and others), ziprasidone (Geodon).
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