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been reported,1–3 although overlap also exists.4,5 However,
it is unclear whether patients with bipolar disorder experi-
ence a similar degree of sensitivity and tolerability to
antipsychotics as those with schizophrenia or whether pa-
tients with bipolar disorder experience differences in sen-
sitivity and tolerability to antipsychotics when they are in
a depressed versus a manic state.

In an era of increasingly frequent use of atypical anti-
psychotics6–9 and continuous use of typical antipsychotics
in bipolar disorder,10,11 the importance of studying the dif-
ference in the sensitivity and tolerability to these agents
between patients with schizophrenia and those with bi-
polar disorder cannot be ignored. Given the lack of head-
to-head comparison studies between bipolar disorder
and schizophrenia, this review utilized existing placebo-
controlled studies of haloperidol and newer atypical anti-
psychotics in the acute treatment of schizophrenia, mania,
and bipolar depression to compare (1) risks for discon-
tinuation due to adverse events and somnolence between
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Objective: This study compared the sensitivity
and tolerability of antipsychotics in patients with
bipolar disorder or schizophrenia.

Data Sources: English-language literature
from January 1966 to December 2006 cited in
MEDLINE was searched for the terms antipsy-
chotics, typical antipsychotics, atypical antipsy-
chotic, generic and brand names of antipsycho-
tics, safety, tolerability, discontinuation due
to adverse events, somnolence, and bipolar ma-
nia, bipolar depression, bipolar disorder, manic-
depressive illness, or schizophrenia, randomized,
double blind, and controlled clinical trial.

Study Selection: Randomized, double-blind,
placebo-controlled, monotherapy studies of anti-
psychotics in both bipolar disorder and schizo-
phrenia were prioritized.

Data Extraction: Absolute risk increase (ARI)
or reduction (ARR) and the numbers needed to
treat to harm (NNTH) or benefit (NNTB) for the
discontinuation due to adverse events and somno-
lence relative to placebo were estimated.

Data Synthesis: Ten acute trials in mania,
3 in bipolar depression, and 8 in schizophrenia
were identified, along with 2 maintenance studies
in bipolar disorder and 2 in schizophrenia. In
schizophrenia, ziprasidone caused significantly
more discontinuations due to adverse events than
placebo, with an NNTH of 19, while aripiprazole
caused significantly fewer discontinuations due
to adverse events than placebo, with an NNTB
of 12. In mania, there was no statistically signifi-
cant difference in discontinuation due to adverse
events between antipsychotics and placebo. How-
ever, in bipolar depression, both quetiapine and
olanzapine caused more discontinuations due to
adverse events than placebo, with NNTHs of 7
and 24, respectively. All atypical antipsychotics
caused a significantly greater incidence of som-
nolence than placebo in mania and depression,
with NNTHs from 5 to 8 for mania and 2 to 6
for depression. In schizophrenia, only olanzapine,
ziprasidone, and aripiprazole (NNTHs from 5 to
14) caused a significantly higher incidence of
somnolence. There was no significant difference
between schizophrenia and mania in the discon-
tinuation due to adverse events or somnolence of
all studied antipsychotics. However, there was a
significantly higher incidence of discontinuation

D

due to adverse events and somnolence caused
by quetiapine in bipolar depression than that in
schizophrenia or mania.

Conclusion: Patients with bipolar disorder
appear more sensitive to antipsychotics, and de-
pressed patients are less tolerant to somnolence
than those with either mania or schizophrenia.
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ifferences in the phenomenology and neurobiol-
ogy of schizophrenia and bipolar disorder have
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antipsychotics and their respective placebo in 3 psychiatric
conditions and (2) the differences in the risk for the discon-
tinuation due to adverse events or somnolence of each in-
dividual antipsychotic among the 3 conditions.

METHOD

English-language literature published and cited in
MEDLINE from January 1966 to December 2006 was
searched for the terms antipsychotics, typical antipsy-
chotics, atypical antipsychotic, fluphenazine, haloperidol,
perphenazine, pimozide, thiothixene, trifluoperazine, loxa-
pine, molindone, chlorpromazine, mesoridazine, thiorid-
azine, fluspirilene, penfluridol, pipothiazine, flupenthixol,
clozapine, olanzapine, risperidone, quetiapine, ziprasi-
done, aripiprazole, safety, tolerability, discontinuation due
to adverse events, somnolence, and bipolar mania, bipolar
depression, bipolar disorder, manic-depressive illness,
or schizophrenia, randomized, double-blind, and con-
trolled clinical trial. Randomized, double-blind, placebo-
controlled, monotherapy studies of antipsychotics in both
bipolar disorder and schizophrenia were prioritized.

After reviewing all relevant articles from the
MEDLINE search, we found that there was no unified ap-
proach to reporting side effects in bipolar disorder or
schizophrenia studies. Most side effects were reported
only for some antipsychotics or in some studies but not in
others. However, the incidences of discontinuation due to
adverse events and somnolence were reported in the ma-
jority of studies. In addition, somnolence was the main
reason for the discontinuation due to adverse events in
bipolar depression.12–14 Therefore, comparing discontinu-
ation due to adverse events and somnolence in schizophre-
nia, mania, and bipolar depression could shed light on the
differential sensitivity and tolerability of various patient
populations to antipsychotics. Because there was no sepa-
rate reporting of somnolence from sedation in the majority
of these studies, in this review, somnolence refers to som-
nolence and sedation.

In the studies of schizophrenia, multiple fixed doses
were used. Some of these dosages, such as aripiprazole
2 mg/day, olanzapine 2.5 mg/day, risperidone 2 mg/day,
quetiapine 75 mg/day, or ziprasidone 10 mg/day, were
low. On the other hand, most studies in bipolar disorder
were flexible dosed and the mean doses were targeted
to the maximal doses recommended for schizophrenia. To
make the comparison as close as possible, the doses of
antipsychotics in a schizophrenia study that were most
closely matched to the mean doses of a corresponding
mania study were chosen as follows: aripiprazole 30
mg/day, haloperidol 10–12 mg/day, olanzapine 11.6–16.3
mg/day, quetiapine 600 mg/day, risperidone 6 mg/day, and
ziprasidone 120–160 mg/day. For the bipolar depression
studies involving quetiapine, 600 mg/day was used to
match the mania studies involving quetiapine.

The absolute risk reduction (ARR) or increase (ARI)
and the numbers needed to treat to harm (NNTH) or bene-
fit (NNTB) were used for measuring the difference in
occurrence of the discontinuation due to adverse events
or somnolence between antipsychotics and placebo. The
ARR or ARI equals placebo event rate minus antipsy-
chotic event rate, and the NNTH or NNTB equals 1/ARI
or ARR and the reciprocal of ARI or ARR. These mea-
sures are believed to provide more clinically relevant in-
formation than relative risk reduction or odds ratios15 and
have been advocated to be used for systematic reviews.16,17

Another advantage of using NNTH or NNTB is that clini-
cians can easily tell how many patients need to be treated
to have 1 patient for an event, benefit or harm, according
to the outcome of a treatment relative to a control.16–18 In
this review, the assumption was that an antipsychotic
would cause a greater occurrence of discontinuation due
to adverse events or somnolence than would placebo.
Therefore, a negative value, presented with an NNTH and
an ARI, was indicative of a higher risk for discontinuation
due to adverse events or somnolence with an antipsychotic
than with placebo. On the other hand, a positive value,
presented with an NNTB and an ARR, was indicative of a
lower risk for discontinuation due to adverse events or
somnolence with an antipsychotic than with placebo.

For antipsychotics with more than 1 clinical trial of a
similar study design, the values of the outcome measures
were recalculated based on a pooled sample. Significance
tests between antipsychotics and placebo were set at
α = .05 and presented with confidence intervals (95%
CI = mean ± 1.96 standard error). The rationale for the
use of CI, instead of p value, is that the CI not only can
provide a more quantifiable comparison, but it can also
help to interpret the result, especially when there is no sta-
tistical significance.19,20 For antipsychotic-placebo com-
parison, a statistical significance was claimed when a CI
did not include 0. For comparisons between schizophrenia
and mania or depression, a statistical significance was
claimed when there was no overlap between the CIs.
Such conservative interpretation might miss statistical
significance,21–23 but the NNTH or NNTB and the degree
of the CI overlaps can help clinicians determine the degree
of clinical significance. Forest plots were created with risk
differences between treatment and placebo (95% CI =
mean ± 1.96 standard error). For the maintenance studies,
the results were integrated into the discussion without fur-
ther analysis.

RESULTS

Ten randomized, double-blind, placebo-controlled,
monotherapy trials in acute mania,24–33 3 in bipolar depres-
sion,12–14 and 8 in schizophrenia34–41 were identified (Table
1), with an additional 2 maintenance studies in bipolar dis-
order42,43 and 2 in schizophrenia.44,45
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Discontinuation Due to Adverse Events in
Schizophrenia, Mania, and Bipolar Depression

Schizophrenia. There were no significant differences
between haloperidol, olanzapine, quetiapine, or risperi-
done and their respective placebo in the discontinuation
due to adverse events (Table 1, Figure 1). However, there
was a higher risk with ziprasidone compared with pla-
cebo, with an ARI of 5.3% (95% CI = –10.1 to –1.6) and
an NNTH of 19 (95% CI = –63 to –10). The causes of
discontinuation due to adverse events were rash (N = 3),
allergic reaction (N = 1), dizziness (N = 1), insomnia
(N = 1), hallucination (N = 1), and extrapyramidal side
effect and sedation (N = 1). On the contrary, there was a
lower risk with aripiprazole than with placebo, with an
ARR of 8.5% (95% CI = 2.2 to 14.8) and an NNTB of 12
(95% CI = 7 to 46).

Mania. Similarly, all newer atypical antipsychotics
and haloperidol appeared to be well tolerated in mania.
There was no significant difference in the discontinu-
ations due to adverse events between atypical antipsy-
chotics or haloperidol and their respective placebo in any
of the studies in mania (Table 1, Figure 1).

Bipolar depression. Of the only 2 atypical antipsy-
chotics investigated in acute bipolar depression,12–14 there
was a higher risk for discontinuation due to adverse
events with olanzapine or quetiapine than with placebo
(Table 1, Figure 1). The mean ARI and NNTH values
were 4.2% (95% CI = –7.8 to –0.5) and 24 (95%
CI = –213 to –13) for olanzapine and 13.9% (95%
CI = –18.7 to –9.1) and 7 (95% CI = –11 to –5) for quetia-
pine, respectively. The most frequent cause for the dis-
continuation of olanzapine due to adverse events was
somnolence.12 The most common causes for the discon-
tinuation of quetiapine due to adverse events were somno-
lence (8.3%), dizziness (2.3%), fatigue (1.1%), and dry
mouth (0.9%).13,14

Comparison of individual antipsychotics in 3 condi-
tions. Of all studied antipsychotics, there was no signifi-
cant difference in the discontinuation of each individual
antipsychotic due to adverse events between schizophre-
nia and mania because the CIs overlapped (Table 1, Fig-
ure 1). However, the CI of quetiapine in depression did
not overlap with that of mania or schizophrenia. For olan-
zapine, the CI of depression overlapped with that of ma-
nia or schizophrenia to some extent (Table 1, Figure 1),
but it is of clinical importance that olanzapine will cer-
tainly increase risk for discontinuation due to adverse
events (mean NNHT = 24) in depression but not in mania
or schizophrenia.

Reported Somnolence in Schizophrenia,
Mania, and Bipolar Depression

Schizophrenia. There was no significant difference
between haloperidol, quetiapine, or risperidone and their
respective placebo in the risks for somnolence. However,Ta
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there was a higher risk with aripiprazole, ziprasidone,
and olanzapine than with placebo (Table 1, Figure 2).
The mean ARI value was 7.2% (95% CI = –13.2 to –1.2)
for aripiprazole, 9.5% (95% CI = –16.6 to –2.4) for
ziprasidone, and 18.4% (95% CI = –30.3 to –6.5) for
olanzapine. Conversely, the mean NNTH value was 14
(95% CI = –85 to –8) for aripiprazole, 11 (95% CI = –42
to –6) for ziprasidone, and 5 (95% CI = –15 to –3) for
olanzapine.

Mania. There was also no significant difference
between haloperidol and placebo in the risk for somno-
lence. However, there was a higher risk with risperidone,
aripiprazole, quetiapine, ziprasidone, or olanzapine than
placebo (Table 1, Figure 2). The mean ARI value was
11.9% (95% CI = –16.6 to –7.1) for risperidone, 12.1%
(95% CI = –18.0 to –6.2) for aripiprazole, 12.2% (95%
CI = –17.9 to –6.5) for quetiapine, 20.2% (95% CI =
–27.5 to –12.9) for ziprasidone, and 22% (95% CI =
–32.2 to –11.8) for olanzapine. The mean NNTH value
was 8 for risperidone (95% CI = –14 to –6), aripiprazole
(95% CI = –16 to –6), and quetiapine (95% CI = –15 to
–6) and 5 for ziprasidone (95% CI = –8 to –4) and olan-
zapine (95% CI = –8 to –3).

Bipolar depression. Both olanzapine and quetiapine
had higher risks for somnolence than their respective
placebo. The mean ARI value was 15.6% (95% CI =
–21.3 to –10) for olanzapine and 43.6% (95% CI = –49.8
to –36.9) for quetiapine. The NNTH was 6 (95% CI =
–10 to –5) for olanzapine and 2 (95% CI = –3 to –2) for
quetiapine.

Comparison of individual antipsychotics in 3 condi-
tions. Similar to discontinuation due to adverse events, of
all studied antipsychotics, there was no statistically sig-
nificant difference in risk for somnolence with each indi-
vidual antipsychotic between schizophrenia and mania
because the CIs overlapped (Table 1, Figure 2). However,
the degree of the overlaps varied, from the largest CI
overlap with olanzapine to the smallest with risperidone.
In spite of these overlaps, the differences are still clini-
cally relevant in most cases. Risperidone or quetiapine
will certainly increase the risk for somnolence in mania,
but it is unlikely to increase in schizophrenia, with a mean
NNTH of 8 (95% CI = –14 to –6) versus 49 (95% CI = 27
to –13) for risperidone and 8 (95% CI = –15 to –6) versus
51 (95% CI = 11 to –8) for quetiapine. For aripiprazole
and ziprasidone, both will certainly increase the risk for
somnolence in mania and in schizophrenia, but a much
higher risk exists in mania, with an NNTH of 8 versus 14
for aripiprazole and 5 versus 11 for ziprasidone.

The CI of quetiapine in depression did not overlap with
those in mania or schizophrenia. On the contrary, the CI
of olanzapine in depression overlapped with those in ma-
nia and schizophrenia to a large extent (Table 1, Figure 2).

DISCUSSION

This review represents the first comparison of dis-
continuation due to adverse events and somnolence with
antipsychotics in the treatment of bipolar disorder and
schizophrenia. Overall, haloperidol and newer atypical

Figure 1. A Forest Plot of Risk Differences in the
Discontinuation Due to Adverse Events Between
Treatment and Placebo in Schizophrenia, Mania,
and Bipolar Depression
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Figure 2. A Forest Plot of Risk Differences in the
Reported Somnolence Between Treatment and Placebo
in Schizophrenia, Mania, and Bipolar Depression
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antipsychotics are as well tolerated as placebo in the acute
treatment of mania or schizophrenia as reflected by a lack
of significant difference between antipsychotics (except
for ziprasidone in schizophrenia) and placebo in the rate
of discontinuation due to adverse events. However, olan-
zapine and quetiapine were not as well tolerated as pla-
cebo in bipolar depression as indicated by significantly
higher risks for discontinuation due to adverse events
with these 2 agents than with placebo.12–14 The signifi-
cantly higher risk for discontinuation due to adverse
events with quetiapine in depression than in mania or
schizophrenia suggests that patients with bipolar depres-
sion may have a lower tolerability to antipsychotics.

A lower tolerability to antipsychotics in patients with
bipolar disorder than in those with schizophrenia was
also suggested by maintenance studies,42–45 in which olan-
zapine caused significantly higher incidences of discon-
tinuation due to adverse events than did placebo in bipolar
disorder (7.6% vs. 0%, p < .001)42 but showed the oppo-
site in schizophrenia (0.9% vs. 11.8%, p < .001).44 Simi-
larly, aripiprazole caused discontinuation (361 out of 567
patients, with 22% of those discontinued due to adverse
events) during open-label treatment in bipolar disorder43

but not in schizophrenia.45

The reason for the different tolerabilities is unclear.
Some may argue that the insignificance of discontinuation
due to adverse events between antipsychotics and placebo
in schizophrenia or mania were simply an artifact of a
well-controlled inpatient environment. This argument is
not supported, at least, by the quetiapine mania study,28 in
which patients could only stay in the hospital 1 week dur-
ing a 12-week study period. Others may suggest that the
increased risk for discontinuation due to adverse events in
bipolar depression was simply due to a longer duration of
trials compared to that found in mania studies: 8 weeks
versus 3 to 4 weeks. This assumption is also not supported
by the 12-week quetiapine mania study.

Like the atypicals, haloperidol was well tolerated,
although higher rates of extrapyramidal side effects
were consistently reported in the haloperidol-treated
patients compared with placebo-treated or atypical
antipsychotic–treated patients.34,36–40,46–52 However, the re-
sults of discontinuations of atypical agents versus halo-
peridol due to adverse events (especially extrapyramidal
side effects) from the head-to-head comparison studies
in mania47,48 or schizophrenia49–53 were inconsistent. Some
showed that haloperidol had similar rates of discontin-
uation due to adverse events as the atypicals,47,49,50 but
others showed that haloperidol had significantly higher
rates of discontinuation due to adverse events than the
atypicals.48,51–53

In addition to the lower tolerability, patients with bi-
polar disorder, especially in depression, are more sensi-
tive to most antipsychotics than are those with schizo-
phrenia. This observation is strongly supported by the

quetiapine studies,13,14,28,36 in which the ARI for somno-
lence was significantly higher in depression than in mania
or schizophrenia and the ARI for somnolence in mania
was significantly higher than in schizophrenia (Table 1,
Figure 2). Other evidence, such as the finding of only 3
agents associated with a significantly higher risk than
placebo for somnolence in schizophrenia compared to 5
agents in mania, is also suggestive of a higher sensitivity
to side effects in bipolar disorder than in schizophrenia. In
addition, with the exception of olanzapine, a higher risk
for somnolence was consistently found in mania than in
schizophrenia.

It must also be noted that individual antipsychotics
have different liabilities for causing somnolence. Halo-
peridol was not shown to have an increased risk for som-
nolence compared with placebo in either mania or schizo-
phrenia. On the other hand, olanzapine was associated
with a significantly increased risk for somnolence over
placebo across studies of schizophrenia, mania, and bi-
polar depression. However, the remaining agents demon-
strated different risks for somnolence based upon the
primary psychiatric diagnosis. This is illustrated most
convincingly in the quetiapine studies, which showed the
rates of somnolence with quetiapine to be lowest in
schizophrenia, higher in mania, and highest in depression.

These short-term data should be interpreted with cau-
tion and cannot necessarily be extrapolated to long-term
use. For instance, somnolence was a major cause of dis-
continuation due to adverse events in the olanzapine de-
pression study,12 but it was not a factor for discontinuation
due to adverse events in the maintenance study.42 On the
other hand, olanzapine-related weight gain was not the
primary reason for discontinuation due to adverse events
in the acute studies, but it became a main factor for dis-
continuation due to adverse events during the mainte-
nance treatment of bipolar depression42 as well as schizo-
phrenia.53 These short-term findings may help clinicians
to select an appropriate antipsychotic early in treatment,
and they indicate that using lower initial doses of antipsy-
chotics than the ones employed in trials of schizophrenia
may be useful to improve initial tolerability in bipolar
mania and, more importantly, bipolar depression.

Limitations
This review is limited by the computer search param-

eters, which included only English-language publications
and primarily focused on randomized, placebo-controlled
trials and used only discontinuation due to adverse events
and somnolence for comparison. Although placebo was
used as a direct comparator to each antipsychotic among
the different psychiatric conditions, it could still be con-
founded by the original study designs, including the in-
clusion and exclusion criteria (inpatient vs. outpatient);
sample sizes; study durations; medication dosages; or
concomitant use of other psychotropic agents.
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CONCLUSIONS

Patients with bipolar disorder, regardless of whether in
a manic or depressed phase, are more sensitive to antipsy-
chotics when compared to patients with schizophrenia, al-
though patients with acute mania appear to be more toler-
ant to side effects than those with depression. For patients
with bipolar depression, a lower initial antipsychotic dose
may reduce discontinuations related to adverse events.

Drug names: aripiprazole (Abilify), chlorpromazine (Thorazine,
Sonazine, and others), clozapine (FazaClo, Clozaril, and others),
haloperidol (Haldol and others), molindone (Moban), olanzapine
(Zyprexa), pimozide (Orap), quetiapine (Seroquel), risperidone
(Risperdal), thiothixene (Navane and others), trifluoperazine
(Stelazine and others), ziprasidone (Geodon).
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