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ABSTRACT

Introduction: Long-acting injectable (LAI)
antipsychotic use may reduce healthcare
resource utilization compared with oral
antipsychotic use by improving adherence and
reducing dosing frequency. Our goal was to
examine treatment patterns, healthcare utiliza-
tion, and costs among recently diagnosed
schizophrenia patients receiving oral versus LAI
antipsychotics.
Methods: The MarketScan Multi-state Medicaid
database was used to identify schizophrenia
patients aged C 18 years who received an LAI or
oral antipsychotic between January 1, 2011 and
December 31, 2014. Primary outcomes included
treatment patterns such as adherence (mea-
sured as proportion of days covered-PDC), per-
sistence, discontinuation, switching, and
healthcare resource utilization and costs.

Propensity score matching (PSM) was used to
control for differences in baseline characteristics
between the cohorts. Outcomes were assessed
over a 12-month post-index period and com-
pared between treatment cohorts.
Results: After PSM, 2302 patients were inclu-
ded in each of the LAI and oral antipsychotics
cohorts. There were no differences in PDC or
therapy switching between the two cohorts.
Compared with the oral cohort, patients
receiving LAIs had lower discontinuation rates
(46.1 vs. 61.6%, p\0.001), fewer inpatient
admissions (0.5 vs. 0.9, p\0.001), hospital days
(3.9 vs. 6.5, p\ 0.001), and ER visits (2.4 vs. 2.9,
p = 0.007), and a higher number of prescription
fills (29.5 vs. 25.3, p\ 0.001). Patients pre-
scribed LAIs had lower monthly inpatient
($US4007 vs. 8769, p\0.001) and ER visits
costs ($682 vs. 891, p\ 0.001) but higher
monthly medication costs ($10,713 vs. $655,
p\0.001) compared with the oral cohort over
the 12-month post-index period. Overall, both
cohorts had similar total medical costs (LAI vs.
oral: $24,988 vs. 23,887, p = 0.354) during the
follow-up period.
Conclusion: Patients receiving LAIs were more
likely to remain on medication compared with
the oral group, which may account for reduced
inpatient admissions. Hospitalization cost
reductions offset the higher costs of LAI medi-
cations, resulting in no increase in total health-
care costs relative to oral antipsychotic use.
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INTRODUCTION

Schizophrenia, a chronic and debilitating
mental health disorder, affects approximately
1% of the adult US population [1, 2]. The
socioeconomic burden of schizophrenia is sub-
stantial, resulting from impairment in patient
physical functioning and quality of life, impact
on caregivers and family members, and
increased healthcare resource utilization and
costs [3–5]. The annual economic burden of
schizophrenia in the US was estimated at
US$155.7 billion in 2013; a diagnosis of
schizophrenia was associated with an additional
annual cost burden of $44,773 compared with
patients without schizophrenia diagnosis [5].
While direct medical costs accounted for 25%,
indirect costs accounted for 75% of the incre-
mental costs associated with schizophrenia [5].

Antipsychotics have been the mainstay of
acute and maintenance phases of schizophrenia
treatment, and have been proven to reduce the
number of recurrent psychotic episodes among
schizophrenia patients [6, 7]. However,
approximately 40–60% of schizophrenia
patients are partially or totally non-adherent to
oral antipsychotics, affecting successful man-
agement of the disease [8]. Physicians often try
to manage non-adherence to a specific
antipsychotic by adding adjunctive medica-
tions, increasing dosage of existing medica-
tions, or switching to a different antipsychotic
[9]. Such measures can serve to further com-
pound medication burden without addressing
the problem of non-adherence. Non-adherence
to antipsychotic medications is significantly
associated with higher rehospitalization and
relapse rates along with increased rates of
incarceration and violent activities among
schizophrenia patients [10–13]. In addition,
non-adherence has also been associated with
increased healthcare costs [14, 15]. A systematic
review reported the national rehospitalization
costs associated with antipsychotic non-

adherence to be approximately $1.5 billion
among Medicaid patients in 2005 [16].

Long-acting injectable (LAI) formulations of
antipsychotic agents were developed as alterna-
tives to the oral antipsychotics. Many patients
with schizophrenia have difficulty with ongoing
adherence to oral regimens, and may benefit by
having therapeutic plasma concentrations of
antipsychotics delivered as part of a scheduled
visit, with injection intervals ranging from every
2 weeks to every 3 months [17, 18]. Several real-
world studies have documented better adher-
ence and reduced hospitalization with LAI
treatment [19–23]. Despite the evidence recom-
mending their use, LAIs remain underutilized in
clinical practice [24, 25]. A potential reason is
their high acquisition cost, especially for atypi-
cal LAIs, which has been cited as one of the most
common reasons for restricting LAI prescrip-
tions [26]. However, few studies have assessed
whether the high prescription costs of LAIs are
offset by the reduction in hospitalization and ER
visits costs associated with LAI use. Furthermore,
past studies have focused on comparing oral
antipsychotics to conventional and atypical LAIs
such as risperidone and paliperidone palmitate.
Very few studies have incorporated atypical LAI
agents, such as once-monthly aripiprazole. A
comprehensive understanding of treatment
patterns and healthcare costs associatedwith the
use of various treatment modalities for patients
with schizophrenia in real-world settings may
help managed care organizations, behavioral
health organizations, and state payers better
address the disease burden associated with
schizophrenia. The objective of the study was to
provide real-world evidence regarding treatment
patterns and healthcare utilization and costs
among recently diagnosed schizophrenia
patients receiving oral versus LAI antipsychotics
(including newer atypical agents).

METHODS

Data Source

This real-world observational study was con-
ducted using Truven MarketScan� Medicaid
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administrative claims data from January 1, 2010
through December 31, 2015. The database
contains the pooled healthcare experiences
of[ 44 million Medicaid enrollees from multi-
ple states in the US, including inpatient visits,
outpatient services, prescription drug claims,
long-term care, and other medical care [27].
Institutional Review Board approval was not
required for this study because analyses were
conducted using de-identified administrative
claims data. This article is based on retrospec-
tive administrative claims data and does not
contain any studies with human participants or
animals performed by any of the authors.

Patient Selection

Patients with a medical claim for a schizophre-
nia diagnosis [International Classification of
Disease, 9th Revision, Clinical Modification
(ICD-9-CM) code 295.xx] were identified
between January 1, 2011 and December 31,
2014. The date of the first observed
schizophrenia diagnosis during this period was
identified as the initial diagnosis date. Patients
were included if they had C 2 claims for LAI or
oral antipsychotics on or after the initial diag-
nosis date through December 31, 2014. If
patients had C 2 LAI claims after the initial
diagnosis date, they were classified in the LAI
cohort; patients with only oral antipsychotic
medications claims and no LAI claim after the
initial diagnosis date were classified in the oral
antipsychotic cohort. Our selection criteria were
based on the fact that many patients on LAIs
also get orals and the usual approach is hierar-
chical [28]. The date of the first antipsychotic
medication claim was defined as the index date.

Patients were required to be at least 18 years
old as of the index date, with continuous
medical and pharmacy benefits as well as men-
tal health/substance abuse coverage for at least
12 months prior to the index date (baseline
period) and 12 months after the index date
(follow-up period). Patients were excluded from
the study if they had at least one schizophrenia
diagnosis claim at any time prior to, or at least
one LAI prescription claim during, the
12-month baseline period. This selection

criterion was imposed to ensure that the first
occurrence of a schizophrenia diagnosis was the
initial diagnosis date. Patients with dual cover-
age eligibility with Medicare, or at least one
prescription claim for clozapine during the
study period, were also excluded.

The LAI cohort included both conventional
and atypical LAI antipsychotics. Conventional
LAI antipsychotics included fluphenazine
decanoate and haloperidol decanoate. Atypical
LAI antipsychotics included risperidone, once-
monthly paliperidone palmitate, olanzapine
pamoate and aripiprazole; however, 3-month
paliperidone palmitate and all dose forms of
aripiprazole lauroxil were not included in the
study because they were not approved by the US
Food and Drug Administration prior to
December 31, 2014, the cut-off date for the
analyses. Similarly, the oral antipsychotics
cohort included both conventional and atypical
antipsychotics. LAIs were identified using
National Drug Codes (NDCs) in the pharmacy
claims database and by Healthcare Common
Procedure Coding System codes in the medical
claims database. Oral antipsychotics were iden-
tified using NDCs only.

Study Variables

Baseline patient demographics included age,
gender, race, and health insurance plan type
and were assessed for all patients. Comorbidity
indices,including Charlson Comorbidity Index
(CCI) score [29, 30], Elixhauser index score [31],
and chronic disease score (CDS) [32], were
evaluated. Catatonic and paranoid-type
schizoaffective disorder and other schizophre-
nia subtypes during the baseline period were
examined. Baseline mental health-related
comorbidities of interest including bipolar dis-
order, depression disorder, attention deficit
hyperactivity disorder (ADHD), panic disorder,
post-traumatic stress disorder (PTSD), personal-
ity disorder, anxiety, suicide attempt and
intentional injuries, and substance/alcohol
abuse were also assessed. Other comorbid con-
ditions included cardiovascular disease, dia-
betes, and obesity. All comorbid conditions
were identified using ICD-9-CM codes.
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Treatment patterns during the 12-month
follow-up period were assessed and compared
between the LAI and oral antipsychotic cohorts.
Treatment patterns were measured in terms of
the proportion of days covered (PDC), discon-
tinuation, switching and persistence (in days).
Inpatient days were excluded while estimating
treatment patterns, as medication received
during an inpatient stay is not visible in
administrative claims data.

PDC was defined as the ratio of the number
of days ‘‘covered’’ by the index drug prescription
claim divided by the total number of days dur-
ing the follow-up period. Patients with PDC
C 0.8 were considered adherent.

Discontinuation was defined as having no
additional prescription claims of the index drug
for a defined gap period. Given that the days
supply field is often not recorded or of uncertain
accuracy for LAI antipsychotics in the medical
or pharmacy claims, we used the dosing rec-
ommendation guidelines indicated in the pro-
duct prescribing information and the following
approach to obtain LAI discontinuation gap
[33, 34]: for risperidone LAI, a gap of[ 29 days
(14 days for the previous injection ? 15 days
allowable gap period) between subsequent
injections [35]; for aripiprazole LAI, olanzapine
pamoate LAI, and conventional LAIs, a gap
of[ 45 days (30 days for the previous injec-
tion ? 15 days allowable gap period) between
subsequent injections [36–39]; and for once-
monthly paliperidone palmitate LAI, a gap
of[ 12 days (7 days for the first injec-
tion ? 5 days allowable gap period) between
the first and second injections and a gap
of[ 45 days (30 days for the previous injec-
tion ? 15 days allowable gap period) during the
maintenance phase (injection 3 onwards) [40].
The duration of oral antipsychotics was defined
based on the days of supply indicated on the
prescription claim. To maintain consistency
and minimize bias, a 15-day allowable gap per-
iod was used when calculating the discontinu-
ation gap among patients receiving an oral
antipsychotic. Sensitivity analyses with fixed
lengths of allowable gap were also conducted,
where patients were considered discontinued if
there was no index drug prescription claim for
at least 30, 45, or 60 days after the run-out date

of the most recent index drug prescription
claim.

Patients were identified as switchers if they
had a claim of a non-index antipsychotic
treatment during the allowable gap period
before discontinuation. Sensitivity analyses
were conducted among switchers using 30, 45,
or 60 days allowable gap period. Discontinua-
tion and switching measures were mutually
exclusive. Persistence was defined as the num-
ber of days until discontinuation.

Annual all-cause and schizophrenia-related
healthcare utilization were assessed during the
baseline and follow-up period, including inpa-
tient admissions, length of inpatient stay, emer-
gency room (ER) visits, prescription fills, and
outpatient visits [physician’s office visits and
other outpatient visits (e.g., hospital outpatient
departments, rural health clinics, renal dialysis
facilities, outpatient rehabilitation facilities,
comprehensive outpatient rehabilitation facili-
ties, and community mental health centers)].
Time to all-cause and schizophrenia-related
inpatient admission and ER visits were also asses-
sed. A medical claim was considered schizophre-
nia-related if it was associated with a diagnosis of
schizophrenia in theprimaryposition.Annualall-
cause and schizophrenia-related healthcare costs
during the follow-up period were also examined.
All healthcare costs were adjusted to 2015 US
dollars using the medical care component of the
Consumer Price Index [41].

Statistical Methods

All study variables, including baseline and out-
come measures, were analyzed descriptively and
compared between the LAI and oral antipsy-
chotics cohorts. Propensity score matching
(PSM) was performed to control for observed
differences between the LAI and oral antipsy-
chotic cohorts. An unconditional logistic
regression was fitted to determine the baseline
characteristics associated with being treated
with LAIs or oral antipsychotics. Using this
model, a propensity score was developed for
each patient which characterized the probabil-
ity of being a member of the LAI cohort.
Covariates in the propensity model included
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baseline demographic and clinical characteris-
tics, such as age, sex, race, baseline schizophre-
nia subtype, health plan type, CCI score, CDS,
Elixhauser index score, baseline comorbidities,
and baseline schizophrenia-related and non-
schizophrenia-related healthcare utilization and
costs. Each patient in the LAI cohort was mat-
ched to a patient in the oral antipsychotics
cohort with the closest propensity score (8-to-3
decimal digit—see supplementary file with the
distribution of the propensity scores before and
after PSM).

Mean and standard deviations were reported
for continuous variables. Numbers and per-
centages were computed for categorical vari-
ables. Student’s t tests and Pearson’s Chi squared
tests were used to test statistical significance for
continuous and categorical variables, respec-
tively, between the cohorts. Wilcoxon rank-sum
tests were used to compare the follow-up
healthcare utilization and costs. Standardized
differences (SDs), defined as the absolute differ-
ence in sample means divided by an estimate of
the pooled SD of each variable, were provided in
addition to p values. The SDs help measure the
effect size and are independent of sample size.
To allow for easy interpretation, SDs were
reported as 100 times the absolute value of the
actual SDs. Any SD greater than 10 was consid-
ered significant [42, 43]. Kaplan–Meier curves
were generated, and log-rank tests were used to
compare the time-to-events outcomes, includ-
ing time-to-discontinuation, switch, and all-
cause and schizophrenia-related hospitaliza-
tions and ER visits. A Cox proportional hazards
model was applied to estimate the hazard ratio
(HR) and 95% confidence interval (CI) of all
time-to-events outcomes.

Statistical analyses were performed using
Statistical Analysis System (SAS) v.9.3 (Cary,
NC, USA). The p value level of significance was
set at an a-level of 0.05.

RESULTS

Baseline Characteristics

A total of 249,499 patients diagnosed with
schizophrenia were identified from the Truven

Medicaid database. The final analytic sample
comprised a total of 22,490 eligible patients,
including 2896 (12.9%) in the LAI antipsy-
chotics cohort and 19,594 (87.1%) in the oral
antipsychotics cohort (Fig. 1).

Prior to PSM, patients in the LAI cohort were
younger (36.8 vs. 41.2 years, p\0.001) and had
a higher proportion of male patients (55.8 vs.
43.4%, p\0.001) relative to the oral cohort.
Additionally, the cohorts differed based on race
(black patients: LAI vs. oral, 55.2 vs. 42.4%,
p\0.001) and type of health plan enrollment
(comprehensive coverage: LAI vs. oral, 71.8 vs.
68.3%, p\0.001). During the baseline period,
LAI patients had fewer comorbidities demon-
strated by lower mean CCI (1.7 vs. 2.5,
p\0.001) and CDS (4.4 vs. 5.1, p\ 0.001)
scores; and had higher rates of schizoaffective
disorder (69.7 vs. 53.1%, p\0.001) compared
to those receiving oral antipsychotics. The most
prevalent mental health-related comorbidities
for both cohorts included major depressive
disorder, substance and alcohol abuse, bipolar
disorder, and anxiety. The LAI cohort had
higher substance and alcohol abuse rates; how-
ever, the LAI cohort had lower rates of the
aforementioned mental comorbidities than
patients in the oral cohort. Other comorbid
conditions including cardiovascular disease,
diabetes, and obesity rates were lower among
those receiving LAIs compared with those
receiving oral antipsychotics. Total healthcare
resource utilization and costs were slightly
lower among LAI patients than those receiving
oral antipsychotics (Table 1).

After conducting 1:1 PSM, most baseline
characteristics were well balanced between the
study cohorts, with 2302 patients in each
cohort (Table 1).

Differences between the two matched
cohorts in the follow-up period are presented
below.

Treatment Patterns

PDC was similar for patients receiving LAIs and
oral antipsychotics (0.59 vs. 0.57, p = 0.067) in
the 12-month follow-up period. Similarly,
36.5% of those receiving LAIs and 34.1% of
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those on oral antipsychotics were adherent
using PDC C 0.8 criteria (p = 0.096). However, a
significantly higher proportion of patients
receiving oral antipsychotics discontinued
treatment relative to the patients receiving LAIs
(61.6 vs. 46.1%, p\0.001; Table 2) in the
12-month follow-up period. Sensitivity analyses
using 30, 45, and 60 days of allowable treatment
gaps for discontinuation showed similar trends
(Table 2). The proportion of schizophrenia
patients who switched index therapy was also
similar for the cohorts (9.0 vs. 9.0%, p = 1.000).
However, sensitivity analyses using 45 and
60 days of allowable treatment gap indicated
that LAI patients were significantly less likely to

switch their index medication compared to
those on oral antipsychotics (45-day gap: 5.3 vs.
6.9%, p = 0.023 and 60-day gap: 4.4 vs. 6.3%,
p = 0.004). Persistence (mean number of days)
for the LAI cohort was similar to the oral
antipsychotic cohort (140.6 vs. 135.6 days,
p = 0.177; Table 2). Kaplan–Meier curves (log-
rank p\0.001; HR = 1.55; 95% CI = 1.43–1.68;
Fig. 2) indicated that patients on oral antipsy-
chotics had significantly shorter time to dis-
continuation compared to LAI patients. No
significant difference was observed in time to
switch (log-rank p = 0.836; HR = 0.98; 95% CI =
0.81–1.19; Fig. 2).

Fig. 1 Study sample. ICD-9-CM International Classification of Diseases, 9th Revision, Clinical Modification, LAI long-
acting injectables
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Healthcare Utilization

Healthcare utilization is summarized in Table 3.
Fewer LAI patients had all-cause inpatient
admissions (25.6 vs. 36.9%, p\0.001) and ER
visits (56.2 vs. 61.9%, p\0.001) compared to
patients receiving oral antipsychotics. On aver-
age, LAI patients had fewer all-cause inpatient

admissions (0.5 vs. 0.9, p\0.001), hospital days
(3.9 vs. 6.5, p\ 0.001), and ER visits (2.4 vs. 2.9,
p = 0.007) per patient than those receiving oral
antipsychotics. Similar trends were observed in
schizophrenia-related inpatient admissions (LAI
vs. oral: 0.3 vs. 0.4, p\ 0.001) and hospital days
(2.3 vs. 3.1, p = 0.004). There was no difference
in the number of schizophrenia-related ER visits
between the two cohorts. Kaplan–Meier curves

Table 2 Treatment patterns among schizophrenia patients receiving LAI and oral antipsychotics during follow-up period

LAI cohort (n
= 2302)

Oral cohort
(n = 2302)

p valuea Standardized
differenceb

Adherence assessment

PDC, mean ± SD 0.6 ± 0.31 0.6 ± 0.32 0.067 5.39

PDC C 80%, n (%) 841 (36.5%) 787 (34.2%) 0.096 4.91

Discontinuation, n (%)

Allowable gapc 1061 (46.1%) 1419 (61.6%) \0.001 31.58

Sensitivity: 30-day gapd 832 (36.1%) 1188 (51.6%) \0.001 31.54

Sensitivity: 45-day gapd 709 (30.8%) 1042 (45.3%) \0.001 30.13

Sensitivity: 60-day gapd 629 (27.3%) 936 (40.7%) \0.001 28.43

Switch, n (%)

Allowable gapc 208 (9.0%) 208 (9.0%) 1.000 0.00

Sensitivity: 30-day gapd 147 (6.4%) 174 (7.6%) 0.118 4.61

Sensitivity: 45-day gapd 122 (5.3%) 159 (6.9%) 0.023 6.72

Sensitivity: 60-day gapd 101 (4.4) %) 145 (6.3%) 0.004 8.50

Persistence, mean (SD)

Persistence number of days using allowable

treatment gap, mean ± SD

140.6 ± 122.5 135.6 ± 130.5 0.177 3.98

LAI long-acting injectable, PDC proportion of days covered, SD standard deviation, PSM propensity score matching
a p values were calculated using Student’s t tests and Pearson’s Chi squared tests for continuous and categorical variables,
respectively
b Standardized difference is defined as the difference in sample means or proportions divided by standard error; reported as
100 9 |actual standardized difference|. Standardized differences[ |10| are considered significant
c Main analyses were conducted using an allowable treatment gap based on product prescribing guidelines: a gap
of[ 29 days (14 days for the previous injection ? 15 days allowable gap period) between risperidone LAI subsequent
injections, a gap of[ 45 days (30 days for the previous injection ? 15 days allowable gap period) between aripiprazole
LAI, olanzapine pamoate LAI and typical LAIs subsequent injections, and a gap of[ 45 days (30 days for the previous
injection ? 15 days allowable gap period) during the maintenance phase or a gap of[ 12 days (7 days for the first
injection ? 5 days allowable gap period) between the first and second injections for once-monthly paliperidone palmitate
LAI
d Sensitivity analyses were conducted using any 30-, 45-, and 60-day continuous gap in use of antispyschotics

2004 Adv Ther (2018) 35:1994–2014



(log-rank p\ 0.001; HR = 1.34; 95% CI =
1.20–1.49; Fig. 3) indicated that patients on oral
antipsychotics had significantly shorter time to

all-cause (mean number of days: 294.8 vs.
309.8 days) inpatient admissions relative to LAI
patients. The average time to schizophrenia-

Fig. 2 Kaplan–Meier curves for time-to-discontinuation and switch. p values were calculated using log-rank tests. LAI long-
acting injectable

Adv Ther (2018) 35:1994–2014 2005



related inpatient admissions was 331.8 days for
patients on oral antipsychotics compared to
336.0 days for LAI patients (log-rank p = 0.015;
HR = 1.21; 95% CI = 1.04–1.41; Fig. 3). Fur-
thermore, patients in the oral antipsychotics
cohort had shorter time to all-cause ER visits
(mean number of days: 208.0 vs. 222.5 days)
compared to LAI patients (log-rank p\ 0.001;
HR = 1.15; 95% CI = 1.07–1.24; Fig. 4). No sig-
nificant difference was observed in time to
schizophrenia-related ER visit.

There was no significant difference in all-
cause outpatient office visits per patient
between the two cohorts (6.1 vs. 6.2, p = 0.719;
Table 3); however, LAI patients had a higher
number of schizophrenia-related outpatient
office visits compared to patients on oral
antipsychotics (1.8 vs. 1.2, p\0.001). Finally,

patients receiving LAIs had more prescription
fills (29.5 vs. 25.3, p\0.001) compared with
those receiving oral antipsychotics.

Healthcare Costs

A summary of healthcare costs for both cohorts
is presented in Table 3. Annual costs of inpa-
tient admissions were substantially lower in the
LAI cohort compared with the oral antipsy-
chotics cohort ($4007 vs. 8769; p\0.001).
Costs of schizophrenia-related inpatient admis-
sions ($1802 vs. 2410; p = 0.038) were also
lower among LAI patients, as were costs for all-
cause ER visits ($682 vs. 891; p\ 0.001). There
was no significant difference in costs of
schizophrenia-related ER visits ($83 vs. 89;
p = 0.544) between the two cohorts.

Table 3 Healthcare resource utilization and costs among schizophrenia patients receiving LAI and oral antipsychotics
during follow-up period

LAI cohort
(n = 2302)

Oral cohort
(n = 2302)

p valuea Standardized
differenceb

All-cause health care utilization, mean – SD

Number of inpatient admissions 0.5 ± 1.27 0.9 ± 1.93 \ 0.001 20.51

Number of inpatient days 3.9 ± 11.30 6.5 ± 17.97 \ 0.001 17.26

Number of ER visits 2.4 ± 6.23 2.9 ± 6.07 0.007 8.00

Number of office visits 6.1 ± 6.76 6.2 ± 6.33 0.719 1.06

Number of other outpatient visits 57.3 ± 72.27 50.7 ± 71.18 0.002 9.22

Number of medications 29.5 ± 22.84 25.3 ± 22.00 \ 0.001 18.37

All-cause health care costs, mean – SD

Inpatient costs $4007 ± $14,849 $8769 ± $38,010 \ 0.001 16.50

ER costs $682 ± $1946 $891 ± $2245 \ 0.001 9.95

Outpatient office costs $410 ± $525 $421 ± $517 0.436 2.30

Other outpatient costs $9178 ± $21,482 $9152 ± $ 18,357 0.965 0.13

Pharmacy costs $10,713 ± $15,688 $4655 ± $7186 \ 0.001 49.65

Total costs $24,988 ± $33,405 $23,887 ± $46,110 0.354 2.73

PSM propensity score matching, ER emergency room, LAI long-acting injectable, SD standard deviation
a p values were calculated using Wilcoxon rank-sum tests
b Standardized difference is defined as the difference in sample means or proportions divided by standard error; reported as
100 9 |actual standardized difference|. Standardized differences[ |10| are considered significant

2006 Adv Ther (2018) 35:1994–2014



Annual costs for all-cause outpatient office
visits (LAI vs. oral: $410 vs. 421; p = 0.436) and
other outpatient costs ($9178 vs. 9152;

p = 0.965) were similar between the cohorts;
however, LAI patients incurred higher
schizophrenia-related outpatient office visit

Fig. 3 Kaplan–Meier curves for time-to-all-cause and schizophrenia-related hospitalization. p values were calculated using
log-rank tests. LAI long-acting injectable, CI confidence interval
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costs ($115 vs. 86; p\ 0.001) and schizophre-
nia-related other outpatient costs ($2996 vs.
2071; p\0.001) compared to patients on oral

antipsychotics. Annual pharmacy costs were
significantly higher among LAI patients
($10,713 vs. 4655; p\0.001).

Fig. 4 Kaplan–Meier curves for time-to-all-cause and schizophrenia-related ER visits. p values were calculated using log-
rank tests. LAI long-acting injectable, ER emergency room, CI confidence interval

2008 Adv Ther (2018) 35:1994–2014



Overall, the average annual total healthcare
costs ($24,988 vs. 23,887; p = 0.354) were simi-
lar between LAI patients and oral antipsychotics
patients. The higher pharmacy costs in the LAI
cohort were offset by lower inpatient admission
and ER visit costs. LAI patients incurred similar
schizophrenia-related healthcare costs ($4995
vs. 4656; p = 0.326) compared to oral antipsy-
chotic patients as well. After converting the
annual costs to monthly incremental cost dif-
ferences, patients receiving LAIs incurred higher
monthly medication costs ($505, p\0.001) but
lower monthly inpatient ($397, p\0.001) and
ER visit costs ($17, p\0.001). Outpatient office
visit, other outpatient, and total monthly costs
were similar between the LAI and oral antipsy-
chotic cohorts (Fig. 5).

DISCUSSION

This real-world retrospective study of Medicaid
claims data compared treatment patterns,
healthcare resource utilization, and costs

among recently diagnosed schizophrenia
patients treated with LAIs versus oral antipsy-
chotics. Overall, 13% of recently diagnosed
schizophrenia patients received LAIs. After
matching patients in the two cohorts using
PSM, LAI patients had lower discontinuation
rates compared to oral antipsychotics patients
during the follow-up period. In addition, LAI
patients had lower healthcare resource utiliza-
tion including hospital admissions and ER vis-
its. Lower inpatient costs offset the higher LAI
medication costs, thereby resulting in similar
total healthcare costs for the LAI cohort relative
to the oral cohort over a 12-month follow-up
period post-treatment initiation.

These findings are consistent with previous
studies that analyzed treatment patterns and
healthcare resource utilization and costs among
patients receiving LAI and oral antipsychotics.
Authors of prior research studies have reported
poor adherence and high medication discon-
tinuation rates among schizophrenia patients
on oral antipsychotics compared to those on
LAIs [23, 44, 45]. Moreover, relative to oral

Fig. 5 Monthly mean incremental difference in all-cause
healthcare costs between LAI and oral antipsychotics
cohorts during follow-up period. ap values were calculated
using Wilcoxon rank-sum tests. bp\ 0.001. ER emergency

room, LAI long-acting injectable, PSM propensity score
matching
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treatment, LAI antipsychotic use helps to delay
non-adherence and maintain medication
adherence during the length of coverage of
patients who would likely otherwise discon-
tinue their oral therapy during the therapeutic
window [46]. Analyses of data from a six-state
Medicaid database indicated that patients on
atypical LAIs were more adherent (27.2 vs.
24.6%) and persistent (23.7 vs. 20.6%) to treat-
ment compared to patients prescribed atypical
oral antipsychotics [42]. Results from another
recent study by Greene et al. suggest that
schizophrenia patients who began receiving
LAIs had a 5% higher adjusted mean adherence
and were 20% less likely to discontinue their
therapy compared with patients who switched
to a different oral antipsychotic monotherapy
[43].

Studies in the past have demonstrated that
adherence and discontinuation of antipsychotic
treatment is highly associated with healthcare
resource utilization among schizophrenia
patients [14–16, 47]. Hence, patients prescribed
LAIs incurred lower healthcare utilization and
costs, especially inpatient admissions and ER
visits, compared to oral antipsychotics
[19–23, 48]. Taipale et al. reported recently that,
among prevalent and first-episode schizo-
phrenic patients with up to 20 years of follow-
up; LAIs were associated with lower risk of psy-
chiatric and all-cause hospitalization than oral
antipsychotics [49]. In addition, data from a
single payer country showed dramatic differ-
ences in LAIs, where authors observed higher
rates of prevention of relapse in schizophrenia
and approximately 20–30% lower risk of
rehospitalization associated with LAI treatment
compared with equivalent oral antipsychotic
formulations [50]. Another study based on
hospital records data showed atypical LAI use
was associated with a significantly lower num-
ber of rehospitalizations (1.25 vs. 1.61) and ER
visits (2.33 vs. 2.67) compared with oral
antipsychotics [21]. Consistent with the previ-
ous literature, discontinuation rates, inpatient
admissions, and ER visits were significantly
higher among patients who received oral
antipsychotics compared with LAIs. However,
contrary to previous studies, the current study
showed similar medication adherence

(measured by PDC) rates in the 1-year period
following treatment initiation between LAI and
oral antipsychotic patients. A possible explana-
tion for these findings could be that this study
examined recently diagnosed patients, as
opposed to prevalent populations evaluated in
other studies. Our study expands on existing
literature by using PSM to account for observ-
able bias which aids in reducing selection bias
that may have been present in previous studies,
where LAIs might have been more selectively
prescribed to patients who had a history of non-
adherence to oral antipsychotics. The current
study methodology likely created a more
homogenous sample of recently diagnosed
schizophrenia patients as compared to previous
studies.

Despite growing evidence and clinical rec-
ommendations advising the use of LAIs in the
treatment of schizophrenia, they are still pre-
scribed infrequently in clinical practice in the
US [24]. The current analyses indicate that,
among all patients prescribed antipsychotics in
this population, only 13% received LAIs. This is
consistent with previous real-world studies in
which patients initiating LAIs ranged between
10% and 20% [19–23, 42]. Barriers to LAI use
include psychiatrists’ belief that sufficient
compliance is achieved with oral antipsy-
chotics, as well as higher treatment costs for
LAIs versus oral treatment [26]. Among patients
with schizophrenia, relapses—especially inpa-
tient admissions—are a major healthcare cost
driver, and hence it is extremely important to
reduce the rate of relapse in this population.
The present study demonstrated that LAI
patients had reduced inpatient admissions and
that these reductions offset the higher cost of
LAI medications.

The present study was subject to several
limitations. Given the observational nature of
the study, only associations without causal
linkage can be inferred. Variables such as
physician or patient preference, aversion to LAIs
versus oral antipsychotics, clinical markers of
disease severity, and patient-reported outcomes,
were not captured in the database and therefore
could not be measured and included in our
analyses. These variables might be responsible
for selection bias and consequently have
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substantial impact on the outcomes. In addi-
tion, schizophrenia diagnoses were identified
using healthcare claims. Healthcare claims are
subject to coding errors and there may be
incorrectly entered diagnoses which were coded
for administrative processing rather than clini-
cal completeness; hence, some medical infor-
mation may be unavailable or inaccurate. Also,
schizophrenia-related healthcare resource uti-
lization and costs may have been underesti-
mated by capturing claims with schizophrenia
diagnosis claims only in the primary position.
Furthermore, the presence of a claim for a filled
prescription does not indicate whether the
medication was taken as prescribed or actually
consumed, and therefore retrospective database
studies by design might not provide an accurate
representation of medication persistence and/or
adherence in clinical practice. This is more
applicable to oral antipsychotics than LAIs. The
extent to which adherence to antipsychotics
had an impact on the study outcomes were not
analyzed in the current study, and future stud-
ies to assess the impact of compliance to
antipsychotics on the study outcomes are war-
ranted. Healthcare claims contained in the
Truven MarketScan� Multi-State Medicaid
database are not individually identifiable
according to state; therefore, our study results
might not be generalizable to the entire US
schizophrenia population. However, health
insurance claims data offer an opportunity to
understand the real-world prescribing patterns
of antipsychotics for schizophrenia treatment
using large samples of patients in real-world
settings. Conventional LAI antipsychotics and
atypical LAIs are ‘‘different treatments’’ in terms
of their efficacy, safety, and their acquisition
costs. Our study results may have been influ-
enced by treating LAI antipsychotics as one
cohort and not differentiating them based on
the type of LAIs, conventional or atypical.
However, approximately 70% of our LAI study
sample consisted of atypical LAIs which could
have affected the study findings by mitigating
the price difference between conventional and
atypical LAIs. Finally, this study did not analyze
the impact of LAI use on indirect costs due to
reduced relapse rates, which were estimated at
$32.4 billion in the US [51]. Further studies

analyzing the impact of antipsychotic treat-
ment on indirect costs are warranted.

CONCLUSION

In conclusion, antipsychotic discontinuation
was common among recently diagnosed
schizophrenia patients, but the results of this
study suggest that patients on oral antipsy-
chotics were more likely to discontinue than
patients on LAIs. Furthermore, schizophrenia
patients treated with LAIs experienced fewer
hospital admissions, ER visits, and hospital days
than patients treated with oral medications.
Inpatient cost reductions offset the higher LAI
medication costs, thereby resulting in similar
total healthcare costs for patients on LAIs versus
those treated with oral antipsychotics. These
findings may provide insights for healthcare
providers and payers, and assist in the decision-
making process for effective treatment options
for the management of schizophrenia.
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