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Background: Persons with symptoms of psychosis receiving treatment with atypical

antipsychotics (AAPs) can experience serious adverse events (AEs) requiring admission

to the hospital. The comparative likelihood of AE-related hospitalization following the use

of all AAPs has not been fully characterized. Therefore, we evaluated the safety signals

of hospitalizations associated with the use of AAPs.

Methods: We conducted a cross-sectional analysis using the FDA Adverse Event

Reporting System (FAERS) database (from January 1, 2004, to December 31, 2021)

to examine disproportionality in reporting hospitalizations suspected to be associated

with 12 AAPs (aripiprazole, asenapine, brexpiprazole, clozapine, iloperidone, lurasidone,

olanzapine, paliperidone, and pimavanserin, quetiapine, risperidone, and ziprasidone).

Hospitalization in the FAERs database is an outcome that is recorded as a result of an

AE occurring at any drug dose. We estimated reporting odds ratios (RORs) by comparing

the odds of hospitalization occurring with a particular AAP to the odds of its occurrence

with other drugs. In addition, we considered the presence of a significant safety signal

when the lower limit of the 95% confidence interval (CI) of the ROR is >1.

Results: A total of 204,287 cases of hospitalizations were reported to the FDA for

individuals treated with AAPs. There were significant safety signals of hospitalization

associated with using clozapine (ROR, 2.88; 95% CI, 2.84–2.92), olanzapine (ROR,

2.61; 95% CI, 2.57–2.64), quetiapine (ROR, 1.87; 95% CI, 1.85–1.89), risperidone (ROR,

1.41; 95% CI, 1.39–1.43), aripiprazole (ROR, 1.34; 95% CI, 1.32–1.35), and ziprasidone

(ROR, 1.14; 95% CI, 1.10–1.18). However, no hospitalization-related safety signals were

observed with the use of paliperidone, pimavanserin, iloperidone, asenapine, lurasidone,

and brexpiprazole. The ROR estimates were numerically higher among older adults than

younger adults.

Conclusions: This cross-sectional assessment of data from FAERs

(2004–2021) suggested that users of clozapine, olanzapine, quetiapine,

risperidone, aripiprazole, and ziprasidone were more likely to report being

hospitalized than users of other AAPs. Given that the FAERs database
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only contains spontaneous reports of AEs experienced by persons exposed to a drug

but without information on exposed persons who did not have an event, a cohort study

comparing hospitalizations among new users of individual AAPs against each other is

needed to delineate these safety signals further.

Keywords: antipsychotic medication, hospitalization, FAERS database, signal detection, atypical antipsychotics

INTRODUCTION

In patients with psychotic disorders, treatment with
antipsychotic (AP) medications entails a trade-off between
improving psychotic symptoms and the potential risk of adverse
health outcomes requiring hospitalization (1–5). Conditions
such as schizophrenia, bipolar disorder, depression, dementia,
and Parkinson’s disease (PD) may present with psychotic
symptoms that require treatment with APs (6, 7). In these
patients, hospitalization can occur due to serious adverse events
(AEs) associated with AP use (4, 8–10). For example, persons
treated with clozapine can experience seizures, myocarditis,
pneumonia, and lifethreatening agranulocytosis and may need to
be hospitalized for treatment (1, 3, 4, 11, 12). Also, persons with
a clinical indication for long-term AP use who do not adhere
to their medications can experience acute episodes that may
necessitate admission to the hospital (13–16). Specifically, due to
their relatively more favorable side effect profiles, atypical APs
(AAPs) are generally preferred than typical (first-generation)
APs, and they are increasingly used for a broad range of clinical
indications in various psychotic disorders (17).

To help improve health outcomes and downstream expenses
associated with admission to the hospital, it is crucial to compare
individual AAPs and identify which among them are more likely
to result in hospital admissions than others. Evidence suggests
that first-generation APs were associated with a greater risk for
hospitalization than AAPs (18). While there are some differences
in efficacy between AAPs, their adverse effects are more different
(19). Between 1989 and 2003, clozapine, risperidone, olanzapine,
quetiapine, ziprasidone, and aripiprazole were the only AAPs
approved by the US Food and Drug Administration (FDA).
Since 2004, the FDA has approved more than 5 AAPs for
diverse indications. Although some AAPs are used off-label
to treat psychotic symptoms, in situations where there is no
strong scientific evidence, such use can lead to AEs, and,
ultimately, hospitalization (20, 21). To our knowledge, no study
examined the safety signal of all AAPs related to hospitalization.
Therefore, this study evaluated hospitalizations reported to the
FDA associated with AAP use.

METHODS

Data Source
We performed a cross-sectional analysis of hospitalization
reports following treatment with AAPs using the publicly
available data from the FDA Adverse Event Reporting System
(FAERS) database. The FAERS database is a spontaneous
reporting system for AEs and one of the primary tools for

pharmacovigilance (22). Although the FAERs database also
contains spontaneous reports data from outside the US, it is the
largest and best-known national database for the surveillance
of AE reports worldwide and reflects clinical practice realities.
The study was exempt from ethical review because all analyzed
datasets are de-identified and publicly available. In addition,
we followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for reporting
cross-sectional studies (23).

Primary and Subgroup Analyses
We retrieved spontaneous reports (from January 1, 2004,
to December 31, 2021) of hospitalizations following the use
of 12 different AAPs (aripiprazole, asenapine, brexpiprazole,
clozapine, iloperidone, lurasidone, olanzapine, paliperidone, and
pimavanserin, quetiapine, risperidone, and ziprasidone) from the
FEARs database. Within the FAERs database, hospitalization is
an outcome that is recorded as a result of an AE occurring
at any drug dose. To evaluate safety signals, we examined the
disproportionality in reporting hospitalizations suspected to be
associated with AAP use. We estimated reporting odds ratios
(RORs) by comparing the odds of hospitalization occurring
with a particular AAP to the odds of its occurrence with
other drugs, representing standard practice for the safety signal
quantitative analyses of data in spontaneous AE reporting in
similar databases (24). RORs were estimated because Rothman
et al. established that estimating ROR in databases such as the
FAERs is advantageous over the proportional reporting ratio
(PRR), given that it estimates a relative risk (24). We considered
the presence of a significant safety signal when the lower limit of
the 95% confidence interval (CI) of the ROR is >1 (25). The 95%
CI indicates the precision of the ROR estimate. Furthermore, to
examine the influence of patient demographic variables available
in the FAERs database that may likely explain a potential
relationship between hospitalization and AAP use, we conducted
subgroup analyses by age [older adults (65 years or older) vs.
younger adults (<65 years)] and sex (male vs. female). We used
SAS, version 9.4, to perform all analyses.

RESULTS

Primary Findings
A total of 204,287 hospitalization cases were reported to the FDA
for patients treated with AAPs (Table 1). There were significant
safety signals associated with the use of clozapine (ROR, 2.88;
95% CI, 2.84–2.92), olanzapine (ROR, 2.61; 95% CI, 2.57–
2.64), quetiapine (ROR, 1.87; 95% CI, 1.85–1.89), risperidone
(ROR, 1.41; 95% CI, 1.39–1.43), aripiprazole (ROR, 1.34; 95%
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TABLE 1 | Safety signals of hospitalization associated with atypical antipsychotics use.

AAP AE reports with AAP (n = 642,578) No. of hospitalizations (n = 204,287) ROR LL 95% CI UL 95% CI

Aripiprazole 98,129 27,119 1.34 1.32 1.35

Asenapine 8,367 1,392 0.70 0.66 0.74

Brexpiprazole 9,804 861 0.34 0.31 0.36

Clozapine 84,242 37,892 2.88 2.84 2.92

Iloperidone 1,246 210 0.71 0.61 0.82

Lurasidone 17,424 2,511 0.59 0.56 0.61

Olanzapine 80,520 34,286 2.61 2.57 2.64

Paliperidone 41,765 8,081 0.84 0.82 0.86

Pimavanserin 23,438 4,034 0.73 0.70 0.75

Quetiapine 148,278 51,525 1.87 1.85 1.89

Risperidone 110,206 31,659 1.41 1.39 1.43

Ziprasidone 19,159 4,717 1.14 1.10 1.18

AE, adverse event; AAP, atypical antipsychotic; CI, confidence interval; LL, lower limit; UL, upper limit; ROR, reporting odds ratio.

A safety signal is present when the 95% confidence interval of the ROR is >1.

CI, 1.32–1.35), and ziprasidone (ROR, 1.14; 95% CI, 1.10–
1.18). There were no significant safety signals associated with
using paliperidone (ROR, 0.84; 95% CI, 0.82–0.86), pimavanserin
(ROR, 0.73; 95% CI, 0.70–0.75), iloperidone (ROR, 0.71; 95% CI,
0.61–0.82), asenapine (ROR, 0.70; 95% CI, 0.66–0.74), lurasidone
(ROR, 0.59; 95% CI, 0.56–0.61), and brexpiprazole (ROR, 0.34;
95% CI, 0.31–0.36).

Subgroup Findings
Clozapine, olanzapine, quetiapine, risperidone, aripiprazole, and
ziprasidone showed a consistent association with hospitalization
across all subgroups (Figure 1). Among a subgroup of persons
65 years or older, we observed a significant safety signal for
asenapine (ROR, 2.37; 95% CI, 1.91–2.95) and paliperidone
(ROR, 2.16; 95% CI, 1.90–2.45). Furthermore, the estimates of
hospitalization-related RORs were generally numerically higher
for all AAPs among older adults than younger adults. The
study also found that the reporting odds of hospitalization were
significantly greater among female users of paliperidone (ROR,
1.08; 95% CI, 1.03–1.12) vs. other drugs but not among males.

DISCUSSION

In this cross-sectional evaluation of data from FAERs
(2004–2021), we found significant safety signals related to
hospitalization reports following the use of clozapine, olanzapine,
quetiapine, risperidone, aripiprazole, and ziprasidone but not
with paliperidone, pimavanserin, iloperidone, asenapine,
lurasidone, and brexpiprazole. We also observed that
asenapine and paliperidone were significantly associated
with hospitalization among older adults. In addition, older adults
generally had numerically higher ROR estimates for all AAPs
than younger adults. Finally, the study found a hospitalization-
related safety signal among female users of paliperidone but not
in males.

While this study was not designed to assess the specific
causes of increased hospitalization, prior research found that
hospitalization following the use of AAPs is driven by several

known risk factors such as age, sex, drug formulation [e.g., oral
vs. long-acting injectable (LAI)], non-adherence, and living in a
supervised setting (15). The current study found that older adults
generally had higher RORs of hospitalization than younger adults
partly because AAPs are associated with potentially serious AEs
in vulnerable older adults due to age-related reduction in the
ability to metabolize and excrete drugs (26). The ROR estimate
for olanzapine in persons 65 years or older was almost twice
that of individuals younger than 65. This remarkable difference
is likely because, as a previous study demonstrated, the systemic
exposure to olanzapine increases by age (27). When older adults
are exposed to higher plasma concentrations of olanzapine, they
can experience olanzapine-related AEs, which may necessitate
being hospitalized for treatment. In addition, the study observed
a significant safety signal among persons aged 65 years or above
and among female users of paliperidone. These observations
might be because female patients aged 65 years and above are
more likely to be exposed to a higher plasma concentration
of paliperidone, resulting in more AE-related hospitalizations
than males (28, 29). Thus, cautious dosing when prescribing
paliperidone to older females is needed (28).

The numerically higher RORs among users of olanzapine,
quetiapine, risperidone, aripiprazole, and ziprasidone than
lurasidone users found in this study are consistent with the
results of previous cohort studies (30–33). However, while these
studies were conducted in patients with schizophrenia and
bipolar disorder, the FAERs data used in this study cannot
accurately distinguish between the indications of various AAPs;
hence we could not conduct analysis by underlying diagnoses.
In addition, a retrospective cohort study of older adults with PD
by Hwang et al. reported that pimavanserin was associated with
an increased risk of 30-day hospitalization compared to non-
use (34). However, the study did not compare hospitalizations
related to other AAPs. Therefore, the implication of its findings
was thought to be limited by confounding with indication due
to the lack of an active comparator (34–38). Given our study’s
findings of hospitalization safety signals related to commonly
used off-label AAPs such as quetiapine, olanzapine, risperidone,
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FIGURE 1 | Safety signals of hospitalization associated with atypical antipsychotics use by age and sex. CI, confidence interval. A safety signal is present when the

95% confidence interval of the reporting odds ratios is >1. The maroon-colored square boxes denotes the reporting odds ratio estimates; horizontal lines represents

the 95% CI.

and aripiprazole (39), a cohort study comparing individual AAPs
may be needed to characterize the risk of hospitalization related
to different AAP use compared to each other. Such analysis
should consider the clinical indication of an AAP in its design
(9, 37, 38).

The fact that we did not observe safety signals among all
users of AAPs approved after 2004 (paliperidone, pimavanserin,
iloperidone, asenapine, lurasidone, and brexpiprazole) suggests

the absence of the “Weber effect” (40). In this phenomenon, AE
reporting peaks at the end of the second year after a regulatory
authority approves a drug (41). The absence of significant safety
signals might not be unrelated to the fact that, over the past
decade, improvements in drug developments have contributed to
having newer alternatives with limited AE profiles that result in
hospitalizations (42). For example, pimavanserin has little or no
D2-receptor affinity but, with a predominant 5-HT2A receptor
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affinity, may be helpful in PD-associated psychotic symptoms, for
whom most other APs tend to worsen motor function (1). For
aripiprazole, clozapine, olanzapine, quetiapine, risperidone, and
ziprasidone, the hospitalization-related safety signal estimates
were precise, as evident by the relatively narrow 95% CI of
the RORs. This observation might be related to the fact that
they are more frequently used AAPs across wide-ranging clinical
indications throughout the study period (2004–2021). Thus,
they received more reports of AE-related hospitalizations. While
clinicians are encouraged to avoid using new drugs when older,
similarly efficacious alternatives are available (43), individualized
consideration of the likelihood that using a drug results in AE-
related hospitalization will help improve the health outcomes of
patients with a clinical indication for AAPs.

Study Limitations
This study’s findings should be interpreted while considering the
following limitations. First, signal detection methods employed
in the current study can only identify potential drug safety risks
but not rule them out. This is because spontaneous reports to
FAERs only contained information on persons exposed to a
drug and had an AE but with no information about persons
who took the drug and did not experience an event. Second,
due to its passive surveillance nature and reporting fatigue
among clinicians and patients, the FAERS database is subject
to underreporting (44). Third, the study could not compare
AAPs by formulations and indications. With the established
evidence that the use of LAI AAPs was associated with a lower
risk of hospitalizations than orals (45), the study would have
estimated this possible difference in a subgroup analysis if we
had this information at our disposal. Fourth, the study could
not estimate the time from exposure to a drug and incidence
of hospitalization because such information cannot be estimated
reliably using the FAERs data. Fifth, since hospitalization is
recorded as a result of an AE occurring at any drug dose in
the FAERs database, we were unable to provide information
regarding different doses of AAPs. Finally, the study wasn’t able
to provide information on the specific type of AEs that resulted

in hospitalization. Despite these limitations, spontaneous reports
represent a valuable tool to monitor potential new safety signals
concerning AAPs.

CONCLUSIONS

In this cross-sectional assessment of data from the FAERs, users
of clozapine, olanzapine, quetiapine, risperidone, aripiprazole,
and ziprasidone were significantly more likely to report being
hospitalized than users of other AAPs. However, given that the
FAERs database is limited by having information on spontaneous
reports of persons exposed to a drug and experienced an AE,
but without information on those who did not have the event,
a cohort study comparing the risk of hospitalization among
users of individual AAPs against each other is needed to further
delineate these safety signals.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This
data can be found here: https://www.fda.gov/drugs/questions-
and-answers-fdas-adverse-event-reporting-system-faers/fda-
adverse-event-reporting-system-faers-public-dashboard.

ETHICS STATEMENT

The study was exempt from ethical review by the University of
South Carolina Institutional Review Board because all analyzed
datasets are de-identified and publicly available.

AUTHOR CONTRIBUTIONS

IY and CT: drafting and revision of the manuscript for
content, including medical writing for content, major role in
the acquisition of data, study concept or design, and analysis
or interpretation of data. IK, EC, SA, and NM: drafting and
revision of the manuscript for content, including medical writing
for content, and study concept or design. All authors contributed
to the article and approved the submitted version.

REFERENCES

1. Lieberman JA, First MB. Psychotic disorders. N Engl J Med. (2018) 379:270–

80. doi: 10.1056/NEJMra1801490

2. Haddad PM, Sharma SG. Adverse effects of atypical antipsychotics :

differential risk and clinical implications. CNS Drugs. (2007) 21:911–

36. doi: 10.2165/00023210-200721110-00004

3. Alvir JMJ, Lieberman JA, Safferman AZ, Schwimmer JL, Schaaf JA.

Clozapine-induced agranulocytosis – incidence and risk factors in the

United States.NEngl JMed. (1993) 329:162–7. doi: 10.1056/NEJM1993071532

90303

4. Liperoti R, Gambassi G, Lapane KL, Chiang C, Pedone C, Mor V, et al.

Conventional and atypical antipsychotics and the risk of hospitalization for

ventricular arrhythmias or cardiac arrest. Arch Intern Med. (2005) 165:696–

701. doi: 10.1001/archinte.165.6.696

5. Ray WA, Chung CP, Murray KT, Hall K, Stein CM. Atypical antipsychotic

drugs and the risk of sudden cardiac death. N Engl J Med. (2009) 360:225–

35. doi: 10.1056/NEJMoa0806994

6. Griswold KS, Del Regno PA, Berger RC. Recognition and Differential

Diagnosis of Psychosis in Primary Care. Am FamPhysician. (2015) 91:856–63.

7. Iversen TSJ, Steen NE, Dieset I, Hope S, Mørch R, Gardsjord ES, et al.

Side effect burden of antipsychotic drugs in real life - impact of gender and

polypharmacy. Prog Neuropsychopharmacol Biol Psychiatry. (2018) 82:263–

71. doi: 10.1016/j.pnpbp.2017.11.004

8. Kongkaew C, Noyce PR, Ashcroft DM. Hospital admissions associated with

adverse drug reactions: a systematic review of prospective observational

studies. Ann Pharmacother. (2008) 42:1017–25. doi: 10.1345/aph.1L037

9. Wang S, Linkletter C, Dore D, Mor V, Buka S, Maclure M. Age, antipsychotics,

and the risk of ischemic stroke in the veterans health administration. Stroke.

(2012) 43:28–31. doi: 10.1161/STROKEAHA.111.617191

10. Beijer HJM, de Blaey CJ. Hospitalisations caused by adverse drug reactions

(ADR): a meta-analysis of observational studies. Pharm World Sci. (2002)

24:46–54. doi: 10.1023/A:1015570104121

11. Higgins JM, San C, Lagnado G, Chua D, Mihic T. Incidence and management

of clozapine-induced myocarditis in a large tertiary hospital. Can J Psychiatry.

(2019) 64:561–7. doi: 10.1177/0706743718816058

Frontiers in Psychiatry | www.frontiersin.org 5 June 2022 | Volume 13 | Article 917351

https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://www.fda.gov/drugs/questions-and-answers-fdas-adverse-event-reporting-system-faers/fda-adverse-event-reporting-system-faers-public-dashboard
https://doi.org/10.1056/NEJMra1801490
https://doi.org/10.2165/00023210-200721110-00004
https://doi.org/10.1056/NEJM199307153290303
https://doi.org/10.1001/archinte.165.6.696
https://doi.org/10.1056/NEJMoa0806994
https://doi.org/10.1016/j.pnpbp.2017.11.004
https://doi.org/10.1345/aph.1L037
https://doi.org/10.1161/STROKEAHA.111.617191
https://doi.org/10.1023/A:1015570104121
https://doi.org/10.1177/0706743718816058
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Yunusa et al. Hospitalization Associated With Atypical Antipsychotics Use

12. Milano VR, Kayhart BM, Morgan RJ, DeSimone DC, Mara KC,

Leung JG. Second-Generation Antipsychotics and Pneumonia-

Related Hospitalizations. Prim Care Companion CNS Disord. (2020)

22:20m02594. doi: 10.4088/PCC.20m02594

13. Morken G, Widen JH, Grawe RW. Non-adherence to antipsychotic

medication, relapse and rehospitalisation in recent-onset schizophrenia. BMC

Psychiatry. (2008) 8:32. doi: 10.1186/1471-244X-8-32

14. Higashi K, Medic G, Littlewood KJ, Diez T, Granström O, De Hert M.

Medication adherence in schizophrenia: factors influencing adherence

and consequences of nonadherence, a systematic literature review.

Ther Adv Psychopharmacol. (2013) 3:200–18. doi: 10.1177/20451253124

74019

15. Yan T, Greene M, Chang E, Broder MS, Touya M, Munday

J, et al. Hospitalization risk factors in antipsychotic-treated

schizophrenia, bipolar I disorder or major depressive disorder.

J Comp Eff Res. (2019) 8:217–27. doi: 10.2217/cer-201

8-0090

16. Kozma CM, Weiden PJ. Partial compliance with antipsychotics increases

mental health hospitalizations in schizophrenic patients: analysis of a national

managed care database. Am Health Drug Benefits. (2009) 2:31–8. Available

online at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4106590/

17. Cicala G, Barbieri MA, Santoro V, Tata C, Colucci PV, Vanadia

F, et al. Safety and tolerability of antipsychotic drugs in pediatric

patients: data from a 1-year naturalistic study. Front Psychiatry. (2020)

11:152. doi: 10.3389/fpsyt.2020.00152

18. Aparasu RR, Jano E, Johnson ML, Chen H. Hospitalization

risk associated with typical and atypical antipsychotic use

in community-dwelling elderly patients. Am J Geriatr

Pharmacother. (2008) 6:198–204. doi: 10.1016/j.amjopharm.2008.

10.003

19. Huhn M, Nikolakopoulou A, Schneider-Thoma J, Krause M, Samara M,

Peter N, et al. Comparative efficacy and tolerability of 32 oral antipsychotics

for the acute treatment of adults with multi-episode schizophrenia: a

systematic review and network meta-analysis. Lancet. (2019) 394:939–

51. doi: 10.1016/S0140-6736(19)31135-3

20. Eguale T, Buckeridge DL, Verma A, Winslade NE, Benedetti A,

Hanley JA, et al. Association of off-label drug use and adverse

drug events in an adult population. JAMA Intern Med. (2016)

176:55–63. doi: 10.1001/jamainternmed.2015.6058

21. Suzuki T. Antipsychotic serious adverse events in context. Lancet Psychiatry.

(2019) 6:717–8. doi: 10.1016/S2215-0366(19)30274-3

22. Alomar M, Tawfiq AM, Hassan N, Palaian S. Post marketing surveillance

of suspected adverse drug reactions through spontaneous reporting:

current status, challenges and the future. Ther Adv Drug Saf. (2020)

11:2042098620938595. doi: 10.1177/2042098620938595

23. von Elm E, Altman DG, EggerM, Pocock SJ, Gøtzsche PC, Vandenbroucke JP.

The Strengthening the Reporting of Observational Studies in Epidemiology

(STROBE) statement: guidelines for reporting observational studies. Lancet.

(2007) 370:1453–7. doi: 10.1016/S0140-6736(07)61602-X

24. Rothman KJ, Lanes S, Sacks ST. The reporting odds ratio and its advantages

over the proportional reporting ratio. Pharmacoepidemiol Drug Saf. (2004)

13:519–23. doi: 10.1002/pds.1001

25. van Puijenbroek EP, van Grootheest K, Diemont WL, Leufkens HG,

Egberts AC. Determinants of signal selection in a spontaneous reporting

system for adverse drug reactions. Br J Clin Pharmacol. (2001) 52:579–

86. doi: 10.1046/j.0306-5251.2001.01501.x

26. Gareri P, De Fazio P, De Fazio S, Marigliano N, Ferreri Ibbadu G,

De Sarro G. Adverse effects of atypical antipsychotics in the elderly: a

review. Drugs Aging. (2006) 23:937–56. doi: 10.2165/00002512-200623120-

00002

27. Tveito M, Smith RL, Molden E, Haslemo T, Refsum H, Hartberg C. Age

impacts olanzapine exposure differently during use of oral versus long-acting

injectable formulations: an observational study including 8,288 patients. J Clin

Psychopharmacol. 38:570–6. doi: 10.1097/JCP.0000000000000961

28. Tveito M, Høiseth G, Haslemo T, Molden E, Smith RL. Impact of age

and gender on paliperidone exposure in patients after administration

of long-acting injectable formulations-an observational study using blood

samples from 1223 patients. Eur J Clin Pharmacol. (2021) 77:1201–

8. doi: 10.1007/s00228-021-03114-z

29. Seeman MV. The pharmacodynamics of antipsychotic drugs in women and

men. Front Psychiatry. (2021) 12:650904. doi: 10.3389/fpsyt.2021.650904

30. Ng-Mak D, Messali A, Huang A, Wang L, Loebel A. Hospitalization risk

in patients with schizophrenia treated with dose-equivalent antipsychotics.

Am J Manag Care. (2019) 25(14 Suppl.):S279–86. Available online at: https://

pubmed.ncbi.nlm.nih.gov/31365818/

31. Niu X, Veeranki P, Dennen S, Dembek C, Laubmeier K, Liu Y, et

al. Hospitalization risk among adults with bipolar I disorder treated

with lurasidone versus other oral atypical antipsychotics: a retrospective

analysis of Medicaid claims data. Curr Med Res Opin. (2021) 37:839–

46. doi: 10.1080/03007995.2021.1897557

32. Niu X, Dennen S, Dembek C, Laubmeier K, Liu Y, Veeranki P, et al.

Hospitalization risk for adults with bipolar i disorder treated with oral

atypical antipsychotics as adjunctive therapy with mood stabilizers: a

retrospective analysis of medicaid claims data. Curr Ther Res Clin Exp. (2021)

94:100629. doi: 10.1016/j.curtheres.2021.100629

33. Kadakia A, Dembek C, Liu Y, Dieyi C, Williams GR. Hospitalization

risk in pediatric patients with bipolar disorder treated with lurasidone vs.

other oral atypical antipsychotics: a real-world retrospective claims database

study. J Med Econ. (2021) 24:1212–20. doi: 10.1080/13696998.2021.199

3862

34. Hwang YJ, Alexander GC, An H, Moore TJ, Mehta HB. Risk

of hospitalization and death associated with pimavanserin

use in older adults with Parkinson disease. Neurology. (2021)

97:e1266–75. doi: 10.1212/WNL.0000000000012601

35. Subbiah P, Doshi D, Turner ME. Reader response: risk of hospitalization and

death associated with pimavanserin use in older adults with Parkinson

disease. Neurology. (2022) 98:49. doi: 10.1212/WNL.00000000000

13042

36. Ganesh A, Galetta S. Editors’ note: risk of hospitalization and death associated

with pimavanserin use in older adults with parkinson disease. Neurology.

(2022) 98:48. doi: 10.1212/WNL.0000000000013041

37. Lund JL, Richardson DB, Stürmer T. The active comparator, new

user study design in pharmacoepidemiology: historical foundations

and contemporary application. Curr Epidemiol Rep. (2015)

2:221–8. doi: 10.1007/s40471-015-0053-5

38. Yoshida K, Solomon DH, Kim SC. Active-comparator design and new-

user design in observational studies. Nat Rev Rheumatol. (2015) 11:437–

41. doi: 10.1038/nrrheum.2015.30

39. Maher AR, Maglione M, Bagley S, Suttorp M, Hu J-H, Ewing B, et al. Efficacy

and comparative effectiveness of atypical antipsychotic medications for off-

label uses in adults: a systematic review and meta-analysis. JAMA. (2011)

306:1359–69. doi: 10.1001/jama.2011.1360

40. Weber J. Epidemiology of adverse reactions to non-steroidal

antiinflammatory drugs. Adv Inflamm Res. (1984) 6:1–7.

41. Hoffman KB, Dimbil M, Erdman CB, Tatonetti NP, Overstreet BM. The

Weber effect and the United States Food and Drug Administration’s Adverse

Event Reporting System (FAERS): analysis of sixty-two drugs approved

from 2006 to 2010. Drug Saf. (2014) 37:283–94. doi: 10.1007/s40264-014-

0150-2

42. Maroney M. An update on current treatment strategies and

emerging agents for the management of schizophrenia. Am J

Manag Care. (2020) 26(3 Suppl.):S55–61. doi: 10.37765/ajmc.2020.

43012

43. Lasser KE, Allen PD, Woolhandler SJ, Himmelstein DU, Wolfe SM, Bor DH.

Timing of new black box warnings and withdrawals for prescription

medications. JAMA. (2002) 287:2215–20. doi: 10.1001/jama.287.17.

2215

44. Tkachenko E, Singer S, Sharma P, Barbieri J, Mostaghimi A. US food and

drug administration reports of pregnancy and pregnancy-related adverse

events associated with isotretinoin. JAMA Dermatol. (2019) 155:1175–

9. doi: 10.1001/jamadermatol.2019.1388

45. Kane JM, Schooler NR, Marcy P, Correll CU, Achtyes ED, Gibbons RD,

et al. Effect of long-acting injectable antipsychotics vs usual care on time

to first hospitalization in early-phase schizophrenia: a randomized clinical

Frontiers in Psychiatry | www.frontiersin.org 6 June 2022 | Volume 13 | Article 917351

https://doi.org/10.4088/PCC.20m02594
https://doi.org/10.1186/1471-244X-8-32
https://doi.org/10.1177/2045125312474019
https://doi.org/10.2217/cer-2018-0090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4106590/
https://doi.org/10.3389/fpsyt.2020.00152
https://doi.org/10.1016/j.amjopharm.2008.10.003
https://doi.org/10.1016/S0140-6736(19)31135-3
https://doi.org/10.1001/jamainternmed.2015.6058
https://doi.org/10.1016/S2215-0366(19)30274-3
https://doi.org/10.1177/2042098620938595
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1002/pds.1001
https://doi.org/10.1046/j.0306-5251.2001.01501.x
https://doi.org/10.2165/00002512-200623120-00002
https://doi.org/10.1097/JCP.0000000000000961
https://doi.org/10.1007/s00228-021-03114-z
https://doi.org/10.3389/fpsyt.2021.650904
https://pubmed.ncbi.nlm.nih.gov/31365818/
https://pubmed.ncbi.nlm.nih.gov/31365818/
https://doi.org/10.1080/03007995.2021.1897557
https://doi.org/10.1016/j.curtheres.2021.100629
https://doi.org/10.1080/13696998.2021.1993862
https://doi.org/10.1212/WNL.0000000000012601
https://doi.org/10.1212/WNL.0000000000013042
https://doi.org/10.1212/WNL.0000000000013041
https://doi.org/10.1007/s40471-015-0053-5
https://doi.org/10.1038/nrrheum.2015.30
https://doi.org/10.1001/jama.2011.1360
https://doi.org/10.1007/s40264-014-0150-2
https://doi.org/10.37765/ajmc.2020.43012
https://doi.org/10.1001/jama.287.17.2215
https://doi.org/10.1001/jamadermatol.2019.1388
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Yunusa et al. Hospitalization Associated With Atypical Antipsychotics Use

trial. JAMA Psychiatry. (2020) 77:1217–24. doi: 10.1001/jamapsychiatry.

2020.2076

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those

of the authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the reviewers.

Any product that may be evaluated in this article, or claim that may

be made by its manufacturer, is not guaranteed or endorsed by the

publisher.

Copyright © 2022 Yunusa, Teng, Karaye, Crounse, Alsahali and Maleki.

This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction

in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychiatry | www.frontiersin.org 7 June 2022 | Volume 13 | Article 917351

https://doi.org/10.1001/jamapsychiatry.2020.2076
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Comparative Safety Signal Assessment of Hospitalization Associated With the Use of Atypical Antipsychotics
	Introduction
	Methods
	Data Source
	Primary and Subgroup Analyses

	Results
	Primary Findings
	Subgroup Findings

	Discussion
	Study Limitations

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


