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Objective: Conventional antipsychotics have
been linked to an increased risk of femur fracture.
Despite a lower propensity of atypical agents to
cause gait and movement disorders, a correlation
between these medications and the risk of femur
fracture remains to be established. The aim of this
study was to estimate the effect of atypical and
conventional antipsychotics on the risk of hospi-
talization for femur fracture.

Method: We conducted a case-control study
on nursing home residents in 6 U.S. states by
using the Systematic Assessment of Geriatric
drug use via Epidemiology (SAGE) database,
which includes data from the Minimum Data Set
linked to Medicare inpatient claims. Cases were
residents hospitalized for femur fracture between
July 1, 1998, and December 31, 1999. For each
case, we identified up to 5 controls residing in
the same facility during the same period of time.
The sample consisted of 1787 cases and 5606
controls.

Results: After control for potential confound-
ers, the risk of hospitalization for femur fracture
was increased for users of atypical (OR = 1.37,
95% confidence interval [CI] = 1.11 to 1.69)
and conventional antipsychotics (OR = 1.35,
95% CI = 1.06 to 1.71) relative to nonusers.
With respect to individual agents, an excess risk
was estimated for risperidone (OR = 1.42, 95%
CI = 1.12 to 1.80), olanzapine (OR = 1.34, 95%
CI = 0.87 to 2.07), and haloperidol (OR = 1.53,
95% CI = 1.18 to 2.26). No other antipsychotic
could be analyzed individually.

Conclusion: Conventional and atypical
antipsychotics appear to increase the risk of
hospitalization for femur fracture in a population
of institutionalized elderly patients. These medi-
cations should be used with caution, especially
among patients with a high risk of falls.

(J Clin Psychiatry 2007;68:929–934)

ntipsychotic drugs, similar to benzodiazepines1

and antidepressants,2 have been linked to an in-A
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creased risk of femur fracture.3 In 1987, Ray et al.3 docu-
mented that among Medicaid enrollees, conventional
antipsychotics were associated with a 2-fold increased
risk of femur fracture and that this was dose dependent.
Two additional studies aimed at elucidating the role of
benzodiazepines and antidepressants on the risk of femur
fracture reported that patients also taking antipsychotics
were, respectively, 1.6 and 2.8 times more likely to expe-
rience a femur fracture than nonusers.2,4 No information
was given on the specific class of antipsychotics by either
study.

Conventional antipsychotics can elicit extrapyramidal
symptoms (EPS), including parkinsonism with akinesia,
rigidity, and unsteady gait. Thus, these medications are
thought to be indirectly linked to femur fractures via an
increased risk of falling.5 Atypical antipsychotics, namely
clozapine, risperidone, olanzapine, quetiapine, and more
recently ziprasidone and aripiprazole, confer a lower risk
of all EPS compared with conventional agents.6 Due to
this superior EPS profile, these newer agents are more
widely used outside of their approved indications.7 How-
ever, some recently published data have suggested that
atypical antipsychotics are not associated with a lower
risk of falls compared with conventional agents.8
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To date, no large study has examined the association
between the use of atypical antipsychotics and the risk
of femur fracture. We therefore conducted a case-control
study to estimate the effect of atypical and conventional
antipsychotics on the risk of hospitalization for femur
fracture among nursing home residents in 6 U.S. states.

METHOD

Data Source
We used the Systematic Assessment of Geriatric

drug use via Epidemiology (SAGE) database, which
contains data from the Minimum Data Set (MDS).9,10

The MDS is a standardized, clinically based instrument
that collects information on each resident’s demographic,
functional, medical, psychological, and cognitive status.
The Centers for Medicare and Medicaid Services (for-
merly the Health Care Financing Administration) require
that each Medicare/Medicaid certified nursing home con-
duct an MDS assessment of all residents upon admission
and quarterly thereafter, as well as with any significant
change in the resident’s status. Since June 22, 1998, the
Centers for Medicare and Medicaid Services maintains a
centralized repository of all MDS data (version 2.0), and
this is used for administrative and research purposes.

Study Population
Data collected in the nursing homes of 6 states, includ-

ing Ohio, Maine, Illinois, Mississippi, South Dakota, and
New York, were used in the current study. Eligible candi-
dates for this study were residents who were at least 65
years of age. Bedridden residents and those with paraple-
gia, quadriplegia, or cancer were excluded.

Case Selection
The SAGE database links MDS data to the Medicare

inpatient claim files (part A), which contain information
on residents’ health service use. The Medicare inpatient
claim data provide the admission diagnosis and up to 10
discharge diagnoses for any hospitalizations, recorded by
using the International Classification of Diseases, Ninth
Revision (ICD-9), codes.11 We identified cases by inpa-
tient hospitalizations in which the primary discharge
diagnosis was femur fracture (ICD-9 codes: 820 through
821). We used the first hospitalization for femur fracture
to define case status among persons with multiple hospi-
talizations. We identified 2938 cases, occurring between
July 1, 1998, and December 31, 1999. We finally selected
as eligible cases only those residents with an MDS assess-
ment conducted within 120 days prior to hospitalization
(N = 2579).

Control Selection
It has been documented that individual as well as facil-

ity characteristics may affect the probability of being hos-

pitalized from a nursing home.12 Therefore, controls were
selected from a population of hospitalized residents to
provide an appropriate comparison group.13 We identified
potential controls by inpatient hospitalizations in which
the primary diagnosis at discharge was for either septice-
mia (ICD-9 codes: 038–038.9) or gastrointestinal bleed-
ing (ICD-9 codes: 578–578.9) or myocardial infarction
(ICD 9 codes: 410–410.9). We identified 8456 potential
controls. Also, to minimize facility potential confounding
effect, we matched cases and controls within facility.
Every case could be matched to a maximum of 5 controls
residing within the same facility during the same period
randomly selected. We excluded cases for whom we could
not identify at least 1 eligible control. The final matched
sample consisted of 1787 cases and 5606 controls.

Antipsychotic Exposure
Nursing home staff recorded the drug name, dose, fre-

quency, route of administration, whether the order was
scheduled (standing order) or pro re nata (PRN), and the
National Drug Code for up to 18 medications taken by the
resident in the 7 days before the assessment.

We identified, for any study participant, the most
proximal assessment reporting drug information before
the hospitalization and defined it as the index assessment.
We defined as exposed those residents for whom any
antipsychotic use was reported at the index assessment.
Among exposed residents, we distinguished users of ris-
peridone; users of olanzapine; users of other atypical anti-
psychotics, including clozapine and quetiapine; users of
conventional agents, including chlorpromazine, chlorpro-
thixene, fluphenazine, haloperidol, loxapine, mesorida-
zine, molindone, perphenazine, promazine, thioridazine,
thiothixene, and trifluoperazine; and users of more than
1 antipsychotic agent. These medications were the only
antipsychotic agents available during the period of data
acquisition. Exposed residents were also classified as
standing order or PRN users, on the basis of whether they
were receiving antipsychotics on a scheduled order or as
needed. We defined as unexposed those residents for
whom no antipsychotic use was reported at the index
assessment.

Potential Confounders
Residents’ sociodemographic characteristics, includ-

ing age, gender, and race/ethnicity, along with body
mass index, indicators of functional and cognitive status,
comorbid conditions, and concurrent drug use were
considered as variables potentially confounding the rela-
tionship under study. To evaluate functional status, we
used the Activities of Daily Living scale,14 a 7-item,
5-level score based on the resident’s performance in 7
areas: dressing, eating, toileting, bathing, locomotion,
transferring, and incontinence. These items are included
in the MDS. We classified the degree of dependence as
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normal/mild (Activities of Daily Living scale score 0–1),
moderate (Activities of Daily Living scale score 2–3), or
severe (Activities of Daily Living scale score 4–5). The
Cognitive Performance Scale (CPS)15 was used to mea-
sure cognitive status. The CPS is a validated scale embed-
ded in the MDS that ranges from 0 (intact cognition) to 6
(severe dementia) and has a good correlation with the
Mini-Mental State Exam.16 The CPS includes the follow-
ing MDS items: short-term memory, cognitive skills for
daily decision making, ability to be understood by others,
self-performance in eating, and comatose status. We cate-
gorized cognitive impairment as follows: minimal (CPS
score 0–1), moderate (CPS score 2–3) and severe impair-
ment (CPS score 4–6).

Information provided by the MDS active clinical di-
agnosis section was used to assess residents’ comorbid
conditions. The validity and accuracy of such diagnoses
in the SAGE database have been previously shown.10

Comorbid conditions that were considered as potential
confounders were diabetes, cerebrovascular disease, cata-
ract, glaucoma, anemia, bladder incontinence, osteopo-
rosis, dementia, depression, other psychiatric conditions
(schizophrenia and bipolar disorder), Parkinson’s disease,
behavioral symptoms (wandering, verbally or physically
abusive behavior, and socially inappropriate behavior),
seizures, and a history of falls in the prior 6 months.
We also evaluated concomitant medications, focusing
on those that may modulate the risk of femur fracture.
These medications included cardiovascular drugs (di-
uretics, β-blockers, α-blockers, centrally acting antihy-
pertensive drugs), anticonvulsants, benzodiazepines, anti-
depressants, and antihistamines.

Analytic Plan
Sociodemographic, functional, cognitive, and clinical

characteristics as well as concomitant drug use of cases
and controls were compared. We used conditional logistic
regression models to quantify the effect of antipsychotic
use on the likelihood of hospitalization for femur fracture,
simultaneously controlling for all potential confounders.
In a first model, exposure status was categorized as fol-
lows: standing order atypical use, PRN atypical use,
standing order conventional use, PRN conventional use,
and use of more than 1 antipsychotic, with no antipsy-
chotic use as the reference category. A second model
was fitted to analyze the effect of individual agents
using the following exposure categorization: standing or-
der risperidone use, PRN risperidone use, standing order
olanzapine use, PRN olanzapine use, standing order other
atypical use, PRN other atypical use, standing order halo-
peridol use, PRN haloperidol use, standing order other
conventional use, PRN other conventional use, and use of
more than 1 antipsychotic, with no use as the reference
category. All potential confounders were included in the
models as categorical variables except age and body mass

index, which were analyzed as continuous variables. The
use of many covariates in the logistic regression models
was done in accordance to recommended analytic stan-
dards.17 We derived crude and adjusted odds ratios (ORs)
along with 95% confidence intervals (CIs) from these
models. We interpreted the odds ratios as estimates of the
relative risk. Statistical analysis was performed using
SAS statistical software, version 8 (SAS Institute Inc.,
Cary, N.C.).

RESULTS

Cases and controls did not differ substantially with re-
spect to age, gender, race/ethnicity, and body mass index
(Table 1). Cases were less likely than residents in the con-
trol group to present with a severe functional impairment
(29.6% vs. 38.8%). There was no main difference with re-
spect to cognitive impairment between cases and controls.
Comorbidities were equally distributed in the 2 groups
except for a higher prevalence of osteoporosis (15.4% vs.

Table 1. Principal Sociodemographic, Functional,
and Clinical Characteristics of the Study Population
(reported as percentages where not otherwise specified)

Cases Controls
Characteristic (N = 1787) (N = 5606)

Age, mean, y 84.7 83.0
Gender, female 79.2 74.8
Race/ethnicity

White, not of Hispanic origin 92.6 90.1
Black, not of Hispanic origin 7.0 9.2
Other 0.4 0.7

Body mass index, mean, kg/m2 22.6 23.8
Functional impairment (ADL score)

None/mild (0–1) 16.1 14.3
Moderate (2–3) 54.3 46.9
Severe (4–5) 29.6 38.8

Cognitive deficit (CPS score)
Mild (0–1) 27.5 28.6
Moderate (2–3) 40.3 42.7
Severe (4–6) 32.2 28.7

Diabetes 21.2 30.9
Cerebrovascular disease 18.9 24.8
Cataract 13.0 13.4
Glaucoma 8.3 7.7
Anemia 20.4 24.9
Bladder incontinence 45.7 48.6
Osteoporosis 15.4 11.2
Dementiaa 49.7 43.3
Depression 34.0 31.5
Other psychiatric conditionsb 15.6 14.6
Parkinson’s disease 7.8 6.7
Behavioral symptomsc 21.0 16.2
Seizures 5.7 6.1
History of falls 35.2 24.9
aIncluding Alzheimer’s disease, vascular dementia, and other

dementia.
bIncluding bipolar disorder and schizophrenia.
cIncluding wandering, verbally or physically abusive behavior,

and socially inappropriate behavior.
Abbreviations: ADL = Activities of Daily Living scale,

CPS = Cognitive Performance Scale.
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11.2%) and a lower prevalence of cerebrovascular disease
(18.9% vs. 24.8%) and diabetes (21.2% vs. 30.9%)
among cases compared with controls. Relative to con-
trols, cases were more likely to be diagnosed with demen-
tia (49.7% vs. 43.3%) or depression (34.0% vs. 31.5%)
and to show behavioral symptoms (21.0% vs. 16.2%).
Also more cases than controls had a history of falls in the
prior 6 months (35.2% vs. 24.9%).

Table 2 illustrates the use of concomitant medications.
Cases were less likely to use cardiovascular drugs than
controls (48.8% vs. 53.7%). Finally, cases were more
likely to use antidepressants (37.1% vs. 31.3%) and ben-
zodiazepines (17.1% vs. 14.0%) relative to controls,
whereas the use of other psychotropic medications, in-
cluding anticonvulsants and antihistamines, was equally
distributed among the 2 groups. There was a difference in
the overall prevalence of antipsychotic use (21.8% among
cases and 16.8% among controls). Relative to controls,
cases were more likely to be prescribed both atypical
(11.6% vs. 8.4%) and conventional antipsychotics (9.2%
vs. 7.6%).

Drug regimens among antipsychotic users are shown
in Table 3. Among atypical antipsychotics, risperidone
was the most commonly prescribed agent accounting for
over 60% of prescriptions followed by olanzapine. Halo-
peridol was the most commonly used agent among con-
ventional antipsychotics (nearly 50% of prescriptions),
followed by thioridazine.

After control for potential confounders, the risk of
hospitalization for femur fracture was increased for users
of atypical (OR = 1.37, 95% CI = 1.11 to 1.69) and
conventional antipsychotics (OR = 1.35, 95% CI = 1.06
to 1.71) relative to nonusers (Table 4). With respect to
individual agents, an excess risk was estimated for ris-
peridone (OR = 1.42, 95% CI = 1.12 to 1.80), olanzapine
(OR = 1.34, 95% CI = 0.87 to 2.07), and haloperidol
(OR = 1.53, 95% CI = 1.18 to 2.26). Due to the low
prevalence of use, no other antipsychotic, including clo-
zapine, quetiapine, and conventionals other than haloperi-
dol, could be analyzed individually.

Data for PRN users are not reported due to the low
prevalence of PRN use (less than 1% of atypical prescrip-
tions and less than 8% of conventional prescriptions).

DISCUSSION

The findings of this study show that the use of con-
ventional and atypical antipsychotics may be associated
with an increased risk of hospitalization for femur frac-
ture among nursing home residents. The estimated effect
of conventional antipsychotics is consistent with previous
evidence from observational studies.3,5 Also, our findings

Table 2. Medication Use in the Study Population
(reported as percentage)
Medication Cases (N = 1787) Controls (N = 5606)

Cardiovascular drugsa 48.8 53.7
Anticonvulsants 10.3 10.0
Benzodiazepines 17.1 14.0
Antidepressants 37.1 31.3
Antihistamines 15.6 16.2
Atypical antipsychotics 11.6 8.4
Conventional antipsychotics 9.2 7.6
> 1 antipsychotic 1.0 0.8
aIncluding diuretics, β-blockers, α-blockers, and centrally acting

antihypertensive drugs.

Table 3. Drug Regimens Among Antipsychotic Users
Standing Daily Daily

Number of Orders, Dose, Dose,
Antipsychotic Prescriptions % Mode, mg Range, mg

Atypical
Clozapine 18 100 25.0 12.5–200.0
Olanzapine 220 100 5.0 2.5–20.0
Quetiapine 58 100 25.0 25.0–300.0
Risperidone 615 99 1.0 0.5–4.0

Conventional
Chlorpromazine 44 97 50.0 20.0–150.0
Chlorprothixene 7 99 … …
Fluphenazine 27 100 2.5 0.5–7.5
Haloperidol 352 88 1.0 0.5–6.0
Loxapine 20 99 10.0 5.0–50.0
Mesoridazine 5 99 20.0 10.0–30.0
Molindone 6 100 5.0 5.0–60.0
Perphenazine 88 98 2.0 2.0–8.0
Promazine 56 97 100.0 …
Thioridazine 140 93 10.0 10.0–100.0
Thiothixene 22 98 2.0 1.0–6.0
Trifluoperazine 8 100 2.0 1.0–8.0

Symbol: … = not available.

Table 4. Crude, Adjusted Odds Ratios and 95% Confidence
Intervals of Being Hospitalized for Femur Fracture Among
Residents Using Antipsychotics on a Standing
Ordera Compared With Nonusers

Crude Adjusted 
Antipsychotic OR ORb 95% CI

Atypicals 1.53 1.37 1.11 to 1.69
Risperidone 1.61 1.42 1.12 to 1.80
Olanzapine 1.52 1.34 0.87 to 2.07
Other atypicalsc 1.07 1.03 0.47 to 2.28

Conventionals 1.46 1.35 1.06 to 1.71
Haloperidol 1.65 1.53 1.18 to 2.26
Other conventionalsd 1.16 1.09 0.78 to 1.52

More than one antipsychotic agent 1.70 1.59 0.58 to 3.14
aData for pro re nata (PRN) users are not shown.
bAdjusted for age, gender, race/ethnicity, body mass index, Activities

of Daily Living scale score, Cognitive Performance Scale score,
diabetes, cerebrovascular disease, cataract, glaucoma, anemia,
bladder incontinence, osteoporosis, dementia,  depression, other
psychiatric conditions, Parkinson’s disease, behavioral symptoms,
seizures, history of falls in the prior six months, and concomitant
drug use including cardiovascular drugs, anticonvulsants,
benzodiazepines, antidepressants, and antihistamines.

cIncluding clozapine and quetiapine.
dIncluding chlorpromazine, chlorprothixene, fluphenazine, loxapine,

mesoridazine, molindone, perphenazine, promazine, thioridazine,
thiothixene, and trifluoperazine.
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are in accordance with results of a recent observational
study on residents of aged care facilities in Australia
showing a similar 35% to 70% increase in the risk of falls
associated with the use of either atypical or conventional
antipsychotics.8

In contrast, evidence from clinical trials reporting the
rate of falls among dementia patients on atypical anti-
psychotics did not show an increased risk associated with
the use of risperidone compared with placebo.18–20 None-
theless, somnolence, abnormal gait, and EPS were associ-
ated with risperidone treatment, and they appeared to be
dose dependent. Also, abnormal gait, accidental injuries
including falls, and somnolence were associated with
olanzapine treatment in a dose range of 5, 10, or 15 mg
daily.21 In a recent double-blind trial conducted in patients
with dementia comparing the efficacy of olanzapine ver-
sus placebo and risperidone, the frequency of treatment-
emergent EPS and hyperprolactinemia was higher in the
risperidone group relative to the olanzapine and placebo
groups.22

In this study, risk estimates for olanzapine did not
reach conventional levels of statistical significance. Resi-
dents were receiving olanzapine at a mean dose of 5 mg
per day, which is lower than dosages reported in clinical
trials and lower than that recommended by the Centers
for Medicare and Medicaid Services guidelines for this
population.23 Moreover, the current study could have had
limited power to detect any statistically significant effect
associated with olanzapine due to the limited number of
prescriptions (220 for olanzapine). Nonetheless, the ex-
cess risk associated with olanzapine could be clinically
significant.

This study was underpowered to estimate the indi-
vidual effect of other antipsychotic medications, includ-
ing clozapine, quetiapine, and conventionals other than
haloperidol. Due to their low prevalence, these agents
have been included in the analysis grouped in the “other
atypical” and “other conventional” categories. It is im-
portant to note that because we grouped together medica-
tions that differ substantially from each other, no infer-
ence can be drawn on the individual effect of agents,
including clozapine, quetiapine, and conventionals other
than haloperidol.

Antipsychotic medications may increase the risk of
femur fracture through multiple mechanisms. The well-
established risk of EPS associated with the use of conven-
tional antipsychotics is believed to mediate the risk of fall
and femur fracture. Evidence from clinical trials indicated
a lower propensity of atypical agents to cause gait and
movement disorders.18–21 On the basis of this evidence,
the use of atypical antipsychotics has been promoted, es-
pecially among elderly patients who may be particularly
susceptible to develop antipsychotic-induced EPS. None-
theless, there are data suggesting that the risk of develop-
ing EPS during treatment with atypical antipsychotics is

clinically relevant and dose-dependent.20 Also, a very re-
cent study has shown that treatment with atypical and
conventional antipsychotics is equally associated with an
increased risk of EPS and tardive dyskinesia among older
adults with dementia.24 Atypical antipsychotics block D2

receptors, but they also antagonize serotonergic, musca-
rinic, histaminergic, and α1-adrenergic receptors, leading
to a possible increased risk of confusion, delirium, exces-
sive sedation, and orthostatic hypotension.25 All of these
are well-established etiologic factors for falls and related
femur fractures. Finally, hyperprolactinemia associated
with some of the atypicals––mostly risperidone––could
be responsible for an accelerated loss of bone mineral
density.26

This study provides results of clinical relevance, and
it adds a piece of information to the public health debate
on the use of atypical and conventional antipsychotics in
the elderly population. Behavioral disturbances and psy-
chosis represent a critical issue in geriatric medicine and
public health. It has been shown that 15% of all residents
in U.S. nursing homes receive antipsychotics, and most of
them are prescribed an atypical agent.27 Despite this wide-
spread use, evidence supporting the efficacy and safety of
atypical antipsychotics among patients with dementia is
still limited.28–30 Due to evidence from clinical trials sug-
gesting a possible increased risk in death associated with
atypical antipsychotics, the U.S. Food and Drug Adminis-
tration  has recently issued a warning to physicians point-
ing out the increased mortality and the fact that these
drugs are not approved for this use.31 The same agency is
evaluating an extension of this warning to the use of con-
ventional agents. In this study, we showed that both atypi-
cal and conventional antipsychotics may be related to an
increased risk of femur fracture. This event represents
a major public health issue as it may be associated with
increased morbidity, risk of institutionalization, and mor-
tality.32 In times when physicians perceive a clinical bene-
fit for patients treated with antipsychotics but need more
efficacy and safety data to orient their clinical decision,
information regarding the risk of fall or femur fracture
associated with these medications is crucial.

This study has some limitations. Due to the lack of
power and the low prevalence of antipsychotic use, clo-
zapine, quetiapine, and conventionals other than halo-
peridol could not be analyzed individually. The use of
claims data to ascertain the outcome introduces the poten-
tial for misclassification. By definition, we have missed
all cases of femur fracture unrecognized or for which hos-
pitalization was deemed unnecessary. However, this was
probably a rare occurrence. Selection of controls is a criti-
cal issue in a case-control design. A reference group con-
sisting of hospitalized controls appeared the most valid
comparison group in our study. In fact, by doing so and by
matching within facility, we have tried to control for pa-
tients’ characteristics and other “forces” (structural and
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organizational characteristics of the facility) influencing
the probability of being hospitalized from a nursing
home.12 In a few cases, we had no information on whether
the users were indeed taking antipsychotics at the time
of hospitalization. This introduces a potential for mis-
classification of the exposure. With respect to dosages, we
observed low variability among drug regimens, and we
were not able to investigate dose-response relationships.
Finally, although we controlled for numerous confound-
ers, residual confounding is always possible.

In conclusion, this study has documented an increased
risk of hospitalization for femur fracture associated with
the use of conventional and some atypical antipsychotics
among nursing home residents. Physicians should use
these medications cautiously in the elderly population,
especially among those patients presenting with a higher
risk of falls.

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