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Aim: To compare risk of hospitalization in patients with bipolar I disorder (BD-I) initiating long-acting
injectable antipsychotics (LAIs). Materials & methods: Using Truven Health Analytics MarketScan R© (Med-
icaid, Commercial and Medicare Supplemental) databases (2012–2016), patients (≥18 years) with BD-I
with a LAI (aripiprazole once monthly [AOM 400], fluphenazine-LAI, haloperidol-LAI, risperidone-LAI and
paliperidone-4-week-LAI) were identified. Results: The adjusted odds of having hospitalization were sig-
nificantly higher in haloperidol-LAI (Odds ratio [95% CI]: 1.39 [1.03–1.87] all-cause; p = 0.029; 1.41 [1.03–
1.93] psychiatric-specific; p = 0.032) and risperidone-LAI (1.54 [1.12–2.13]; p = 0.009; 1.68 [1.20–2.37]; p =
0.003) users versus AOM 400 users. Risks of hospitalization did not differ comparing fluphenazine-LAI and
paliperidone-LAI users with AOM 400 users. Conclusion: AOM 400 may be more beneficial at reducing
hospitalization rates in BD-I versus haloperidol-LAI and risperidone-LAI.
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Bipolar disorder (BD) is a serious, chronic psychiatric disorder that places substantial economic burden on the US
healthcare system. In 2015, patients with BD incurred US$200 billion in combined direct and indirect healthcare
costs [1]. Hospitalization is one of the major drivers of healthcare costs, contributing to over a quarter of the total
direct costs of treating patients with BD [1,2] More than 75% of the BD population reports at least one psychiatric
hospitalization in their lifetime [3]. Hospitalization has served as a proxy for relapse [4]. Preventing relapse is critical
in successfully managing BD.

Atypical antipsychotics are increasingly used to treat patients with BD, either as monotherapy or as adjunctive
therapy to mood stabilizers [2,5,6]. With administration schedules ranging from biweekly to every 3 months, long-
acting injectable (LAI) formulations of antipsychotics offer several advantages over oral antipsychotics, such as not
having to remember to take drugs daily, reducing the risk of unintentional or deliberate overdose and decreasing
the number of required visits with a healthcare professional [7,8]. Patients with BD treated with LAIs are reported to
have better medication adherence, a longer median time to medication discontinuation, less likely to discontinue
their medication [6,9] and have reduced hospitalizations compared with those treated with oral antipsychotics [10].

There have been some head-to-head studies directly comparing one LAI versus another, but most focused on
older LAIs, such as risperidone-LAI versus haloperidol-LAI [5], or paliperidone versus other older LAIs, and included
patients with schizophrenia from clinical trials [11–13]. In the only observational study, we previously conducted
comparing the effectiveness of aripiprazole once monthly (AOM 400) with other LAIs, it was found that AOM
400, one of the most recently approved LAI for maintenance monotherapy in adult patients with bipolar I disorder
(BD-I), may be more effective than haloperidol- and risperidone-LAIs in reducing all-cause hospitalization [14].
However, in that study, we only included a small number of AOM 400 patients and did not have data on psychiatric
hospitalization [14]. In the current study, we replicated the previous study design [14] and evaluated time to and risk
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Had ≥1 inpatient claim or ≥ 2 outpatient claims for BD-I during study perioda

n = 521,450

Received ≥1 LAI during the ID periodb

n = 229,595 (44.0%)

Initiated a LAI:
n = 6700 (1.3%)

LAI users who did not have monotherapy, had use of clozapine, and did not have ≥1 BD-I diagnosis
prior to the index date

n = 4955 (1.0%)

≥18 years on index date & continuously enrolled in 1-year prior to and 1-year after index date
n = 2446 (0.5%)

LAI cohort
n = 2392 (0.5%)

AOM 400: 413 (17.3%)
Other LAIs: fluphenazine: 154 (6.4%); haloperidol: 476 (19.9%); paliperidone, 4-week: 1026 (42.9%);

risperidone: 323 (13.5%)

Figure 1. Patient identification.
†Study period is defined as 1 January 2012–30 June 2016
‡Identification period is defined as 1 January 2013–30 June 2015.

of both all-cause and psychiatric hospitalization in a larger sample of patients with BD-I who were treated with
different LAIs in the real-world setting.

Methods
Data source & study design
To identify patients with BD-I, administrative claims data from Truven Health Analytics MarketScan R© Medicaid,
Commercial and Medicare Supplemental databases were used. The MarketScan Medicaid claims database includes
demographic and clinical information, inpatient and outpatient utilization data, and outpatient prescription data
for 40 million Medicaid enrollees from multiple geographically dispersed states. 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 MarketScan Medicare Supplemental
database contains records on around 5.3 million retired employees and spouses older than 65 years who are enrolled
in Medicare with supplemental Medigap insurance paid by their former employers.

The data used for the analyses covered from 1 January 2012 to 30 June 2016. All data were compliant with
the Health Insurance Portability and Accountability Act (HIPAA) of 1996. As this study utilized deidentified
administrative claims, neither informed content nor institutional review board approval were required.

Sample selection
Among patients having at least one inpatient or at least two outpatient claims for BD-I (International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM]: 296.0x, 296.1x, 296.4x, 296.5x, 296.6x, 296.7x,
296.8x, except 296.82; ICD-10-CM code: F30.x, F31.x, except F31.81) at any time during the study period,
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Figure 2. A. Time to first all-cause hospitalization over the maximum of 3.5 years of follow-up. B. Time to first
psychiatric hospitalization over the maximum of 3.5 years of follow-up. Based on Kaplan–Meier analysis; individual
follow-up was a minimum of 1 year and a maximum of 3.5 years.
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Table 1. Patient baseline characteristics.
Baseline characteristics AOM 400

n = 413; 17.3%
Fluphenazine
n = 154; 6.4%

Haloperidol
n = 476; 19.9%

Paliperidone
n = 1026; 42.9%

Risperidone
n = 323; 13.5%

All n = 2392 p-value

Age in years, mean (SD) 34.0 (12.9) 44.4 (15.9) 39.3 (14.6) 37.0 (13.8) 39.7 (16.1) 37.8 (14.5) �0.001

Female, n (%) 217 (52.5) 82 (53.2) 239 (50.2) 479 (46.7) 169 (52.3) 1186 (49.6) �0.149

Insurance type, n (%): �0.001

–Medicaid 301 (72.9) 102 (66.2) 382 (80.3) 830 (80.9) 217 (67.2) 1832 (76.6)

–Commercial 107 (25.9) 37 (24.0) 71 (14.9) 171 (16.7) 87 (26.9) 473 (19.8)

–Medicare supplemental 5 (1.2) 15 (9.7) 23 (4.8) 25 (2.4) 19 (5.9) 87 (3.6)

Charlson comorbidity index, mean
(SD)

1.1 (1.7) 1.7 (2.1) 1.4 (1.9) 1.1 (1.7) 1.3 (2.0) 1.2 (1.8) �0.001

Number of chronic conditions 4.0 (2.3) 4.3 (2.2) 4.3 (2.2) 4.1 (2.3) 4.0 (2.4) 4.1 (2.3) 0.237

Any hospitalization, n (%) 218 (52.8) 99 (64.3) 341 (71.6) 676 (65.9) 197 (61.0) 1531 (64.0) �0.001

Use of any atypical and typical
antipsychotics, n (%)

369 (89.3) 133 (86.4) 432 (90.8) 895 (87.2) 290 (89.8) 2119 (88.6) 0.238

Psychiatric medications, n (%) 360 (87.2) 127 (82.5) 389 (81.7) 850 (82.8) 265 (82.0) 1991 (83.2) 0.210

Somatic medications, n (%) 200 (48.4) 93 (60.4) 240 (50.4) 475 (46.3) 160 (49.5) 1168 (48.8) 0.022

Psychiatric comorbidities†, n (%) 332 (80.4) 121 (78.6) 424 (89.1) 886 (86.4) 269 (83.3) 2032 (84.9) �0.001

Somatic comorbidities‡, n (%) 235 (56.9) 106 (68.8) 311 (65.3) 583 (56.8) 186 (57.6) 1421 (59.4) 0.002

†Major depressive disorder, anxiety, personality disorder, substance abuse disorders, schizophrenia.
‡Obesity, Type 2 diabetes mellitus.
AOM 400: Aripiprazole once monthly.

five mutually exclusive LAI cohorts were established. These cohorts comprised patients with BD-I who initiated
one of the following LAIs during the identification (ID) period (1 January 2013–30 June 2015): AOM 400,
fluphenazine-LAI, haloperidol-LAI, paliperidone-LAI and risperidone-LAI. Among these, risperidone-LAI was the
only LAI that carried an FDA-approved indication for the maintenance-treatment of BD-I in the USA during the
study period. In addition, three currently marketed LAIs (olanzapine-LAI, aripiprazole lauroxil [Aristada R©] and
paliperidone palmitate 12 weeks [Invega Trinza R©]) were not included in the study, due to having a small patient
sample size. The index date was defined as the earliest occurrence (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. Use of
nonindex LAI was allowed in the 1-year prior to the index date (baseline period), but patients were excluded if they
had claims for index LAI therapies during the baseline period. To ensure patients had pre-existing mental illness,
the first diagnosis of BD-I had to be before or on the index date. Patients were allowed to have other concomitant
mental health diagnoses (e.g., schizophrenia, anxiety disorder or depression).

Patients were also required to be ≥18 years of age on the index date and have continuous health plan enrollment
for the 12-month baseline period and at least 12 months after index date. Patients were followed for at least 1 year
and until the end of enrollment or study end, whichever occurred first. Each patient was followed for a different
period of time, with a minimum study period of 2 year (1 year before and 1 year after the index date) and a
maximum of 4.5 years (1 year before and 3.5 years after the index date).

Patients were further excluded if they had a prescription claim for clozapine during the study period as clozapine
is indicated for the treatment of severely ill patients with BD. In the Medicaid database, Medicare and Medicaid
dual-eligible patients were also excluded, as these were patients who did not have pharmacy coverage, mental health
coverage information or had capitated plans, as data for these patients may have been incomplete.

Study measures
Baseline measures

Baseline variables potentially related to illness severity were examined using data in the 1-year preindex period.
These included: age, gender, insurance type (Commercial, Medicare Supplemental and Medicaid), Charlson
comorbidity index [15,16], number of chronic conditions (Healthcare Cost and Utilization Project [HCUP]),
somatic comorbidities (obesity, Type 2 diabetes mellitus), somatic medication use (antidiabetic, lipid-lowering and
antihypertensive medications), psychiatric medication use (nonindex antipsychotics, antidepressants, antianxiety
medications, sedatives or hypnotics and mood stabilizers) and any baseline hospitalization. The presence of claims
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Figure 3. Risk of hospitalization during the 1-year follow-up. Based on logistic regression analyses; all analyses
adjusted by age group, gender, insurance type and the following baseline measures: Charlson comorbidity (modified),
number of HCUP chronic conditions, psychiatric comorbidities (including schizophrenia, major depressive disorder,
anxiety, personality disorder and substance abuse disorder), obesity, Type 2 diabetes mellitus, hospitalization,
psychiatric medication use, somatic medication use, and nonindex antipsychotic.

for other psychiatric conditions was also evaluated (≥1 claim for schizophrenia, major depressive disorder, anxiety,
personality disorder and substance abuse disorder).

Outcome measures

The outcome measures included in this study were rates of and time to first all-cause and psychiatric (with a primary
diagnosis of any mental disorder [ICD-9-CM: 290.xx-311.xx; ICD-10-CM code: F01.xx-F99.xx]) hospitalization.
Hospitalization rates were reported during the 1-year post-index period. The time to hospitalization was reported
during the entire follow-up period.

Statistical analysis
Descriptive, unadjusted analyses were first performed to assess differences among the selected LAI cohorts across
baseline covariates. Specifically, χ2 tests were used for categorical variables and a t-test or Wilcoxon rank-sum test was
used for continuous variables, depending on the variable distributions. A logistic regression model was then used to
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Figure 4. Adjusted rate of hospitalization during the 1-year follow-up. Adjusted by age group, gender, insurance
type and the following baseline measures: Charlson comorbidity (modified), number of HCUP chronic conditions,
psychiatric comorbidities (including schizophrenia, major depressive disorder, anxiety, personality disorder and
substance abuse disorder), obesity, Type 2 diabetes mellitus, hospitalization, psychiatric medication use, somatic
medication use and nonindex antipsychotic.

estimate adjusted hospitalization rates (all-cause and psychiatric) across different LAIs during the 1-year post-index
period, controlling for baseline covariates, including age groups, gender, insurance type, Charlson comorbidity index
(modified), number of chronic conditions (HCUP), baseline psychiatric comorbidities (including schizophrenia,
major depressive disorder, anxiety, personality disorder, substance abuse disorder), baseline obesity, baseline Type
2 diabetes mellitus, baseline hospitalization, and baseline psychiatric and somatic medication use. Kaplan–Meier
curves and a Cox regression model were conducted to estimate time to and risks of hospitalization during the entire
follow-up, adjusting for the baseline covariates mentioned above. All data transformations and statistical analysis
were performed using SAS C© version 9.4.

Results
Sample description
Of the 521,450 patients with BD-I identified from the MarketScan databases, 229,595 received at least one LAI
in the ID period. Of these, 6700 started a new LAI in the ID period. After excluding those who did not have
mono therapy, had use of clozapine and did not have at least one BD-I diagnosis prior to the index date, 4955
patients remained. A total of 2509 patients were further excluded for not meeting age and continuous health plan
enrollment criteria; 54 for use of treatment with small sample size. A schematic diagram of patient disposition is
shown in Figure 1. The final sample size consisted of 2392 patients with BD-I (Figure 1): 413 (17.3%) initiated
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Figure 5. Risk of hospitalization over the maximum of 3.5 years of follow-up. Based on Cox regression analyses; all
analyses adjusted by age group, gender, insurance type and the following baseline measures: Charlson comorbidity
(modified), number of HCUP chronic conditions, psychiatric comorbidities (including schizophrenia, major depressive
disorder, anxiety, personality disorder and substance abuse disorder), obesity, Type 2 diabetes mellitus,
hospitalization, psychiatric medication use, somatic medication use and nonindex antipsychotic. Individual follow-up
was a minimum of 1 year and a maximum of 3.5 years.

AOM 400, 154 (6.4%) fluphenazine-LAI, 476 (19.9%) haloperidol-LAI, 1026 (42.9%) paliperidone-LAI and 323
(13.5%) risperidone-LAI.

Baseline characteristics
Table 1 shows patient characteristics at baseline. The mean (SD) age of the overall sample was 37.8 (14.5) years,
49.6% of patients were female and 76.6% were insured through Medicaid (Table 1).

Baseline characteristics (age, insurance, comorbid illness and hospitalization rates) differed across LAIs. Compared
with other LAI users with BD-I, AOM 400 users were statistically significantly younger and had lower hospitalization
rates at baseline (p < 0.001 for all comparisons).

future science group 10.2217/cer-2018-0068



Research Article Yan, Greene, Chang, Touya & Broder

Unadjusted hospitalization rates & time to hospitalization
During the 1-year post-index follow-up period, the unadjusted all-cause and psychiatric hospitalization rates were
highest among the other LAI users when compared with AOM 400 users: fluphenazine-LAI: 42.9% (all-cause),
35.1% (psychiatric); haloperidol-LAI: 47.5%, 38.4%; paliperidone-LAI: 38.6%, 32.1%; risperidone-LAI: 44.6%,
36.8%; AOM 400: 34.6%, 25.9% (p < 0.001 for all comparisons).

Considering the entire follow-up period, days to first all-cause and psychiatric hospitalization was significantly
shorter for other LAI users than for AOM 400 (p < 0.05). It took 112 (all-cause) and 154 (psychiatric) days for
25% of fluphenazine-LAI, 89 and 133 days for haloperidol-LAI, 149 and 212 days for paliperidone-LAI, and 127
and 189 days for risperidone-LAI users to be hospitalized compared with 227 and 346 days for 25% of AOM 400
users (Figure 2A & 2B).

Adjusted hospitalization rates & risk of hospitalization
Adjusting for differences in baseline characteristics, the odds of both all-cause and psychiatric hospitalization
during the 1-year post-index period were significantly higher in the haloperidol-LAI (Odds ratio [95% CI]: 1.39
[1.03–1.87] all-cause; p = 0.029; 1.41 [1.03–1.93] psychiatric-specific; p = 0.032) and risperidone-LAI (1.54 [1.12–
2.13]); p = 0.009; 1.68 [1.20–2.37]; p = 0.003) cohorts compared with AOM 400 users (Figure 3). No statistically
significant differences were observed in risk of hospitalizations comparing fluphenazine-LAI and paliperidone-LAI
users with AOM 400 users (p > 0.05). Across LAIs, the lowest adjusted all-cause hospitalization rates were found in
paliperidone-LAI (35.9%) and AOM 400 users (36.0%; p = 0.004). The lowest adjusted psychiatric hospitalization
rate was in the AOM 400 cohort (25.7%; p = 0.013) followed by paliperidone-LAI (28.1%), haloperidol-LAI
(32.8%), fluphenazine-LAI (33.1%) and risperidone-LAI (36.8%) (Figure 4).

The risks of both all-cause and psychiatric hospitalization (over the entire follow-up period) were significantly
higher in haloperidol-LAI (Hazard ratio [95% CI]: 1.40 [1.15–1.70] all-cause; p < 0.001; 1.54 [1.23–1.93]
psychiatric; p < 0.001) and risperidone-LAI (1.37 [1.11–1.70] all-cause; p = 0.003; 1.68 [1.32–2.14] psychiatric;
p < 0.001) (Figure 5).

Discussion
This was a large retrospective study that examined risk of all-cause and psychiatric hospitalization among patients
with BD-I who initiated different LAI treatments. We found AOM 400 was associated with lower rates of
hospitalization than haloperidol- and risperidone-LAIs. Rates were approximately 37–68% lower for both all-cause
and psychiatric hospitalizations, and the findings were consistent between 1 year after treatment initiation and over
a mean of approximately 2 years of follow-up. The study included a wide variety of patient types and included
commercially insured Medicare and Medicaid patients.

Hospitalization is one of the most expensive health outcomes in BD, and in research serves as a proxy for
relapse [4]. If these findings are confirmed in prospective studies, it suggests patients treated with AOM 400 are
dramatically less prone to relapse than initiators of haloperidol- and risperidone-LAIs. The observed reduction in
hospitalization is of the same magnitude as is observed in studies comparing active treatment with mood stabilizer
to placebo [17,18].

Given the potential benefit, it appears LAIs are underused [19,20]. LAIs are currently not considered the first-line
treatment option for patients with BD-I [21]. LAIs are infrequently used for a first episode of psychosis [8], perhaps
because physicians overestimate oral medication adherence or inaccurately assume patients prefer not to use LAIs.
Other barriers to the usage of LAIs also exist, such as prior authorization policies [21], lack of treatment guidelines
that include LAIs [10], and patients’ attitudes and healthcare providers’ (often mistaken) belief that patients fear
injections [22]. Clinicians tend not to share the decision-making with their patients in discussions about the choice
of treatment [22].

Most prior literature considered LAIs compared with orals in general and found the risk of all-cause and
psychiatric rehospitalizations is approximately 30% lower in patients treated with LAIs compared with treatment
with their oral counterparts [10]. However, data comparing the impact of selecting one LAI instead of another in BD
is sparse. In one retrospective study, Patel and colleagues found paliperidone palmitate was not more effective than
other cheaper LAI antipsychotics [23]. A study comparing paliperidone palmitate with AOM 400 found patients
treated with AOM 400 had better health-related quality of life and were less likely to discontinue treatment than
those treated with paliperidone palmitate [13]. The impact of AOM 400 versus other LAIs on time to and rates of
hospitalization were not addressed in these studies.

10.2217/cer-2018-0068 J. Comp. Eff. Res. (Epub ahead of print) future science group
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This study has limitations. First, BD diagnosis was identified from health insurance claims, which are designed for
reimbursement purposes and can contain errors. Additionally, this analysis only captured claims that were contained
in the study databases. Information such as how long a patient has had BD-I, severity of BD and activities during
hospitalization (e.g. transferring from a psychiatric ward to a nonpsychiatric ward) were not captured in our study.
However, the large sample size and the inclusion of reliable measures of cost and utilization make health insurance
claims data a valuable source of information. Second, the MarketScan Commercial database did not present
information on race, which restricted us from including this potentially significant confounder in multivariate
analysis. Third, compared with other LAI users with BD-I, AOM 400 users were statistically significantly younger
and had lower hospitalization rates at baseline. Even though we adjusted for baseline differences, it is still possible
that AOM 400 users were in early phases of their illness and thus better responders to treatments. This may be
responsible for some advantages observed in the AOM 400. Fourth, the goal of the study was to examine time
and rates of all-cause and psychiatric hospitalization associated with initiation of various LAIs, with an intent to
treat basis. This study design, however, did not adjust for dosing or tolerability of, length of or adherence to, the
treatment initiated. Additional research would need to be conducted to better understand the impact of these
factors on outcome differences observed across the different LAI cohorts.

Conclusion
In this large real-world study, AOM 400 was associated with a greater reduction in both all-cause and psychiatric
hospitalizations for patients with BD-I than haloperidol-LAI and risperidone-LAI. Continued development of LAIs
and education on their use for both patients and clinicians, as well as integration into treatment guidelines, may
help to reduce hospitalizations of patients with BD.

Summary points

• Bipolar disorder (BD) places a substantial burden on the US healthcare system with US$200 billion in direct and
indirect healthcare costs associated with BD reported in 2015.

• Hospitalization, a proxy for relapse, is one of the major drivers of BD healthcare costs.

• Long-acting injectable antipsychotics (LAIs) have been associated with better medication adherence and reduced
hospitalizations in patients with BD as compared with oral antipsychotic therapy.

• Most studies that directly compare LAIs focus on older LAIs or included patients with schizophrenia.

• This study expands on an earlier study conducted by the authors, which found that aripiprazole once monthly
(AOM 400) may be more effective than haloperidol- and risperidone-LAI at reducing all-cause hospitalization in
patients with bipolar I disorder (BD-I), by using a large sample size and evaluating time to and risk of both
all-cause and psychiatric hospitalization.

• Using 2012–2016 data from the Truven Health Analytics MarketScan R© (Medicaid, Commercial and Medicare
Supplemental) databases, 2392 patients with BD-I initiating an LAI of interest were included in the final sample:
413 (17.3%) initiated AOM 400, 154 (6.4%) fluphenazine-LAI, 476 (19.9%) haloperidol-LAI, 1,026 (42.9%)
paliperidone-LAI and 323 (13.5%) risperidone-LAI.

• In multivariate analyses adjusting for baseline differences, AOM 400 was associated with a greater reduction in
both all-cause and psychiatric hospitalizations for patients with BD-I than haloperidol-LAI and risperidone-LAI.

• The lowest adjusted psychiatric hospitalization rate was in the AOM 400 cohort.

• Continued development and integration of LAIs as an effective treatment option may help to reduce
hospitalizations of patients with BD-I.
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