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ORIGINAL ARTICLE

All-cause hospitalization and associated costs in patients with schizophrenia or
bipolar disorder initiating long-acting injectable antipsychotics

Tingjian Yana, Mallik Greeneb, Eunice Changa, Ann Hartryc, Ma€elys Touyac and Michael S. Brodera

aPartnership for Health Analytic Research, LLC, Beverly Hills, CA, USA; bOtsuka Pharmaceutical Development & Commercialization, Inc.,
Princeton, NJ, USA; cLundbeck, Deerfield, IL, USA

ABSTRACT
Objective: To compare all-cause hospitalization and associated costs among patients with schizophre-
nia or bipolar disorder (BD) treated with long-acting injectable antipsychotics (LAIs).
Methods: The Truven MarketScan Medicaid claims database was used to identify patients with schizo-
phrenia; MarketScan Medicaid and commercial claims databases were used to identify BD. Adult
patients with �1 LAI claim from January 1, 2013–June 30, 2014 (ID period) were identified. The first
day of LAI initiation was the index date; patients were followed for �1 year. Logistic and general linear
regression models were used to estimate the risk of hospitalization and associated costs.
Results: Adjusted analyses showed that, in the schizophrenia cohort, risks of hospitalization were stat-
istically significantly higher in the haloperidol [OR (95% CI)¼ 1.51 (1.05–2.16); HR (95% CI)¼ 1.35
(1.05–1.73)] and risperidone [OR (95% CI)¼ 1.58 (1.07–2.33); HR (95% CI)¼ 1.33 (1.01–1.74)] cohorts
than in the aripiprazole once monthly extended release (AOM 400) cohort. Similarly, in patients with
BD, risks of hospitalization were significantly higher in haloperidol [OR (95% CI)¼ 1.49 (1.01–2.19); HR
(95% CI)¼ 1.33 (1.03–1.73)] and risperidone [OR (95% CI)¼ 1.78 (1.19–2.66); HR (95% CI)¼ 1.33
(1.01–1.75)] than in AOM400. No statistically significant differences in hospitalization costs were
observed in either disease group.
Conclusions: Although the study results may be subject to confounding variables that are not con-
tained in claims databases, such as disease severity, it appears that AOM400 may be more effective
than haloperidol and risperidone LAIs among patients with schizophrenia or BD.
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Introduction

Schizophrenia and bipolar disorder (BD) are serious and
chronic mental disorders, affecting 1.1% and 2.6% of the US
adult population, respectively1,2. They can have a devastating
impact on patients, in terms of personal suffering and
reduced quality-of-life3,4, and on society, in terms of substan-
tial economic burden on the US healthcare system. The esti-
mated annual direct and indirect healthcare costs for treating
schizophrenia were over $155 billion in 20135. Persons with
BD incurred $200 billion in combined direct and indirect
healthcare cost in 20156.

Hospitalization, a useful proxy for relapse7, is one of the
major drivers of healthcare costs, contributing up to two-
thirds of the total direct costs of treating patients with
schizophrenia8 and over a quarter of the total direct costs of
treating patients with BD6,9. In addition, relapses can have
devastating repercussions, including reduced quality-of-life
and increased caregiver burden, and worse disease progno-
sis10–13. Preventing hospitalization is critical in the successful
management of schizophrenia and BD.

Antipsychotics are the cornerstone of pharmacological
treatment of schizophrenia. Compared with oral formulations,

long-acting injectable antipsychotics (LAIs) offer several
advantages, such as no need for daily administration, reliable
monitoring of treatment adherence, and an increased oppor-
tunity for the treatment team to intervene appropriately if a
patient misses a dose14. Six LAIs, with different formulations,
are currently available and approved by the US Food and
Drug Administration (FDA) for the treatment of schizophre-
nia. These include aripiprazole once monthly extended
release (AOM 400), aripiprazole lauroxil (aripiprazole lauroxil-
LAI), fluphenazine decanoate (fluphenazine-LAI), haloperidol
decanoate (haloperidol-LAI), olanzapine pamoate (olanzapine-
LAI), paliperidone palmitate, 4-week (paliperidone-LAI), pali-
peridone palmitate, 12-week (paliperidone 12-week-LAI), and
risperidone microspheres (risperidone-LAI). Administration
schedules range from biweekly to every 3 months.
Antipsychotics, as monotherapy or as adjunctive therapy to
mood stabilizers, have also been increasingly used to treat
BD9,15. AOM 400 and risperidone-LAI are the only two
approved LAIs for the maintenance-treatment of bipolar I dis-
order in the US, with AOM 400 recently approved in July
2017 for the maintenance treatment of BD type 116. Previous
studies have shown that patients with BD have used AOM
400 and other LAIs off-label13.
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Current guidelines recommend that clinicians should con-
sider LAIs in patients who are inadequately adherent to anti-
psychotics14,17,18. The literature on the clinical effectiveness
and economic impact of selecting one LAI vs another in
reducing hospitalization and associated costs is limited19,20.
Prior studies have not included all recently approved LAIs,
such as AOM 400. The aim of the current study was to evalu-
ate all-cause inpatient healthcare utilization and associated
costs for two separate populations—patients with schizo-
phrenia and patients with BD—who were treated with differ-
ent LAIs.

Methods

Data source and study design

To identify patients with schizophrenia, administrative claims
data from the Truven Health Analytics MarketScan Medicaid
claims database were used. This database includes demo-
graphic and clinical information, inpatient and outpatient
utilization data and outpatient prescription data for 40 mil-
lion Medicaid enrollees from multiple geographically dis-
persed states. Most patients with schizophrenia are insured
through the Medicaid and Medicare programs21–23 and
patients that are not may differ systematically (e.g. be less
severely ill); thus, commercially insured patients with schizo-
phrenia were not included in this analysis. To ensure com-
plete medication claims histories, patients with Medicare
dual-eligibility and those without mental health coverage
were excluded.

To identify patients with BD, claims data from both
Truven Medicaid and commercial databases were analyzed.
The MarketScan commercial database includes medical and
pharmacy claims for nearly 62.9 million individuals and their
dependents who are covered through employer-sponsored
private health insurance plans.

The data used for the two analyses were from January 1,
2012 through June 30, 2015. All data were compliant with
the Health Insurance Portability and Accountability Act
(HIPAA) of 1996. Institutional review board approval was not
required.

Sample selection

Among patients with at least one inpatient claim or two out-
patient claims for schizophrenia (International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]:
295.xx) at any time during the entire study period, six mutu-
ally exclusive LAI cohorts were identified. The cohorts com-
prised patients with schizophrenia and who started one of
the following available LAIs during the identification (ID)
period (January 1, 2013 to June 30, 2014): AOM 400, fluphe-
nazine-LAI, haloperidol-LAI, risperidone-LAI, olanzapine-LAI,
and paliperidone-LAI. Two currently marketed LAIs (aripipra-
zole lauroxil-LAI and paliperidone 12-week-LAI) were
approved after the study end date and were not included.
The index date was defined as the earliest occurrence (the
first date) of a claim for one of the LAI therapies of interest
during the ID period. The LAI observed on the index date

was defined as the index therapy. Patients were excluded if
they had claims for non-index LAI therapies in the 1-year
prior to index (baseline period), or if they lacked continuous
enrollment for 12-months pre- and 12-months post-index.
Patients were followed for at least 1 year until the end of
enrollment or study end, whichever occurred first. The first
diagnosis of schizophrenia was required to be before the
index date.

Analogous patient selection and cohort identification crite-
ria were applied to identify the group of patients with BD
(ICD-9-CM: 296.0x, 296.1x, 296.4x, 296.6x, 296.7x, 296.8x) who
initiated LAIs.

Study measures

Baseline measures
Baseline variables potentially related to illness severity were
examined using data in the 1-year pre-index period. These
included: sociodemographics (age, sex, and race), Charlson
comorbidity index24,25, number of chronic condition indica-
tors26, somatic comorbidities (obesity, diabetes mellitus,
hyperlipidemia, and hypertension), psychiatric comorbidities
[depression, anxiety, personality disorder, substance abuse
disorder, and BD (schizophrenia for the BD cohort)], somatic
medication use (anti-diabetic medications, lipid-lowering
medications, and anti-hypertensive medications), psychiatric
medication use (antidepressants, anti-anxiety medications,
sedatives or hypnotics, and mood stabilizers for the group of
patients with BD), and any baseline inpatient hospitalization
or emergency department (ED) visits. We reported the pres-
ence of claims for other psychiatric conditions. Unlike in our
patient identification algorithm (which required one inpatient
or two outpatient claims for the target condition), we identi-
fied patients as having depression, anxiety, personality dis-
order, substance abuse disorder, BD (in the group of patients
with schizophrenia), and schizophrenia (in patients with BD)
by the presence of a single code for the relevant condition.

Outcome measures
The outcome measures included in the study were all-cause
hospitalization and associated costs, as well as risk of and
time to first all-cause hospitalization. Hospitalization rates
and associated costs were reported during the 1-year post-
index period. The long-term risk of all-cause hospitalization
during the entire follow-up period (�365 days) was also
reported. Outcomes were reported separately for schizophre-
nia and BD groups.

Statistical analysis

Descriptive analyses were performed to assess differences
among the selected LAI cohorts across baseline covariates.
Specifically, chi-square tests were used for categorical varia-
bles and two sample t-tests were used for continuous varia-
bles. Logistic regression and general linear regression
models were conducted to estimate adjusted all-cause hos-
pitalization rates and associated costs during the 1-year
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post-index period, controlling for baseline covariates, includ-
ing age, gender, race (White vs non-White for the group of
patients with schizophrenia), Charlson comorbidity
index24,25, number of chronic conditions26, any baseline
inpatient hospitalization or ED visits, depression, anxiety, BD
(schizophrenia for the group of patients with BD), and any
use baseline psychiatric or somatic medication use. A Cox
regression model was conducted to estimate risks of all-
cause inpatient hospitalization during the entire follow-up,
adjusting for the baseline covariates mentioned above. All
data transformations and statistical analyses were performed
using SAS version 9.4.

Results

Sample description

Of the 79,826 patients with schizophrenia identified from the
Truven Medicaid database, 2,861 initiated an LAI and met the
study selection criteria. Due to the small sample size (n¼ 54),
patients with olanzapine-LAI use were excluded. A total of
2,807 patients were, therefore, included in the schizophrenia
analytic sample.

Of the 381,369 patients with BD identified from the
Truven Commercial and Medicaid databases, 1,672 initiated
an LAI and met the study selection criteria. Patients treated
with fluphenazine-LAI (n¼ 97) and olanzapine-LAI (n¼ 35)
were excluded due to the small sample sizes, leaving 1,540
patients in the BD analytic sample (Figure 1).

Baseline characteristics

Table 1 shows patient characteristics at baseline. Of the iden-
tified Medicaid patients with schizophrenia, 258 initiated
AOM 400, 186 fluphenazine-LAI, 741 haloperidol-LAI, 1,235
paliperidone-LAI, and 387 risperidone-LAI. The mean age for
the overall sample was 40 years, 43.2% of patients were
female, 57.8% were African American, and the most common
comorbidities were substance abuse (52.4%), depression
(45.2%), and hypertension (42.8%).

Compared with other LAI users with schizophrenia, AOM
400 users were statistically younger, were more likely to be
White, and had lower rates of hospitalization and ED use at
baseline (p< 0.05 for all comparisons).

In the analytic sample for BD, 224 initiated AOM 400, 324
haloperidol-LAI, 741 paliperidone-LAI, and 251 risperidone-
LAI. Compared with other LAI users with BD, AOM 400 users
were statistically younger with a mean age of 34 years, and
had lower rates of hospitalization and ED use at baseline
(p< 0.05) (Table 1).

Risks of all-cause hospitalization

For the group of patients with schizophrenia, AOM 400 users
had the lowest, unadjusted hospitalization rate (24.0%) dur-
ing the 1-year post-index period, although there was no stat-
istically significant difference in hospitalization rates across
the LAI cohorts (p¼ 0.12). Further adjusting for differences in

N = 381,369 patients with BD with 1 
inpatient or 2 outpatient claims for bipolar 

disorder (ICD-9-CM: 296.0x, 296.1x, 296.4x, 
296.6x-.8x) from 1/1/2012-6/30/2015

N = 3,683 initiated an LAI in the ID 
period (01/01/2013-06/30/2014) 

33 patients <18 years old on the 
index date

1,617 patients not continuously 
enrolled 1 year prior to and 1 year 
after the index date

N = 3,650

N = 79,826 patients with schizophrenia with 
1 inpatient claim or 2 outpatient claims for 

schizophrenic disorders (ICD-9-CM: 295.xx) 
from 01/01/2012- 06/30/2015 

54 patients <18 years old on the 
index date

N = 5,858 

2,491 patients not continuously 
enrolled 1 year prior to and 1 year 
after the index date

N = 3,367
560 patients without 1 
schizophrenia diagnosis prior to 
or on index date, and without 
single LAI use on the index date 

N = 2,807 Schizophrenia LAI Usersa

N = 5,912 initiated an LAI in the ID 
period (01/01/2013-06/30/2014) 

N =1,540 BD LAI Usersb

N = 2,033 
493 patients without 1 BD 
diagnosis prior to or on index 
date, and with more than one LAI 
use on the index date or without 
LAI of interest

Excluded patients Excluded patients

a 54 olanzapine-LAI users excluded due to small sample size.
b97 fluphenazine-LAI users and 35 olanzapine-LAI users excluded due to small sample size.

Figure 1. Patient identification: there were 79,826 patients with schizophrenia and 381,369 patients with BD who had �1 inpatient claim or �2 outpatient claims
for schizophrenia or BD, respectively, between January 1, 2012 and June 30, 2015. After excluding patients who were <18 years old; were not continuously enrolled
in the 1 year pre- and post-index period; did not have �1 schizophrenia or BD diagnosis, respectively, prior to or on the index date; or without LAI use on the index
date, there remained 2,807 patients with schizophrenia and 1,540 patients with BD who were included in the study.
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baseline characteristics, the odds of having any hospitaliza-
tion were significantly higher in the haloperidol-LAI [Odds
ratio (OR) (95% CI)¼ 1.51 (1.05–2.16)] and risperidone-LAI [OR
(95% CI)¼ 1.58 (1.07–2.33)] cohorts, compared with AOM 400
users. The fluphenazine-LAI and paliperidone-LAI users also
had higher risk of having any hospitalization, compared with
AOM 400 users, but the differences were not statistically sig-
nificant (p> 0.05). During the entire follow-up period, the
results of the Cox regression showed consistent findings,
with the risk of having any hospitalization significantly higher
in haloperidol-LAI [Hazard ration (HR) (95% CI)¼ 1.35
(1.05–1.73)] and risperidone-LAI [HR (95% CI)¼ 1.33
(1.01–1.74)] (Table 2).

Results for the group of patients with BD were similar.
During the 1-year post-index and entire follow-up periods,
compared with the AOM 400 cohort, the risks of having any
inpatient hospitalization were significantly higher in the halo-
peridol-LAI [OR (95% CI)¼ 1.49 (1.01–2.19; HR (95% CI)¼ 1.33
(1.03–1.73)] and risperidone-LAI [OR (95% CI)¼ 1.78
(1.19–2.66); HR (95% CI)¼ 1.33 (1.01–1.75)] cohorts.
Paliperidone-LAI users also had a higher risk of being hospi-
talized than AOM 400 users, but the differences were not
statistically significant (p> 0.05).

All-cause hospitalization costs

Table 3 shows the unadjusted and adjusted hospitalization
costs among hospitalized patients.

For hospitalized patients with schizophrenia (n¼ 854), the
unadjusted mean hospitalization costs were numerically
lower in AOM 400 users than in other LAI users during the 1-
year post-index period. However, the differences were not
statistically significant. Results from the general linear regres-
sion confirmed this finding. The adjusted mean all-cause hos-
pitalization costs were lowest in the AOM 400 cohort
[$25,616 (95% CI ¼13,099–38,133)], followed by haloperidol-
LAI [$30,811 (24,274–37,348)], paliperidone-LAI [$30,833
(25,697–35,968)], risperidone-LAI [$31,584 (22,986–40,183)],
and fluphenazine-LAI [$37,338 (24,418–50,259)], although dif-
ferences were not statistically significant.

For the group of patients with BD, the adjusted mean all-
cause hospitalization costs among hospitalized patients (n¼ 597)
were also lowest numerically in the AOM 400 cohort [$26,002
(95% CI ¼13,733–38,271)], followed by risperidone-LAI [$27,937
(18,420–37,454)], haloperidol-LAI [$30,411 (21,978–38,845)],
and paliperidone-LAI [$33,240 (27,049–39,432)]. The cost dif-
ferences were not statistically significant (p> 0.05) (Table 3).

Table 1. Patient characteristics.

Aripiprazole Fluphenazine Haloperidol Paliperidone Risperidone All p-value
Schizophrenia n¼ 258; 9.2% n¼ 186; 6.6% n¼ 741; 26.4% n¼ 1,235; 44.0% n¼ 387; 13.8% n¼ 2,807

Demographics
Age, years, mean (SD) 37.0 (12.5) 44.0 (14.1) 41.7 (13.2) 38.2 (12.7) 41.9 (13.8) 39.9 (13.2) <0.001
Female, n (%) 113 (43.8) 83 (44.6) 331 (44.7) 507 (41.1) 179 (46.3) 1,213 (43.2) 0.327
Race, n (%) <0.001

White 117 (45.3) 53 (28.5) 168 (22.7) 375 (30.4) 116 (30.0) 829 (29.5)
African American 122 (47.3) 112 (60.2) 478 (64.5) 689 (55.8) 221 (57.1) 1,622 (57.8)
Other 19 (7.4) 21 (11.3) 95 (12.8) 171 (13.8) 50 (12.9) 356 (12.7)

Comorbidities
Charlson comorbidity index, mean (SD) 1.0 (1.8) 1.3 (1.9) 1.2 (2.0) 1.0 (1.6) 1.3 (2.0) 1.1 (1.8) <0.001
No. chronic conditions, mean (SD) 3.5 (2.3) 3.8 (2.2) 3.5 (2.3) 3.4 (2.2) 3.8 (2.3) 3.5 (2.2) 0.005
Psychiatric comorbidities, n (%) 188 (72.9) 145 (78.0) 556 (75.0) 957 (77.5) 297 (76.7) 2,143 (76.3) 0.458

Depression 97 (37.6) 72 (38.7) 351 (47.4) 579 (46.9) 171 (44.2) 1,270 (45.2) 0.016
Anxiety 96 (37.2) 73 (39.2) 228 (30.8) 462 (37.4) 131 (33.9) 990 (35.3) 0.025
Personality disorder 37 (14.3) 29 (15.6) 97 (13.1) 170 (13.8) 54 (14.0) 387 (13.8) 0.926
Substance abuse disorders 123 (47.7) 103 (55.4) 366 (49.4) 683 (55.3) 196 (50.6) 1,471 (52.4) 0.036
Bipolar disorders 103 (39.9) 67 (36.0) 218 (29.4) 461 (37.3) 153 (39.5) 1,002 (35.7) <0.001

Somatic comorbidities,a n (%) 145 (56.2) 122 (65.6) 428 (57.8) 665 (53.8) 230 (59.4) 1,590 (56.6) 0.020
Baseline healthcare service use
Use of any oral anti-psychotic medication 219 (84.9) 151 (81.2) 555 (74.9) 978 (79.2) 324 (83.7) 2,227 (79.3) <0.001
Any inpatient hospitalization or ED visits, n (%) 146 (56.6) 134 (72.0) 482 (65.0) 845 (68.4) 261 (67.4) 1,868 (66.5) 0.002

Bipolar Disorder n¼ 224; 14.5% – n¼ 324; 21.0% n¼ 741; 48.1% n¼ 251; 16.3% n¼ 1,540

Demographics
Age, years, mean (SD) 33.6 (12.5) 37.2 (12.9) 35.1 (12.8) 37.0 (14.2) 35.7 (13.1) 0.003
Medicaid, n (%) 185 (82.6) 277 (85.5) 638 (86.1) 191 (76.1) 1,291 (83.8) 0.002
Female, n (%) 118 (52.7) 162 (50.0) 362 (48.9) 127 (50.6) 769 (49.9) 0.785
Race, n (%) – – – – – –

Comorbidities
Charlson comorbidity index, mean (SD) 1.2 (1.8) 1.3 (1.9) 1.1 (1.7) 1.3 (2.0) 1.2 (1.8) 0.213
No. chronic conditions, mean (SD) 4.0 (2.3) 4.1 (2.3) 3.9 (2.3) 3.9 (2.2) 4.0 (2.3) 0.695
Psychiatric comorbidities, n (%) 196 (87.5) 306 (94.4) 679 (91.6) 231 (92.0) 1,412 (91.7) 0.038

Depression 119 (53.1) 189 (58.3) 398 (53.7) 132 (52.6) 838 (54.4) 0.450
Anxiety 107 (47.8) 152 (46.9) 385 (52.0) 116 (46.2) 760 (49.4) 0.262
Personality disorder 48 (21.4) 71 (21.9) 153 (20.6) 45 (17.9) 317 (20.6) 0.675
Substance abuse disorders 121 (54.0) 202 (62.3) 466 (62.9) 137 (54.6) 926 (60.1) 0.021
Schizophrenia 117 (52.2) 250 (77.2) 494 (66.7) 167 (66.5) 1,028 (66.8) <0.001

Somatic comorbidities,a n (%) 125 (55.8) 192 (59.3) 416 (56.1) 132 (52.6) 865 (56.2) 0.462
Baseline healthcare service use
Use of any oral anti-psychotic medication 196 (87.5) 288 (88.9) 638 (86.1) 227 (90.4) 1,349 (87.6) 0.273
Any inpatient hospitalization or ED visit, n (%) 161 (71.9) 275 (84.9) 610 (82.3) 207 (82.5) 1,253 (81.4) <0.001

aOf the overall schizophrenia group, 18.7% had obesity, 22.3% diabetes mellitus, 28.3% hyperlipidemia, and 42.8% hypertension; in BD, 21.5% had obesity,
19.7% diabetes mellitus, 27.3% hyperlipidemia, and 39.7% hypertension.
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Discussion

Adjusting for differences in baseline characteristics, compared
with AOM 400 initiators, patients with schizophrenia initiating
haloperidol-LAI and risperidone-LAI were 51% and 58% more
likely to be hospitalized during the 1-year post-index period
(p< 0.05), and 35% and 33% more likely to be hospitalized
during the entire follow-up period (�365 days) (p< 0.05).
Compared with AOM 400, fluphenazine-LAI and paliperidone-
LAI users had higher risks of hospitalization; however, differ-
ences were not statistically significant (p> 0.05). Among hos-
pitalized patients, AOM 400 users had the numerically lowest
hospitalization costs, although the differences were not stat-
istically significant.

For the group of patients with BD, haloperidol-LAI and ris-
peridone-LAI initiators were 49% and 78% more likely to be
hospitalized during the 1-year post-index period (p< 0.05)
and 33% and 33% more likely to be hospitalized during the
entire follow-up period (�365 days) (p< 0.05) than AOM 400
users. Paliperidone-LAI users had a higher risk of hospitaliza-
tion than AOM 400 users; however, the difference was not

statistically significant (p> 0.05). Hospitalized AOM 400 users
had the lowest hospitalization costs, but the differences were
not statistically significant. The positive findings in the
AOM400 cohort relative to haloperidol-LAI and risperidone-
LAI may be due to selection bias. As shown in the data,
patients receiving LAI aripiprazole were significantly younger
and less frequently utilized hospitalization or ED visit during
the 1-year pre-index period. It is very likely that patients
treated with AOM400 were less severe in psychopathology
and functioning. We were unable to adjust these measures,
due to lack of data in the claims database.

Hospitalization is a useful proxy for relapse when studying
a naturalistic setting7. To reduce the risks of hospitalization
or relapse, it is crucial to effectively address predisposing fac-
tors27. Partial adherence or non-adherence to antipsychotic
medication increases the risk of relapse7. The majority of
patients in this study used oral antipsychotics and were hos-
pitalized or visited ED at baseline, suggesting that patients
may have been poorly adherent to oral antipsychotics. A
growing body of literature on the treatment of schizophrenia
has shown that LAIs improve medication adherence, reduce

Table 2. Unadjusted all-cause hospitalization rate and risksa of all-cause hospitalization.

Unadjusted all-cause hos-
pitalization rates in 1-year

post-index period

Risk of all-cause hospitalization in
1-year post-index periodb

Risk of all-cause hospitalization in
the entire follow-up periodc

% p-value OR (95% CI) p-value HR (95% CI) p-value

Schizophrenia n¼ 2,807 n¼ 2,807 n¼ 2,807

LAIs
AOM 400 (reference) 24.0% 0.117 – – – –
Fluphenazine-LAI 31.2% 1.35 (0.85–2.13) 0.207 1.28 (0.92–1.76) 0.140
Haloperidol-LAI 30.6% 1.51 (1.05–2.16) 0.026 1.35 (1.05–1.73) 0.021
Paliperidone-LAI 29.7% 1.33 (0.94–1.87) 0.103 1.25 (0.99–1.59) 0.065
Risperidone-LAI 33.9% 1.58 (1.07–2.33) 0.022 1.33 (1.01–1.74) 0.040

Bipolar Disorder n¼ 1,540 n¼ 1,540 n¼ 1,540

LAIs
AOM 400 (reference) 31.3% <0.001 – – – –
Haloperidol-LAI 44.4% 1.49 (1.01–2.19) 0.044 1.33 (1.03–1.73) 0.031
Paliperidone-LAI 36.2% 1.11 (0.79–1.57) 0.539 1.08 (0.85–1.37) 0.507
Risperidone-LAI 45.8% 1.78 (1.19–2.66) 0.005 1.33 (1.01–1.75) 0.039

Abbreviations. OR, odds ratio; HR, hazards ratio; LAI, long-acting injectable.
aAdjusted for age group, gender, race (White vs non-White), Charlson comorbidity index, number of chronic conditions, any baseline inpatient hospitalization or
ED visit, depression, anxiety, bipolar disorder/schizophrenia, any use baseline psychiatric medication use, and any baseline somatic medication use
bLogistic regression model.
cCox regression model.

Table 3. Unadjusted and adjusted all-cause inpatient hospitalization costs among hospitalized patients during the 1-year post-index period.

Unadjusted inpatient hospitalization costs
among hospitalized patients, Mean (SD)

p-value Adjusteda inpatient hospitalization costs among
hospitalized patients, Mean/Rate (95% CI)

p-value

Schizophrenia n¼ 854 n¼ 854

AOM 400b (n¼ 62) $23,893 (35,718) 0.609 $25,616 (13,099–38,133) 0.797
Fluphenazine-LAI (n¼ 58) $38,639 (58,574) $37,338 (24,418–50,259)
Haloperidol-LAI (n¼ 227) $31,578 (38,052) $30,811 (24,274–37,348)
Paliperidone-LAI (n¼ 367) $30,436 (59,612) $30,833 (25,697–35,968)
Risperidone-LAI (n¼ 131) $31,607 (39,299) $31,584 (22,986–40,183)
Bipolar Disorder n¼ 597 n¼ 597
AOM 400b (n¼ 70) $21,970 (33,768) 0.444 $26,002 (13,733–38,271) 0.675
Haloperidol-LAI (n¼ 144) $32,062 (35,938) $30,411 (21,978–38,845)
Paliperidone-LAI (n¼ 268) $32,930 (66,188) $33,240 (27,049–39,432)
Risperidone-LAI (n¼ 115) $29,046 (38,687) $27,937 (18,420–37,454)

Abbreviation. LAI, long-acting injectable.
aAdjusted for age group, gender, race (White vs non-White), Charlson comorbidity index, number of chronic conditions, any baseline inpatient hospitalization or
ED visit, depression, anxiety, bipolar disorder/schizophrenia, any use baseline psychiatric medication use, and any baseline somatic medication use.
bReference.
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inpatient hospitalization, and reduce costs compared with
oral antipsychotics28–30.

LAIs are currently under-utilized31,32. The decision to initi-
ate LAIs is influenced by attitudes of patients and clini-
cians19,33. Patients may resist LAIs because of stigma, fear of
injections, time constraints and costs34. Clinicians may be
reluctant to prescribe LAIs due to their beliefs about side-
effects, lack of evidence of superior efficacy and lack of prac-
tical knowledge about their use19. Optimal use of new formu-
lation LAIs may require a substantial change in the general
attitude towards LAIs as a treatment option35. In addition,
given the general difficulties in the management of schizo-
phrenia or BD and in identifying patients who are at-risk of
relapse, no single treatment is currently effective for treating
all patients. To take full advantage of current pharmaco-
logical therapies, multi-level approaches targeting more than
one factor with more than one intervention are needed.

Based on our review of the literature, this is the first real-
world study directly comparing the effectiveness of AOM 400
with other LAIs in preventing relapse. Previous studies dir-
ectly comparing one LAI vs another focused on older LAIs,
such as risperidone-LAI vs haloperidol-LAI15 or vs paliperi-
done-LAI36,37. A recent randomized clinical trial found that
AOM 400 was superior to paliperidone-LAI in improving
patients’ health-related quality-of-life and was associated
with a favorable tolerability profile38. The impact of AOM 400
vs other LAIs on relapse and associated costs was not
addressed in those studies.

This study had several limitations. First, schizophrenia and
BD diagnoses were identified from health insurance claims,
which are designed for reimbursement rather than research;
misclassification, diagnostic uncertainty, or coding errors
were possible. Nevertheless, health insurance claims data
remain a valuable source of information as they contain a
large sample of patients and include reliable measures of
economic and utilization outcomes in a real-world setting.
Second, lack of information on race in the MarketScan
Commercial database used to identify patients with BD, fur-
ther restricted us from including this potentially significant
confounder in the multivariate analysis. Third, the goal of the
study was to examine, on an intent to treat basis, outcomes
associated with the initiation of various LAIs. Given this
design, we did not adjust for dosing or tolerability of, or
adherence to, the regimen initiated. We initiated this study
to look broadly at two different indications and a wide var-
iety of LAIs. The advantage of the current design is that it
provides data on the question “what happens to patients ini-
tiated on different LAIs?”—rather than asking to what extent
dosing, tolerability, or adherence impact treatment outcomes.
Although these factors are related to outcomes, they may
also be related to the treatment of interest. Additional
research is needed to better understand the impact of these
factors on outcome differences observed across the LAI
agents. Fourth, due to the small sample size, some findings
were not statistically significant. Future studies with larger
sample sizes are warranted. Finally, results for the group of
patients with schizophrenia are reflective of a multi-state
Medicaid population, but may not be generalizable to non-
Medicaid patient populations.

Conclusions

Although this was a retrospective study and cannot establish
causality, it appears that AOM 400 may be more effective at
reducing the risk of relapse for patients with schizophrenia
or BD in a real-world setting as compared to haloperidol-LAI
and risperidone-LAI. To take advantage of new therapeutic
opportunities, clinicians treating patients with schizophrenia
or BD may consider implementing programs that incorporate
both pharmacological and non-pharmacological elements for
better management of schizophrenia and BD.

Transparency

Declaration of funding

This research was supported by Otsuka Pharmaceutical Development
and Commercialization Inc. and Lundbeck.

Declaration of financial/other relationships

M. Greene is an employee of Otsuka Pharmaceutical Development and
Commercialization Inc., Princeton, NJ. T. Yan, M.S. Broder, and E. Chang
are employees of Partnership for Health Analytic Research, LLC, Beverly
Hills, CA. A. Hartry and M. Touya are employees of Lundbeck, Deerfield,
IL. The authors have no other relevant affiliations or financial involve-
ment with any organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed. Peer reviewers on this manuscript
have received an honorarium from CMRO for their review work, but
have no other relevant financial relationships to disclose.

Acknowledgments

No assistance in the preparation of this article is to be declared.

Previous presentations

International Society for Pharmacoeconomics and Outcomes Research
(ISPOR) 22nd Annual International Meeting, May 2017; Health Technology
Assessment International (HTAi) 2017 Annual Meeting, June 17–21, 2017.

References

1. Schizophrenia [Internet]. Bethesda, MD: The National Institute of
Mental Health; 2016. Available online at: https://www.nimh.nih.
gov/health/statistics/prevalence/schizophrenia.shtml. Accessed
February 12, 2017

2. Bipolar Disorder among Adults [Internet]. Bethesda, MD: The
National Institute of Mental Health; 2016. Available online at:
https://www.nimh.nih.gov/health/statistics/prevalence/bipolar-dis-
order-among-adults.shtml. Accessed February 12, 2017

3. Barkhof E, Meijer CJ, de Sonneville LMJ, et al. Interventions to
improve adherence to antipsychotic medication in patients with
schizophrenia–a review of the past decade. Eur Psychiatry
2012;27:9-18

4. Durden E, Bagalman E, Muser E, et al. Characteristics, healthcare
utilization and costs of bipolar disorder type I patients with and
without frequent psychiatric intervention in a Medicaid popula-
tion. J Med Econ 2010;13:698-704

5. Cloutier M, Aigbogun MS, Guerin A, et al. The economic burden of
schizophrenia in the United States in 2013. J Clin Psychiatry
2016;77:764-71

6 T. YAN ET AL.

D
ow

nl
oa

de
d 

by
 [U

C
LA

 L
ib

ra
ry

] a
t 0

9:
34

 0
3 

N
ov

em
be

r 2
01

7 



6. Cloutier M, Greene M, Guerin A, et al. Total and excess costs asso-
ciated with bipolar I disorder in the United States in 2015. Poster
session presented at ASHP Summer Meetings and Exhibition; June
3–7, 2017; Minneapolis, MN.

7. Olivares JM, Sermon J, Hemels M, et al. Definitions and drivers of
relapse in patients with schizophrenia: a systematic literature
review. Ann Gen Psychiatry 2013;12:32

8. Lafeuille M-H, Gravel J, Lefebvre P, et al. Patterns of relapse and
associated cost burden in schizophrenia patients receiving atypical
antipsychotics. J Med Econ 2013;16:1290-9

9. Bergeson JG, Kalsekar I, Jing Y, et al. Medical care costs and hospi-
talization in patients with bipolar disorder treated with atypical
antipsychotics. Am Health Drug Benefits 2012;5:379-86

10. Almond S, Knapp M, Francois C, et al. Relapse in schizophrenia:
costs, clinical outcomes and quality of life. Br J Psychiatry J Ment
Sci 2004;184:346-51

11. Awad AG, Voruganti LNP. The burden of schizophrenia on care-
givers. PharmacoEconomics 2008;26:149-62

12. Suzuki T. A further consideration on long-acting injectable versus
oral antipsychotics in the treatment of schizophrenia: a narrative
review and critical appraisal. Expert Opin Drug Deliv 2016;13:253-64

13. Gigante AD, Lafer B, Yatham LN. Long-acting injectable antipsy-
chotics for the maintenance treatment of bipolar disorder. CNS
Drugs 2012;26:403-20

14. Brissos S, Veguilla MR, Taylor D, et al. The role of long-acting
injectable antipsychotics in schizophrenia: a critical appraisal. Ther
Adv Psychopharmacol 2014;4:198-219

15. Wu C-S, Hsieh MH, Tang C-H, et al. Comparative effectiveness of
long-acting injectable risperidone vs. long-acting injectable first-
generation antipsychotics in bipolar disorder. J Affect Disord
2016;197:189-95

16. Otsuka Pharmaceuticals Co., Ltd and H. Lundbeck A/s. Abilify
MaintenaVR (aripiprazole) for extended-release injectable suspen-
sion approved by the U.S. FDA for maintenance monotherapy
treatment of bipolar I disorder. 2017. Valby, Denmark and Tokyo,
Japan. Available online at: http://investor.lundbeck.com/releasede-
tail.cfm?releaseid ¼1034936. Accessed August 2, 2017

17. Lehman A, Lieberman J, Dixon L, et al. Practice guideline for the
treatment of patients with schizophrenia, second edition. Am J
Psychiatry 2004;161:1-56

18. Moore LA, Kaufman MD, Algozzine R, et al. Adherence to therapy:
using an evidence-based protocol. Rehabil Nurs 2007;32:227-32

19. Correll CU, Citrome L, Haddad PM, et al. The use of long-acting
injectable antipsychotics in schizophrenia: evaluating the evidence.
J Clin Psychiatry 2016;77:1-24

20. Joshi K, Pan X, Wang R, et al. Healthcare resource utilization of
second-generation long-acting injectable antipsychotics in schizo-
phrenia: risperidone versus paliperidone palmitate. Curr Med Res
Opin 2016;32:1873-81

21. Marcus SC, Zummo J, Pettit AR, et al. Antipsychotic adherence and
rehospitalization in schizophrenia ptients receiving oral versus
long-acting injectable antipsychotics following hospital discharge.
J Manag Care Spec Pharm 2015;21:754-68

22. Wu EQ, Shi L, Birnbaum H, et al. Annual prevalence of diagnosed
schizophrenia in the USA: a claims data analysis approach. Psychol
Med 2006;36:1535

23. Khaykin E, Eaton W, Ford D, et al. Health insurance coverage
among persons with schizophrenia in the United States. Psychiatr
Serv 2010;61:830-4

24. Charlson ME, Pompei P, Ales KL, et al. A new method of classifying
prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis 1987;40:373-83

25. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity
index for use with ICD-9-CM administrative databases. J Clin
Epidemiol 1992;45:613-19

26. HCUP Chronic Condition Indicator [Internet]. Rockville, MD: Agency
for Healthcare Research and Quality; 2015. Available online at:
www.hcup-us.ahrq.gov/toolssoftware/chronic/chronic.jsp. Accessed
March 2, 2017

27. Emsley R, Chiliza B, Asmal L, et al. The nature of relapse in schizo-
phrenia. BMC Psychiatry 2013;13:50

28. Kaplan A, Ledford D, Ashby M, et al. Omalizumab in patients with
symptomatic chronic idiopathic/spontaneous urticaria despite
standard combination therapy. J Allergy Clin Immunol
2013;132:101-9

29. Kamat S, Offord S, Docherty J, et al. Reduction in inpatient
resource utilization and costs associated with long-acting inject-
able antipsychotics across different age groups of Medicaid-
insured schizophrenia patients. Drugs Context 2015;4:1-12

30. Rossi G, Frediani S, Rossi R, et al. Long-acting antipsychotic drugs
for the treatment of schizophrenia: use in daily practice from nat-
uralistic observations. BMC Psychiatry 2012;12:122

31. Kane JM, Kim E, Kan HJ, et al. Comparative utility of aripiprazole
and haloperidol in schizophrenia: post hoc analysis of two 52-
week, randomized, controlled trials. Appl Health Econ Health
Policy 2009;7:109-19

32. Koola MM, Wehring HJ, Kelly DL. The potential role of long-acting
injectable antipsychotics in people with schizophrenia and comor-
bid substance use. J Dual Diagn 2012;8:50-61

33. Kirschner M, Theodoridou A, Fusar-Poli P, et al. Patients’ and clin-
icians’ attitude towards long-acting depot antipsychotics in sub-
jects with a first episode of psychosis. Ther Adv Psychopharmacol
2013;3:89-99

34. Potkin S, Bera R, Zubek D, et al. Patient and prescriber perspec-
tives on long-acting injectable (LAI) antipsychotics and analysis of
in-office discussion regarding LAI treatment for schizophrenia.
BMC Psychiatry 2013;13:261

35. Sacchetti E, Grunze H, Leucht S, et al. Long-acting injection anti-
psychotic medications in the management of schizophrenia. Evid-
Based Psychiatr Care 2015;1:27-36

36. Pandina G, Lane R, Gopal S, et al. A double-blind study of paliperi-
done palmitate and risperidone long-acting injectable in adults
with schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry
2011;35:218-26

37. Li H, Rui Q, Ning X, et al. A comparative study of paliperidone
palmitate and risperidone long-acting injectable therapy in schizo-
phrenia. Suicide Suicidal Behav 2011;35:1002-8

38. Naber D, Hansen K, Forray C, et al. Qualify: a randomized head-to-
head study of aripiprazole once-monthly and paliperidone palmi-
tate in the treatment of schizophrenia. Schizophr Res
2015;168:498-504

HOSPITALIZATION AND COSTS OF SCHIZOPHRENIA OR BIPOLAR DISORDER 7

D
ow

nl
oa

de
d 

by
 [U

C
LA

 L
ib

ra
ry

] a
t 0

9:
34

 0
3 

N
ov

em
be

r 2
01

7 


	All-cause hospitalization and associated costs in patients with schizophrenia or bipolar disorder initiating long-acting injectable antipsychotics
	Introduction
	Methods
	Data source and study design
	Sample selection
	Study measures
	Baseline measures
	Outcome measures

	Statistical analysis

	Results
	Sample description
	Baseline characteristics
	Risks of all-cause hospitalization
	All-cause hospitalization costs

	Discussion
	Conclusions
	Transparency
	Declaration of funding
	Declaration of financial/other relationships
	Acknowledgments
	Previous presentations
	References


