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Purpose: Compared to once-monthly paliperidone palmitate (PP1M), once-every-3-months 
paliperidone palmitate (PP3M) reportedly increases treatment adherence. The objective of 
this study was to compare treatment patterns, utilization, and costs among Veterans Health 
Administration (VHA) patients with schizophrenia who transitioned to PP3M versus those 
remaining on PP1M.
Patients and Methods: Adult VHA patients with ≥2 health care encounters (inpatient or 
outpatient) that included a schizophrenia diagnosis who initiated PP1M between January 1, 
2015, and March 31, 2018 (identification period) were included in this exploratory retro-
spective cohort study. Propensity scores were used to match cases (PP1M users who 
transitioned to PP3M during the identification period) with controls (any patient initiating 
PP1M during the identification period). Data were assessed until death, health plan disen-
rollment, or study end. Outcomes were compared using chi-square and t-tests.
Results: A total of 257 eligible PP3M and 2973 eligible PP1M patients were identified among 
adult VHA patients; mean ages were 53.1 and 53.7 years, respectively. After propensity score 
matching, the PP3M and PP1M cohorts each held 111 patients. Comorbidities of patients treated 
with PP3M versus PP1M, respectively, included anxiety (12.5% vs 20%; standardized difference 
[STD] = 20.6), tobacco use (28.4% vs 43.2%; STD = 31.2), depressive disorder (26.5% vs 
36.2%; STD = 21.1), and substance abuse (37.4% vs 44.2%; STD = 13.9). For the PP3M cohort, 
adherence (proportion of days covered ≥80%) to any antipsychotic agent was higher (78.4% vs 
57.7%, P = 0.0009), and all-cause inpatient lengths of stay (LOS) were shorter (3.0 vs 8.3 days, 
P = 0.0354). Increased all-cause pharmacy costs with PP3M were offset by reduced all-cause 
medical costs, resulting in overall health care cost-neutrality.
Conclusion: Relative to those remaining on PP1M, VHA patients with schizophrenia who 
transitioned to PP3M experienced improved antipsychotic medication adherence and sig-
nificantly shorter all-cause inpatient LOS; costs remained neutral.
Keywords: long-acting injectable antipsychotic, adherence, healthcare resource utilization, cost

Introduction
Schizophrenia is a chronic mental disorder affecting 1% of adults in the United States, 
characterized by a diminished capacity for learning, working, self-care, and interper-
sonal relationships.1–5 It is one of the top 20 leading causes of disability worldwide.6,7

A retrospective claims-based study using data from the Veterans Health 
Administration (VHA) system reported nearly 60,000 incident cases of schizophre-
nia during a 5-year period.8 The overall prevalence among veterans has been 
reported to be approximately 3%.9 Schizophrenia imposes a large economic burden 
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and places a substantial burden on patients, caregivers, and 
the health care system.3,10–14 For example, in 2013, the 
estimated economic burden of schizophrenia in the United 
States was $155.7 billion.15

Antipsychotic (AP) agents such as oral AP therapies 
(OATs) and long-acting injectables (LAIs) serve as the 
treatment foundation for patients with schizophrenia.16,17 

Patients with schizophrenia often have difficulty adhering 
to oral medication regimens despite the importance of 
long-term, continuous therapy.12,18–20 Nonadherence to 
regimens with medication such as OATs or oral atypical 
antipsychotics (OAAs) can lead to hospitalization and 
higher health care costs.19 For patients receiving atypical 
APs, relapse is particularly costly, incurring an incremen-
tal cost increase of $2459 per week.3 This additional cost 
is acquired through pharmacy, outpatient, and institutional 
visit costs, with institutional visits comprising over half of 
that additional weekly cost.3

Once-monthly paliperidone palmitate (PP1M) was 
approved by the US Food and Drug Administration 
(FDA) in 2009 for the treatment of adults with schizo-
phrenia. Subsequent studies have shown that PP1M has 
improved adherence, lower inpatient and long-term health 
care resource utilization (HRU), and lower medical costs 
compared with oral therapies for patients with 
schizophrenia.18,21,22 In 2015, the FDA approved once- 
every-3-months paliperidone palmitate (PP3M) for the 
treatment of adults with schizophrenia. With reduced dos-
ing frequency, PP3M treatment adherence was improved 
and caregiver burden was lessened.1,18,23,24 Additionally, 
a shift to PP3M showed a decrease in medical costs, 
mostly due to decreasing monthly inpatient costs.2

The current study evaluates the administration of 
PP3M after treatment with PP1M.25 Current literature 
comparing real-world outcomes between patients with 
schizophrenia taking PP3M and PP1M compares data 
before and after transition from PP1M to 
PP3M.1,2,19,26,27 This study design lacks risk factors that 
contributed to the use of PP1M before the start of PP3M. 
The current study design incorporates an analysis of 
balanced cohorts treated with either PP1M or PP3M. The 
PP3M cohort comprised patients who transitioned from 
PP1M to PP3M treatment during the study period, and the 
PP1M cohort comprised patients who initiated PP1M 
treatment during the study. The main objective of the 
study was to assess the potential benefits of either con-
tinuing treatment with PP1M or transitioning to PP3M by 
comparing treatment patterns (AP and mental health 

(MH)-related medication use and adherence), HRU, and 
costs among patients with schizophrenia who transitioned 
to PP3M versus patients who remained on PP1M treat-
ment within the VHA.

Patients and Methods
Data Source
This retrospective cohort study utilized data from the VHA 
database from January 1, 2014, to March 31, 2018 (the 
study period).

According to the 2017 US Census, there are 
~18.2 million veterans in the United States.28 The VHA 
is the largest integrated health care system in the United 
States and provides care to over 9 million veterans.29,30 

The VHA Database consists of the Medical SAS Datasets, 
Decision Support System (DSS) data, and the Vital Status 
File. The Medical SAS Datasets are provided by 
fiscal year and include 4 inpatient datasets and 2 outpatient 
datasets. Demographic variables are found in both inpati-
ent and outpatient datasets. Examples of variables in the 
inpatient datasets include date, date of diagnosis, discharge 
date, diagnoses, procedures, diagnostic and procedure 
codes, and death. Examples of variables in the outpatient 
datasets include information regarding outpatient service 
dates, clinic information, diagnoses, procedures, and diag-
nostic and procedure codes. The DSS data contain vari-
ables related to days of prescription supply and utilization 
and costs for pharmacy prescriptions, laboratory tests, 
radiologic procedures, and inpatient and outpatient ser-
vices. The Vital Status File contains medical yearly enroll-
ment indicators, veteran status, and birth and death 
information for each record.

Institutional Review Board (IRB) 
Exemption
Except in compliance with applicable law, no identifiable 
patient information or medical records were disclosed for 
the purposes of this study. Therefore, IRB approval to 
conduct this study was not required because the core 
study did not involve the collection, use, or transmittal of 
individual identifiable data.

Study Population
This study population was composed of 2 cohorts: PP1M 
and PP3M. VHA patients were included in the PP3M 
study group if they had transitioned from PP1M to 
PP3M treatment during the identification period 

https://doi.org/10.2147/NDT.S313067                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2021:17 3160

El Khoury et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


(January 1, 2015, to March 31, 2018) and had no PP3M 
claims prior to the discontinuation of PP1M. The first 
dispensing date of PP3M was defined as the index date 
(ID) for the PP3M cohort.

The PP1M cohort was drawn from all those who 
initiated PP1M treatment during the identification period 
(January 1, 2015, to March 31, 2018), including those 
who might have switched to PP3M at a later time. The 
first dispensing of PP1M was defined as the PP1M date. 
The PP1M cohort was identified by assigning a random 
index date (RID) to all PP1M initiators during the period 
from PP1M initiation through discontinuation (≥45-day gap 
between injections), drug supply end date, disenrollment, or 
study period end date, whichever occurred first. The RID 
was assigned to ensure that cohort membership was based 
on current rather than future exposure to PP3M. This 
approach enabled selection of all those who had initiated 
PP1M and were at risk of transitioning to PP3M but had not 
done so by the RID. Patients from among all those initiating 
PP1M were matched to those in the PP3M cohort using 
propensity score matching. Propensity score matching was 
used to achieve balance in the baseline characteristics 
between the 2 cohorts because, due to the non- 
experimental nature of the study, patients in different 
study cohorts were likely to differ from one another. For 
those in the PP1M cohort who later initiated PP3M, the end 
of follow-up occurs when they discontinued PP1M.

Included patients in the PP1M and PP3M cohorts 
were also required to have had continuous health plan 
enrollment for 12 months before the ID (baseline period) 
and after the ID (follow-up period); ≥2 health care 
encounters (inpatient or outpatient) that included 
a schizophrenia diagnosis (International Classification of 
Diseases, 9th Revision, Clinical Modification [ICD- 
9-CM] code 295.XX [excluding 295.7, schizoaffective 
disorder] or International Classification of Diseases, 
10th Revision, Clinical Modification [ICD-10-CM] 
codes F20.XX or F21) during the study period; and age 
≥18 years at ID. Patients were not excluded for having 
a diagnosis of schizoaffective disorder or bipolar disorder 
during the baseline period so long as they also had ≥2 
health care encounters that included a schizophrenia 
diagnosis during the study period. Patients were excluded 
from the study if they had evidence of PP3M use during 
the baseline period. All patient data were assessed until 
death, health plan disenrollment, or the end of the study 
period.

Demographic and Baseline Clinical 
Characteristics
Patient demographics including age, sex, and race were 
assessed. Clinical characteristics such as the Quan-Charlson 
Comorbidity Index (CCI) score and other individual comor-
bidities were examined using ICD-9-CM codes (Appendix 1). 
Based on General Equivalence Mappings by the Centers for 
Medicare and Medicaid Services, all ICD-9 diagnostic and 
procedure codes were mapped to ICD-10 codes.31

Outcome Measures
Treatment patterns, HRU, and costs during baseline and 
follow-up were measured for the PP1M and PP3M 
cohorts. Outcome measures included the proportion of 
patients prescribed APs (including any oral, long-acting, 
and short-acting injectables (Appendices 2 and 3)) and 
other MH-related medication such as antidepressants, 
anxiolytics, and mood stabilizers (Appendix 4).

Adherence to medication was calculated using the pro-
portion of days covered (PDC), defined as the number of 
days in the follow-up period covered by a medication 
divided by the follow-up time.32 The medication posses-
sion ratio (MPR) was defined as the number of days of 
supply within the entire exposure to therapy (defined as 
the number of days between the date of the first drug fill 
and the last drug refill plus the number of days of supply 
of the last refill). MPR was computed as the sum of days 
of supply divided by the exposure to therapy. PDC and 
MPR ≥80% was reported as adherent and <80% was 
reported as nonadherent.

HRU and costs were compared for all-cause, MH- 
related, and schizophrenia-related outcomes. Medical 
claims were considered MH-related if there was 
a schizophrenia diagnosis (as defined previously) or 
a MH disorder (Appendix 5) on any position of the 
claim. MH-related pharmacy costs included costs for any 
AP (Appendices 2 and 3) and/or other MH-related medi-
cations (Appendix 4). Medical costs were considered schi-
zophrenia-related if there was a schizophrenia diagnosis 
on any position of the claim; schizophrenia-related phar-
macy costs included costs for any AP (Appendices 2 and 
3). Using the medical care component of the Consumer 
Price Index, all costs were adjusted to 2017 US dollars.

Statistical Analysis
Demographics and baseline clinical characteristics were 
assessed descriptively among patients in the PP1M and 
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PP3M cohorts. To compare the follow-up outcomes between 
the PP1M and PP3M cohorts, t-test and chi-square tests 
were used for continuous and categorical variables, respec-
tively. The level of significance was set at α = 0.05. 
Standardized differences (STD) were also calculated.

To create the comparison PP1M and PP3M cohorts, 
patients were matched on propensity score and duration 
of time from PP1M initiation date to either the ID (PP3M 
cohort) or RID (PP1M cohort) with an allowable differ-
ence of ±30 days. A multivariable logistic regression 
model controlling for all baseline demographics and clin-
ical characteristics was used to predict the propensity of 
transitioning to PP3M. The model incorporated potential 
predictors of treatment as independent variables in the 
regression and group status as the outcome. It included 
the following covariates: age, sex, race, Quan-CCI score, 
other baseline individual comorbidities (MH-related and 
non–MH-related), and baseline all-cause total costs. 
Patients initiating PP1M were matched 1:1 to those tran-
sitioning to PP3M, based on the propensity score (near-
est-neighbor matching without replacement, caliper 
distance = 0.01) and the time on PP1M (±30 days) prior 
to cohort entry.

Adequately treated patients were defined as patients 
who had ≥4 months of continuous PP1M use with no 
treatment gap of ≥45 days prior to the ID.

All analyses were conducted using SAS statistical soft-
ware (version 9.3, SAS Institute, Cary, NC, 2012).

Results
A total of 257 PP3M and 2973 PP1M patients were 
included in the study after applying the inclusion and 
exclusion criteria; a total of 111 matched patients were 
included in the PP3M and PP1M cohorts after matching on 
propensity score and time on PP1M prior to ID (Figure 1).

Demographic and Baseline 
Characteristics
The mean ages of the 257 PP3M and 2973 PP1M patients 
were 53.1 years (standard deviation [SD] = 13.5) and 53.7 
years (SD = 13.4) (STD = 4.4), respectively. Most patients 
were male and White. Patients in the PP3M cohort had 
a lower mean Quan-CCI score compared with PP1M 
patients. Among patients who transitioned to PP3M, 
there were significantly lower rates of anxiety, tobacco 
use, depression, substance abuse, and other MH-related 
comorbidities. The most common non–MH-related 

comorbidities included cardiovascular disease (CVD)– 
hyperlipidemia, CVD–hypertension, and diabetes mellitus 
(Table 1).

After matching, imbalances between the PP3M and 
PP1M cohorts were observed in age, anxiety, tobacco 
use, and depression disorder. In particular, patients in the 
PP3M cohort were younger that those in the PP1M cohort 
(mean [SD] 53.2 [13.6] vs 55.2 [11.9], STD = 15.3), and 
a lower proportion of PP3M patients had anxiety (10.8% 
vs 15.3%, STD = 13.3), tobacco use (33.3% vs 27.9%, 
STD = 11.7), or any depression disorder (31.5% vs 25.2%, 
STD = 14.0) relative to PP1M patients.

Follow-Up Treatment Patterns
The mean time that patients received PP1M treatment 
prior to PP3M was 298.40 days. Patients in the PP1M 
cohort had been treated with PP1M for a mean of 
299.57 days prior to the (randomly assigned) ID. Mean 
follow-up periods for the PP3M and PP1M groups were 
496.48 days and 571.96 days, respectively. Compared to 
patients in the PP1M cohort, a significantly higher pro-
portion of patients who transitioned to PP3M were 
adherent to their antipsychotic regimen (%PDC ≥80%: 
78.4% vs 57.7%, P = 0.0009; %MPR ≥80%: 88.3% vs 
72.1%, P = 0.0024). Patients who transitioned to PP3M 
had a significantly higher PDC (mean [SD] PDC: 0.9 
[0.2] vs 0.7 [0.3], P < 0.0001) and MPR (mean [SD] 
MPR: 0.9 [0.2] vs 0.8 [0.3], P = 0.0016) compared with 
patients who remained on PP1M (Table 2).

HRU
During the follow-up period, patients with schizophrenia who 
transitioned to PP3M experienced a significantly shorter all- 
cause inpatient length of stay (LOS) per patient per year 
(PPPY) compared with patients who remained on PP1M (3.0 
vs 8.3 days, P = 0.0354). There were no statistically significant 
differences in the number of all-cause inpatient stays (0.3 vs 
0.7, P = 0.1471), outpatient visits (47.6 vs 48.6, P = 0.8335), or 
prescription fills PPPY (27.7 vs 30.6, P = 0.2893) (Figure 2). 
Results for MH- and schizophrenia-related HRU were direc-
tionally consistent with all-cause results. Sensitivity analysis 
among adequately treated patients yielded fewer all-cause 
inpatient stays (0.4 vs 1.0, P = 0.0818) and outpatient visits 
PPPY (45.1 vs 48.3, P = 0.5981). Similar trends for MH- and 
schizophrenia-related inpatient and outpatient stays PPPY 
were also observed. Significantly shorter all-cause (2.5 vs 
14.1 days, P = 0.0176), MH-related (2.5 vs 13.7, P = 0.0214), 
and schizophrenia-related inpatient LOS PPPY (1.4 vs 11.3, 
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P = 0.0362) was observed for patients who transitioned to 
PP3M.

Cost Comparison
Patients in the PP3M cohort incurred significantly higher all- 
cause pharmacy costs PPPY ($15,987 vs $11,381, P = 0.0004) 
compared with patients in the PP1M cohort. Although not 
statistically significant, there was a trend towards lower all- 
cause inpatient ($5518 vs $13,361, P = 0.0617) and total 
medical costs ($29,210 vs $38,297, P = 0.1010) among patients 

in the PP3M cohort relative to those in the PP1M cohort. There 
were no statistically significant differences in total costs PPPY 
($45,198 vs $49,678, P = 0.4433) between the two patient 
cohorts (Figure 3). Similar cost trends were observed for 
MH- and schizophrenia-related costs. Sensitivity analysis 
among adequately treated patients showed that PP3M patients 
had significantly lower all-cause total medical ($25,645 vs 
$49,312, P = 0.0115) and total costs PPPY ($41,134 vs 
$61,127, P = 0.0378), MH-related total medical ($21,358 vs 
$44,748, P = 0.0115) and MH-related total costs PPPY 

Patients who initiated treatment with PP1M during identification period (Jan 1, 2015 – March 31, 2018);
the first dispensing of PP1M was defined as the PP1M date

N = 4582

PP3M Cohort
PP1M patients who transitioned from PP1M to
PP3M during the identification period; the first

dispensing  of PP3M was defined as the index date

N = 382

PP1M Cohort
An RID was assigned to all PP1M initiators during

the period after the PP1M date – PP1M discontinuation
date, drug supply end date, disenrollment, or study
period end date; the PP1M cohort was identified as 

those without PP3M use prior to the RID
N = 4564

Continuous health plan enrollment for 12 months before (baseline period) index date;
patients were followed until death, disenrollment, or end of study period

4654 = N283 = N

Aged ≥18 years as of index date
3792 = N952 = N

No evidence of PP3M prescription during the baseline period
3792 = N752 = N

Final sample before PSM
7392 = N752 = N

Final sample after PSM
111 = N111 = N

≥2 encounters that included a schizophrenia diagnosis (International Classification of Diseases, 9th/10th Revision,
Clinical Modification [1CD-9/10-CM]: 295.XX [excluding 295.7 schizoaffective disorder], ICD-10-CM:F20.xx, F21)

during the study period

3792 = N952 = N

Figure 1 VHA patient selection criteria. 
Abbreviations: PP1M, once-monthly paliperidone palmitate; PP3M, once-every-3-months paliperidone palmitate; PSM, propensity score matching; RID, random index date.
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($36,370 vs $56,300, P = 0.0362), and schizophrenia-related 
total medical costs PPPY ($13,051 vs $30,324, P = 0.0287).

Discussion
Unlike previous publications, the current study com-
pared PP1M patients who transitioned to PP3M with 
patients who, after accounting for person-time at risk, 
had not transitioned to PP3M. The time “at risk” was 

the person-time on PP1M treatment before the start of 
PP3M therapy. By accounting for this at-risk time, the 
comparator PP1M study cohort was selected from 
among all patients who initiated PP1M and were at 
risk of transitioning to PP3M. Therefore, the current 
study considered the dynamic and complex nature of 
medication therapy as opposed to treating medication 
as a time-fixed construct.33

Table 1 Baseline Demographic and Clinical Characteristics Before PSM for VHA Patients with Schizophrenia Who Transitioned to 
PP3M versus Those Who Remained on PP1M

Baseline Characteristics Patient Characteristics Before PSM Patient Characteristics After PSM

PP3M Cohort  

(N = 257)

PP1M Cohort  

(N = 2973)

STD PP3M Cohort  

(N = 111)

PP1M Cohort  

(N = 111)

STD

N % N % N % N %

Mean age, years, mean ± SD 53.1 ± 13.5 53.7 ± 13.4 4.4 53.2 ± 13.6 55.2 ± 11.9 15.3

Age, years

18–34 39 15.2% 387 13.0% 6.2 17 15.3% ≤11a 22.5

35–44 31 12.1% 398 13.4% 4.0 13 11.7% 14 12.6% 2.7

45–54 40 15.6% 456 15.3% 0.6 17 15.3% 20 18.0% 7.2

55–64 97 37.7% 1075 36.2% 3.3 43 38.7% 45 40.5% 3.7

65+ 50 19.5% 657 22.1% 6.5 21 18.9% 23 20.7% 4.5

Sex

Male 236 91.8% 2712 91.2% 2.2 105 94.6% 103 92.8% 7.4

Race

White 131 51.0% 1474 49.6% 2.8 57 51.4% 59 53.2% 3.6

Black 93 36.2% 1139 38.3% 4.4 43 38.7% 42 37.8% 1.8

Comorbid conditions, mean ± SD

Quan-Charlson Comorbidity Index score 0.8 ± 1.4 1.0 ± 1.5 10.4 0.8 ± 1.4 0.9 ± 1.5 1.3

Mental health–related comorbidities

Posttraumatic stress disorder 47 18.3% 582 19.6% 3.3 21 18.9% 23 20.7% 4.5

Anxiety 32 12.5% 595 20.0% 20.6 12 10.8% 17 15.3% 13.3

Tobacco use 73 28.4% 1284 43.2% 31.2 37 33.3% 31 27.9% 11.7

Bipolar disorder 35 13.6% 490 16.5% 8.0 20 18.0% 16 14.4% 9.7

Any depression disorder 68 26.5% 1076 36.2% 21.1 35 31.5% 28 25.2% 14.0

Substance abuse 96 37.4% 1313 44.2% 13.9 49 44.1% 53 47.7% 7.2

Mental health–related comorbidities (except 

tobacco use and substance abuse)

110 42.8% 1628 54.8% 24.1 51 45.9% 52 46.8% 1.8

Non–mental health–related comorbidities

Obesity 59 23.0% 664 22.3% 1.5 24 21.6% 23 20.7% 2.2

Diabetes mellitus 65 25.3% 753 25.3% 0.1 28 25.2% 27 24.3% 2.1

CVD–hyperlipidemia 106 41.2% 1225 41.2% 0.1 48 43.2% 46 41.4% 3.6

CVD–hypertension 100 38.9% 1330 44.7% 11.8 48 43.2% 44 39.6% 7.3

Chronic obstructive pulmonary disease 36 14.0% 424 14.3% 0.7 14 12.6% 15 13.5% 2.7

Note: aResults with sample sizes ≤11 cannot be reported per the VHA data user agreement. 
Abbreviations: CVD, cardiovascular disease; PP1M, once-monthly paliperidone palmitate; PP3M, once-every-3-months paliperidone palmitate; PSM, propensity score 
matching; SD, standard deviation; STD, standardized difference; VHA, Veterans Health Administration.
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Table 2 PSM-Adjusted Comparison of Treatment Patterns Among VHA Patients with Schizophrenia Who Remained on PP1M versus 
Those Who Transitioned to PP3M

PP3M Cohort (N = 111) PP1M Cohort (N = 111) P Valuea

Time to follow end, mean ± SD 496.5 ± 228.8 572.0 ± 313.9
0.0419

Time to follow end, median 541.0 598.0

AP and mental health-related medication use

Any oral APs, N 58 57
0.8932

Any oral APs, % 52.3 51.4

Atypical oral APs, N 54 56
0.7883

Atypical oral APs, % 48.6 50.5

Any LAI APs, N 111 104
0.0072

Any LAI APs, % 100.0 93.7

Atypical LAI APs, N 111 104
0.0072

Atypical LAI APs, % 100.0 93.7

Antidepressants, N 60 60
1.0000

Antidepressants, % 54.1 54.1

Anxiolytics, N 57 52
0.5021

Anxiolytics, % 51.4 46.9

Mood stabilizers, N 43 44
0.8906

Mood stabilizers, % 38.7 39.6

PDC

PDC by any agent, mean ± SD 0.9 ± 0.2 0.7 ± 0.3
<0.0001

PDC by any agent, median 1.0 0.9

≥80%, N 87 64
0.0009

≥80%, % 78.4 57.7

PDC by PP1M, mean ± SD 0.1 ± 0.2 0.4 ± 0.4
<0.0001

PDC by PP1M, median 0.0 0.4

≥80%, N 1 30
<0.0001

≥80%, % 0.9 27.0

PDC by PP3M, mean ± SD 0.8 ± 0.3 0.1 ± 0.2
<0.0001

PDC by PP3M, median 1.0 0.0

≥80%, N 69 6
<0.0001

≥80%, % 62.2 5.4

MPR by any agent, mean ± SD 0.9 ± 0.2 0.8 ± 0.3
0.0016

MPR by any agent, median 1.0 1.0

(Continued)
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The current study’s design includes an additional sen-
sitivity analysis addressing adequately treated or stable 
patients within the main sample.27 Through propensity 
score matching, balanced cohorts receiving PP1M and 
PP3M treatment regimens enabled a comparison of the 
outcomes among PP1M patients who transitioned to 
PP3M versus those who continued to receive PP1M.

The study revealed that adherence, as measured by 
PDC and MPR, was significantly higher for patients who 
transitioned to PP3M compared with patients who 

remained on PP1M. These findings align with previous 
studies, which reported improved adherence upon transi-
tioning patients to PP3M from PP1M.1,2,19,28,29 For exam-
ple, in a retrospective longitudinal cohort study, Joshi 
et al17 reported a high proportion of patients who transi-
tioned to PP3M as persistent and adherent to treatment 
(with >80% being adherent [PDC ≥80%]) and most 
patients having decreased HRU, possibly due to a lower 
dosing frequency. DerSarkissian et al1 reported that VHA 
patients with schizophrenia experienced an increase in 

Table 2 (Continued). 

≥80%, N 98 80
0.0024

≥80%, % 88.3 72.1

MPR by PP1M, mean ± SD 0.1 ± 0.2 0.5 ± 0.4
<0.0001

MPR by PP1M, median 0.0 0.5

≥80%, N 4 38
<0.0001

≥80%, % 3.6 34.2

MPR by PP3M, mean ± SD 0.8 ± 0.3 0.1 ± 0.2
<0.0001

MPR by PP3M, median 1.0 0.0

≥80%, N 71 6
<0.0001

≥80%, % 64.0 5.4

Note: aP values were calculated using t-tests for continuous variables and chi-square tests for categorical variables. 
Abbreviations: AP, antipsychotic; LAI, long-acting injectable; MPR, medication possession ratio; PDC, proportion of days covered; PP1M, once-monthly paliperidone 
palmitate; PP3M, once-every-3-months paliperidone palmitate; SD, standard deviation; VHA, Veterans Health Administration.

Figure 2 Comparison of all-cause HRU PPPY among VHA patients with schizophrenia who transitioned to PP3M versus those who remained on PP1M. 
Note: aP < 0.05. P values were calculated using t-tests with the level of significance set at α = 0.05. 
Abbreviations: HRU, health care resource utilization; LOS, length of stay; PP1M, once-monthly paliperidone palmitate; PP3M, once-every-3-months paliperidone palmitate; 
PPPY, per patient per year; VHA, Veterans Health Administration.
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PDC after transitioning to PP3M from PP1M as well as 
a decrease in HRU using a pre- and post-PP3M transition 
study design. Adherence plays a critical role in schizo-
phrenia treatment because nonadherence to medication can 
lead to increased hospitalization, longer inpatient stays, 
and ultimately increased health care costs for 
patients.11,34–36 The opportunity for patients to receive 
treatment once every 3 months as opposed to once- 
monthly doses can contribute to improved adherence to 
PP3M, which can greatly affect patients’ recovery, quality 
of life, and HRU.

All-cause and MH-related inpatient LOS was signifi-
cantly shorter for patients who transitioned to PP3M as 
opposed to those remaining on PP1M. DerSarkissian et al1 

similarly reported a significantly shorter average LOS for 
any inpatient setting and MH care setting post-PP3M 
transition. Compared with the foundation treatment of 
OAAs, improved adherence to PP1M and PP3M has 
been reported; the even greater adherence to PP3M may 
further contribute to reduction in relapses and hospitaliza-
tion and subsequently shorter inpatient LOS.26,36–39

Significantly higher all-cause pharmacy costs were 
observed for patients who transitioned to PP3M. The 
increased pharmacy costs among patients who transitioned 
to PP3M were offset by comparable inpatient and out-
patient costs, resulting in cost neutrality for total costs. 
Comparable results for inpatient, outpatient, total medical, 
and total costs were confirmed by prior literature.1,2,29 

Similarly, DerSarkissian et al1 observed significantly 
higher costs related to pharmacy costs but significantly 
lower health care costs related to inpatient, outpatient, 
and total costs. Whereas the current study has a patient 
population similar in age, sex distribution, and data source 
(VHA), the cost differences between patients who 
remained on PP1M and patients who transitioned to 
PP3M were not significantly different. These discrepancies 
could be explained by the differences in study design as 
well as the study period.

Whereas claims data can provide valuable real-world 
information to assess treatment patterns, HRU, costs, and 
health care outcomes, claims data come with limitations 
that may influence outcomes. These include coding errors, 
billing inaccuracies, and missing data; diagnoses entered 
as administrative processing as opposed to being linked to 
clinical outcomes; and certain information, such as clinical 
parameters, not being readily available in claims data. 
Further, the evaluation of adherence was based on the 
presence of a claim for a filled prescription, which does 
not indicate whether the medication was taken as 
prescribed.

A limitation of the current study’s matching algorithm 
may be incomplete matching that could affect the repre-
sentativeness of the cohorts and the generalizability of the 
results. Because the study sample consisted of patients 
with schizophrenia enrolled in the VHA health care sys-
tem, the findings may not be generalizable to the overall 

Figure 3 Comparison of all-cause costs PPPY among VHA patients with schizophrenia who transitioned to PP3M versus those who remained on PP1M. 
Note: aP < 0.05. P values were calculated using t-tests with the level of significance set at α = 0.05. 
Abbreviations: PP1M, once-monthly paliperidone palmitate; PP3M, once-every-3-months paliperidone palmitate; PPPY, per patient per year; VHA, Veterans Health 
Administration.
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US population. Furthermore, due to the nature of claims 
data and the outcomes of this study, it is possible that not 
all utilizations for which mental health was coded were 
primarily used to discuss or treat mental health issues. 
Additionally, adherence before switching medications 
was measured through pharmacy claims and was only 
evaluated within 4 months before switching. Because 
patients were required to start on PP1M prior to transition 
to PP3M, initial treatment with PP1M may have contrib-
uted to the cost and healthcare resource utilization bene-
fits observed with PP3M treatment. The study sample 
also consisted of a higher proportion of men aged ≥55 
years, and this population of patients may have different 
comorbidities compared with the general population. 
Finally, a longer follow-up period may have produced 
more robust data and should be considered for future 
studies.

Conclusions
Compared with VHA patients who remained on PP1M 
treatment, patients who transitioned to PP3M experienced 
significantly shorter all-cause inpatient LOS and a lower 
average number of schizophrenia-related prescription fills 
PPPY. Although not statistically significant, results indi-
cate that patients who transitioned to PP3M after PP1M 
experienced an overall reduction in all-cause medical 
costs. The reduction in all-cause medical costs offset the 
increased all-cause pharmacy costs for patients who tran-
sitioned to PP3M, resulting in overall health care cost- 
neutrality. In addition, patients who transitioned to PP3M 
experienced increased adherence in relation to schizophre-
nia treatment.

The findings from the current study demonstrate the 
potential improvement of clinical and economic outcomes 
associated with transition to PP3M from PP1M in compar-
ison to remaining on PP1M treatment. The current study 
further validates the results of previous studies concerning 
real-world outcomes related to the transition from PP1M 
to PP3M for patients with schizophrenia.

Abbreviations
AP, antipsychotic; CCI, Quan-Charlson 
Comorbidity Index; CVD, cardiovascular disease; DSS, 
decision support system; FDA, US Food and Drug 
Administration; HRU, healthcare resource utilization; 
ICD-9, International Classification of Diseases, 9th 
Revision, Clinical Modification; ICD-10, International 
Classification of Diseases, 10th Revision, Clinical 

Modification; IRB, institutional review board; LAI, long- 
acting injectable; LOS, length of stay; MH, mental health; 
MPR, medication possession ratio; OAA, oral atypical 
antipsychotic; OAT, oral antipsychotic therapy; PDC, pro-
portion of days covered; PP1M, once-monthly paliperi-
done palmitate; PP3M, once-every-3-months paliperidone 
palmitate; PPPY, per patient per year; RID, random index 
date; SD, standard deviation; STD, standardized differ-
ence; VHA, Veteran’s Health Administration.
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