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Abstract
Objectives The aim was to compare adherence to antipsychotics (APs), healthcare resource utilization (HRU), and costs 
before and after once-every-3-months paliperidone palmitate (PP3M) initiation in patients with schizophrenia.
Methods Medicaid data (Iowa, Kansas, and Missouri; 1/2014–3/2017) were used to identify adults with at least one PP3M 
claim, ≥ 12 months of pre-index enrollment, and at least two schizophrenia diagnoses. Adequate treatment with once-monthly 
paliperidone palmitate (PP1M) was required pre-PP3M transition. Generalized estimating equations were used to assess 
linear trends in adherence to APs, HRU, and costs over the four quarters pre-PP3M transition, and to compare monthly HRU 
and costs 6 months pre- and 12 months post-PP3M transition as well as adherence to APs 12 months pre- and post-PP3M 
transition.
Results Among 324 patients initiated on PP3M, the mean age was 41.4 years and 36.1% were females. Over the four quarters 
pre-PP3M transition, the monthly number of emergency room visits, medical costs, and inpatient costs decreased, while phar-
macy costs and adherence to APs increased. For patients with ≥ 12 months of follow-up (n = 151), adherence to APs (66.2 vs. 
70.2%, p = 0.3758), total (US$3371 vs. US$3456; p = 0.7000), pharmacy (US$1805 vs. US$1870; p = 0.2960), and medical 
costs (US$1565 vs. US$1586; p = 0.9040) remained similar pre- and post-PP3M transition, while mean monthly number of 
1-day mental institute visits (1.71 vs. 1.51; p < 0.01) and associated costs (US$260 vs. US$232, p = 0.01) decreased.
Conclusions Adherence to APs, HRU, and costs were similar pre- and post-PP3M transition, suggesting that PP3M has no 
impact on monthly costs for patients adequately treated with PP1M, with the added flexibility of once-every-3-months dosing.

Key Points for Decision Makers 

Over the four quarters before once-every-3-months 
paliperidone palmitate (PP3M) transition, adherence to 
antipsychotics significantly improved and the increase in 
pharmacy costs was offset by decreasing medical costs, 
driven by a decrease in inpatient costs.

Adherence to antipsychotics, monthly healthcare 
resource utilization, and monthly Medicaid spending 
remained similar before and after PP3M transition.

These findings suggest that for patients adequately 
treated with once-monthly paliperidone palmitate, the 
transition to PP3M has no impact on monthly healthcare 
costs, with the added flexibility of once-every-3-months 
dosing.
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1 Introduction

Schizophrenia is a severe chronic mental disorder char-
acterized by distortions of reality and disturbances of 
thoughts, perceptions, and emotional and social respon-
siveness [1]. In the US adult population, the 12-month 
prevalence of schizophrenia is 1.1% [1]. The educational 
and occupational performance of patients with schizo-
phrenia is affected, resulting in one of the highest global 
disease burdens [2]. In 2002, the US societal economic 
burden of schizophrenia was reported to be US$62.7 bil-
lion [3], becoming US$155.7 billion in 2013 [4]. Unem-
ployment and productivity loss due to caregiving were the 
leading components of the incurred cost of the disease [4].

Schizophrenia can be treated effectively with lifelong 
use of antipsychotic (AP) medications. However, for treat-
ment to be effective, commitment to regularly taking the 
prescribed medication(s) is mandatory. Adherence and 
persistence to APs have previously been reported to be 
poor as a result of patients’ lack of thorough understand-
ing of their disease, impaired thinking, memory difficul-
ties, and substance abuse [5–8]. Compared to oral atypi-
cal antipsychotics (OAAs), long-acting injectable (LAI) 
therapies can address treatment non-adherence since they 
can only be administered by healthcare providers. Once-
monthly paliperidone palmitate (PP1M) is an LAI that was 
approved by the US Food and Drug Administration (FDA) 
in 2009. PP1M prescribing guidelines [9] recommend to 
first initiate patients with schizophrenia with a dose of 
234 mg on the first day of treatment and 156 mg 1 week 
later. Patients should then receive monthly maintenance 
doses; the recommended dose is 117 mg, but some patients 
may be administered other doses (39 mg, 78 mg, 156 mg, 
and 234 mg are available). The maintenance dose may 
be adjusted monthly. PP1M was shown to improve adher-
ence and delay treatment failure compared to OAAs in a 
recent clinical trial [10]. Similarly, PP1M was shown to 
improve adherence and reduce economic burden compared 
to OAAs in the real world [6, 8, 11–15].

Longer injection intervals are expected to improve 
adherence to medication and therefore quality of life by 
reducing relapses and the number and duration of re-hos-
pitalizations [16–18]. Following 4 months of adequate 
treatment with PP1M with the same dosage strength 
for the last two PP1M injections, patients can be tran-
sitioned to once-every-3-months paliperidone palmitate 
(PP3M), the only LAI with a quarterly dosing schedule. 
[19] Prescription guidelines for PP3M recommend the 
following dose conversion from the last dose of PP1M 
to the first dose of PP3M (PP1M dose → PP3M dose): 
78 mg → 273 mg, 117 mg → 410 mg, 156 mg → 546 mg, 
or 234 mg → 819 mg. Prior to FDA approval in 2015, the 

safety and efficacy of PP3M were demonstrated in two 
double-blind, randomized clinical trials [20, 21]. While 
patients’ characteristics and treatment patterns during the 
period prior to PP3M initiation have been assessed [22], 
there is a need to assess the impact of transitioning to 
PP3M on treatment adherence, healthcare resource utili-
zation (HRU), and costs. This study aims to evaluate the 
variation of these outcomes as the transition approaches 
and to compare them before and after PP3M initiation in 
a real-world setting.

2  Methods

2.1  Data Source

This study used Medicaid data from three states (Iowa, Kan-
sas, and Missouri) from January 1, 2014 through March 31, 
2017. The database includes information on enrollment eli-
gibility, physician visits, hospitalizations, long-term care 
services, prescription drugs, and other services reimbursed 
by Medicaid. Medical claims contain diagnosis and proce-
dure information. Prescription drug claims contain informa-
tion on the name, dosage, formulation, and days of supply of 
the medication. In addition, the database contains informa-
tion on Medicaid payments made under both the fee-for-ser-
vice and managed care systems, patient out-of-pocket costs 
and Medicare copayments and deductibles. All available cost 
data reflect the Medicaid payers’ perspective prior to any 
discounts or rebates paid by manufacturers.

All data were de-identified and in compliance with 
the Health Insurance Portability and Accountability Act 
(HIPAA).

2.2  Study Design and Patient Selection

A retrospective cohort observational study design was used. 
The date of the first claim for PP3M was defined as the index 
date. The 12-month period preceding the index was defined 
as the baseline period. The observation (follow-up) period 
spanned from the index date up until the end of eligibil-
ity, death, or lack of available follow-up data, whichever 
occurred first (Fig. 1).

Patients were included in the study if they had at least one 
claim for PP3M, had at least 12 months of continuous insur-
ance eligibility before the index date, had at least two claims 
with a diagnosis for schizophrenia (International Classifica-
tion of Diseases, Ninth Revision (ICD-9) codes: 295.XX 
[excluding 295.7]; International Classification of Diseases, 
Tenth Revision (ICD-10) codes: F20.XX, F21) with at least 
one of them in the 12-month baseline period, and were at 
least 18 years of age at the index date. Per the prescribing 
guidelines for PP3M, patients were also required to have 
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adequate treatment with PP1M prior to PP3M initiation, 
with no gap of > 45 days in PP1M coverage 4 months prior 
to PP3M initiation, same dose strength for the last two PP1M 
claims prior to PP3M initiation, and appropriate dosage con-
version between the last PP1M and the first PP3M claims 
(78 mg → 273 mg, 117 mg → 410 mg, 156 mg → 546 mg, 
or 234 mg → 819 mg), as per prescribing guidelines. For 
the comparison of adherence, HRU, and costs before and 
after PP3M, patients were additionally required to have at 
least 12 months of continuous insurance eligibility following 
PP3M initiation.

2.3  Outcome Measures

Demographic and clinical characteristics were assessed dur-
ing the baseline period for all patients with at least 12 months 
of eligibility prior to the index date and with at least one 
diagnosis of schizophrenia who transitioned to PP3M, for 
those who were adequately transitioned from PP1M to 
PP3M, as well as for adequately transitioned patients who 
had at least 12 months of follow-up. Baseline characteristics 
included age, gender, race, state, region, insurance eligibil-
ity (capitated and dual coverage), Quan-Charlson Comor-
bidity Index (CCI) score, number of unique mental health 
diagnoses, type of schizophrenia disorder, HRU, costs, and 
adherence to APs. Adherence to APs during the 12-month 
baseline period, during each of the four baseline quarters, as 
well as during the first 12 months of follow-up was measured 
using the proportion of days covered (PDC), defined as the 
sum of non-overlapping days of supply (i.e., the number of 
days a prescription is supposed to last) of any AP medication 
divided by the length of the period over which the sum was 
calculated (i.e., 12 months for the entire baseline period and 
the first 12 months of follow-up, and 3 months for the four 
baseline quarters):

Starting at the index date, PP3M treatment patterns were 
assessed and included duration of continuous PP3M therapy 
(defined as having a gap of no more than 45 days between 
the end of supply and a new claim for PP3M), number of 
PP3M claims, number of days between PP3M claims, dose 
strength of each PP3M claim, persistence to PP3M treatment 
(measured as the proportion of patients with a subsequent 
dose of PP3M after the previous dose among those with 
at least 4 months of observation period), and adherence to 
PP3M treatment. Adherence to PP3M was measured by the 
medication possession ratio (MPR) and PDC. The MPR was 
defined as the sum of days of supply for each PP3M dispens-
ing divided by the entire exposure to PP3M:

where exposure to PP3M was defined as the number of days 
between the date of the first drug fill and that of the last drug 
refill, plus the number of days of supply of the last refill. The 
PDC for PP3M was calculated as the sum of non-overlap-
ping days of supply of PP3M during the first 12 months of 
follow-up divided by 12 months.

Monthly all-cause HRU was assessed during each of 
the four quarters pre-index as well as during the 6 months 
pre-index and the first 12 months of follow-up. HRU was 
reported per patient per month for each of the following cat-
egories: outpatient visits, emergency room visits, inpatient 
visits, long-term care admissions, mental institute admis-
sions, 1-day mental institute visits, home care, and other 
services (defined as services that did not fall under any of 
the aforementioned categories). Monthly all-cause pharmacy 
and medical costs were also assessed during each of the four 

PDC =
Sum of non-overlapping days of supply

Length of the period over which the sum was calculated

MPR =
Sum of days of supply during exposure to medication

Duration of exposure to medication

Baseline period:  

12 months before the index date 

≥1 schizophrenia diagnosis (excluding schizoaffective disorder) 

Observation period  

Eligibility start date 
Index date: 

first claim for PP3M 

End of observation:  

End of eligibility or lack of available 

follow-up data, whichever occurs first. 

Continuous eligibility 
≥2 schizophrenia diagnoses (excluding schizoaffective disorder) 

Adequate treatment 
with PP1M 

Fig. 1  Study design scheme. PP1M once-monthly paliperidone palmitate, PP3M once-every-3-months paliperidone palmitate
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quarters pre-index as well as during the 6 months pre-index 
and the first 12 months of follow-up. In addition to the above 
categories, monthly total medical costs (defined as the sum 
of outpatient, emergency room, inpatient, long-term care, 
mental institute visits, 1-day mental institute visits, home 
care, and other services costs) and monthly total healthcare 
costs (defined as the sum of pharmacy and medical costs) 
were calculated.

2.4  Statistical Analysis

Descriptive statistics were used to report baseline charac-
teristics and PP3M treatment patterns. Means, standard 
deviations (SDs) and medians were used for continuous 
variables; frequencies and percentages were used for cat-
egorical variables.

To account for within-individual correlation, general-
ized estimating equation (GEE) models were used to assess 
trends in adherence to APs, HRU, and costs over the four 
baseline quarters prior to the transition to PP3M. The model 
specifies that a relationship between the expectation of the 
outcome E[Y] and the indicator of the quarter (Xquarter = 1, 2, 
3, or 4) is written as follows:

 where g is a given link function and β0 and β1 are the regres-
sion coefficients. The coefficient β1 represents the trend in 
variation of the outcome over the quarters. Since patients 
were their own control, no other covariates were included 
in the models.

For the proportion of patients adherent to APs (i.e., 
PDC ≥ 0.80; binary outcome), the GEE was conducted using 
a binomial distribution with logit link so that the obtained 
β1 estimate represents the average relative odds (i.e., odds 
ratio [OR]) of adherence across quarters. For HRU (count 
outcomes) and costs (continuous outcomes), GEEs were 
conducted using a Poisson distribution with log link so 
that the obtained β1 estimate represents the average HRU 
rate ratio (RR) across quarters, and a normal distribution 
with identity link so that the obtained β1 estimate represents 
the average mean monthly cost difference across quarters, 
respectively, along with a non-parametric bootstrap proce-
dure (500 replications) to provide 95% confidence intervals 
(CIs) and p values for trends.

The comparisons of adherence to APs (i.e., proportion of 
patients with PDC ≥ 0.80) between the 12 months before and 
after initiation of PP3M as well as the comparisons of HRU 
and costs between the 6-month period before the initiation 
of PP3M and the 12-month period after were based on ORs, 
RRs, and mean monthly cost differences, all obtained from 
GEE with the same settings as above, except that an indica-
tor of before versus after PP3M initiation variable (Xafter = 0 
or 1) was the explanatory variable:

g(E[Y]) = �0 + �1Xquarter,

 where β1 is the OR, RR, or mean difference, depending on 
the link function used. Since patients were their own control, 
no other covariates were included in the models.

For HRU and cost outcomes, since it is possible that the 
distribution assumptions (i.e., Poisson for HRU and normal 
for costs) may not represent the true distribution of the out-
comes, non-parametric bootstrap procedures with 500 rep-
lications were conducted to provide 95% CIs and p values 
for RRs and mean monthly cost differences.

All cost outcomes were inflated to 2017 US dollars using 
the medical care component of the Consumer Price Index 
[23]. Two-tailed p values of < 0.05 were considered statis-
tically significant. All statistical analyses were performed 
using SAS version 9.4 (SAS Institute; Cary, North Carolina).

3  Results

3.1  Baseline Demographic and Clinical 
Characteristics

Among 48,456 patients with schizophrenia, 578 patients 
(1.2%) with ≥ 12 months of eligibility prior to the index 
date and at least one diagnosis of schizophrenia during this 
12-month period were transitioned to PP3M, 324 (52.0%) 
were adequately treated with PP1M for ≥ 4 months prior to 
the transition to PP3M, and 151 (46.6%) had ≥ 12 months of 
continuous Medicaid eligibility following PP3M initiation 
(Fig. 2). Among the 324 patients adequately transitioning 
from PP1M to PP3M, mean (SD) age was 41.4 (11.9) years, 
117 (36.1%) were females and 205 (63.3%) were white 
(Table 1). The majority of the sample population, that is 
287 patients (88.6%), were from the state of Missouri, and 
177 patients (54.6%) were from urban areas (Table 1). A 
total of 101 patients (31.2%) had capitated coverage, while 
67 (20.7%) had dual Medicaid and Medicare coverage. The 
mean (SD) Quan-CCI score was 0.6 (1.0), and the mean 
(SD) number of unique mental health diagnoses was 4.3 
(3.5) (Table 1). Similar characteristics were observed in all 
patients transitioning to PP3M (n = 578) and in the subset of 
patients with ≥ 12 months of continuous insurance eligibility 
following adequate transition to PP3M (n = 151), except for 
race and insurance eligibility (Table 1). 

3.2  Quarterly Adherence, Healthcare Resource 
Utilization (HRU), and Costs during the Baseline 
Period

During the four quarters pre-transition to PP3M, the pro-
portion of patients adherent to APs (i.e., PDC ≥ 0.80) sig-
nificantly increased by 17.8 percentage points (from 66.8 to 

g(E[Y]) = �0 + �1Xafter,
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84.6%, p < 0.0001). The changes in monthly all-cause phar-
macy and medical costs are displayed in Fig. 3. Over the 
four quarters pre-transition to PP3M, a significant increase 
in pharmacy costs (from US$1329 to US$1725, p < 0.0001) 
was observed. This increase was offset by numerically 
decreasing medical costs (from US$1950 to US$1432, 
p = 0.0800), resulting in similar total healthcare costs (from 

US$3279 to US$3157, p = 0.8920). The decrease in medi-
cal costs was driven by a decrease in monthly inpatient 
costs, which were reduced by 50.5% compared to the fourth 
quarter prior to PP3M transition (from US$469 to US$232, 
p = 0.0240). The monthly number of emergency room visits 
decreased by 30.0% (from 0.10 to 0.07, p = 0.0360) from the 
fourth to the first quarter prior to PP3M transition.

Dose transition as labeled1

N=324 (92.6%)

Continuous Medicaid eligibility for ≥12 months following the index date

N=151 (46.6%)

≥1 PP1M claim prior to PP3M initiation

N=534 (92.4%)

No gap of >45 days in PP1M coverage four months prior to PP3M initiation AND same dose strength 
for the last two PP1M claims prior to PP3M initiation

N=350 (65.5%)

Patients with ≥2 schizophrenia diagnoses
(ICD-9: 295.XX [excluding 295.7]; ICD-10: F20.XX, F21) 

N=48,456

Patients with ≥1 PP3M claim, 
with the date of the first PP3M claim being the index date

N=623 (1.3%)

Age ≥18 at index date

N=617 (99.0%)

Continuous Medicaid eligibility for ≥12 months prior to the index date (baseline period)

N=588 (95.3%)

≥1 schizophrenia diagnosis during the baseline period

N=578 (98.3%)

Fig. 2  Sample selection flowchart. Data source: Medicaid database: 
Iowa (2014Q1–2017Q1), Kansas (2014Q1–2017Q1), and Missouri 
(2014Q1–2017Q1). 1 Correspondence between the dose strength (mg) 
of the last PP1M claim and the first PP3M claim: 78 mg → 273 mg, 
117 mg → 410 mg, 156 mg → 546 mg or 234 mg → 819 mg. ICD-9 

International Classification of Diseases, Ninth Revision, ICD-10 
International Classification of Diseases, Tenth Revision, PP1M once-
monthly paliperidone palmitate, PP3M once-every-3-months pali-
peridone palmitate
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Table 1  Demographic and clinical characteristics evaluated during the 12-month baseline period

CCI Charlson Comorbidity Index, ICD-9 International Classification of Diseases, Ninth Revision, ICD-10 International Classification of Dis-
eases, Tenth Revision, PP1M once-monthly paliperidone palmitate, PP3M once-every-3-months paliperidone palmitate, SD standard deviation
a Types of schizophrenia disorder were identified based on the first 4 digits of the ICD-9/ICD-10 codes for schizophrenia diagnosis. Note that 
types of schizophrenia disorder are not mutually exclusive

Patients  
transitioning  
to PP3M  
(N = 578)

Patients adequately 
transitioning from  
PP1M to PP3M
(N = 324)

Patients adequately transitioned from 
PP1M to PP3M with ≥ 12 months 
following PP3M initiation
(N = 151)

Age, mean ± SD [median] 43.0 ± 12.1 [42.5] 41.4 ± 11.9 [40.2] 42.7 ± 11.7 [42.2]
Female, n (%) 203 (35.1) 117 (36.1) 53 (35.1)
Race, n (%)
 White 379 (65.6) 205 (63.3) 115 (76.2)
 Black 169 (29.2) 97 (29.9) 24 (15.9)
 Hispanic 3 (0.5) 3 (0.9) 3 (2.0)
 Other 17 (2.9) 12 (3.7) 6 (4.0)
 Unknown 10 (1.7) 7 (2.2) 3 (2.0)

State, n (%)
 Missouri 528 (91.3) 287 (88.6) 131 (86.8)
 Iowa 48 (8.3) 36 (11.1) 19 (12.6)
 Kansas 2 (0.3) 1 (0.3) 1 (0.7)

Region characteristics, n (%)
 Urban 333 (57.6) 177 (54.6) 77 (51.0)
 Suburban 136 (23.5) 83 (25.6) 41 (27.2)
 Rural 109 (18.9) 64 (19.8) 33 (21.9)

Insurance eligibility, n (%)
 Capitated or dual coverage 353 (61.1) 150 (46.3) 69 (45.7)
 Capitated 177 (30.6) 101 (31.2) 45 (29.8)
 Dual coverage 246 (42.6) 67 (20.7) 37 (24.5)

Quan-CCI, mean ± SD [median] 0.7 ± 1.1 [0.0] 0.6 ± 1.0 [0.0] 0.7 ± 1.0 [0.0]
Number of unique mental health diagnoses, mean ± SD [median] 4.2 ± 3.7 [3.0] 4.3 ± 3.5 [3.0] 4.3 ± 3.4 [3.0]
Type of schizophrenia  disordera, n (%)
 Simple type schizophrenia (295.0) 5 (0.9) 2 (0.6) 2 (1.3)
 Disorganized type schizophrenia (295.1 or F20.1) 16 (2.8) 12 (3.7) 8 (5.3)
 Catatonic type schizophrenia (295.2 or F20.2) 2 (0.3) 2 (0.6) 1 (0.7)
 Paranoid type schizophrenia (295.3 or F20.0) 270 (46.7) 146 (45.1) 73 (48.3)
 Schizophreniform disorder (295.4 or F20.81) 16 (2.8) 8 (2.5) 6 (4.0)
 Latent schizophrenia (295.5 or F21) 4 (0.7) 2 (0.6) 1 (0.7)
 Schizophrenic disorder, residual type (295.6 or F20.5) 16 (2.8) 7 (2.2) 3 (2.0)
 Schizoaffective disorder (295.7 or F25.0 or F25.1) 284 (49.1) 171 (52.8) 84 (55.6)
 Undifferentiated schizophrenia (F20.3) 19 (3.3) 11 (3.4) 6 (4.0)
 Other specified types of schizophrenia (295.8 or F20.89) 15 (2.6) 6 (1.9) 4 (2.6)
 Unspecified schizophrenia (295.9 or F20.9) 252 (43.6) 140 (43.2) 65 (43.0)

Quarter of index date, n (%)
 May–June 2015 0 (0.0) 0 (0.0) 0 (0.0)
 July–September 2015 52 (9.0) 40 (12.3) 37 (24.5)
 October–December 2015 87 (15.1) 64 (19.8) 61 (40.4)
 January–March 2016 143 (24.7) 53 (16.4) 51 (33.8)
 April–June 2016 82 (14.2) 60 (18.5) 2 (1.3)
 July–September 2016 56 (9.7) 41 (12.7) 0 (0.0)
 October–December 2016 41 (7.1) 32 (9.9) 0 (0.0)
 January–March 2017 117 (20.2) 34 (10.5) 0 (0.0)
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3.3  PP3M Treatment Patterns

Patterns of treatment with PP3M are described in Table 2. 
Patients were observed on average (SD) for 11.1 (5.7) 
months following transition to PP3M, with 151 (46.6%) of 
patients having ≥ 12 months of observation. The mean (SD) 
time between the last PP1M dose and the first PP3M dose 
was 26.6 (12.2) days. A total of 176 patients (54.3%) started 
treatment on the highest recommended dose (819  mg) 
and 102 patients (31.5%) started on the second highest 
dose (546 mg). More than 95% of patients remained on 
the same dose for subsequent injections. Among patients 
with ≥ 12 months of follow-up (n = 151), 91 (60.3%) had 
a PDC of ≥ 0.80. Among patients with at least two PP3M 
claims (n = 247), 223 (90.3%) had an MPR of ≥ 0.80.

3.4  Comparison of Adherence, HRU, and Costs 
Before and After Transitioning to PP3M

Among patients with ≥ 12 months of observation post-PP3M 
transition (n = 151), the proportion of patients adherent to 
APs numerically increased from 66.2% in the 12-month 
baseline period to 70.2% in the first 12 months following 
PP3M transition (OR = 1.20, p = 0.3758), although the 
increase was not significant.

Among the same sample of patients, total monthly health-
care costs remained similar during the 6 months pre- and the 
12 months post-PP3M transition (US$3371 vs. US$3456, 

p = 0.7000; Fig. 4a). Similarly, no significant differences 
were observed in monthly medical costs (US$1565 vs. 
US$1586, p = 0.9040) and pharmacy costs (US$1805 vs. 
US$1870, p = 0.2960; Fig. 4a).

Likewise, the mean monthly number of outpatient visits 
(1.18 vs. 1.16, p = 0.9000), emergency room visits (0.09 vs. 
0.09, p = 0.4400), inpatient visits (0.08 vs. 0.07, p = 0.7760), 
mental institute admissions (0.47 vs. 0.40, p = 0.1080), and 
days with home care services (1.74 vs. 1.63, p = 0.4760) 
did not change significantly. However, the mean monthly 
number of 1-day mental-health institute visits decreased by 
12% during the 12 months post-PP3M transition compared 
to the 6 months pre-transition (1.71 vs. 1.51, p = 0.0080). 
This resulted in a decrease of US$28 in monthly 1-day 
mental-health institute visit costs (US$260 vs. US$232, 
p = 0.0120) over the same period (Fig. 4a). Conversely, the 
mean monthly number of days with other services increased 
during the 12 months post-PP3M transition compared to the 
6 months pre-transition (0.06 vs. 0.21, p < 0.0001; Fig. 4b). 
This increase was mostly driven by an increase in the mean 
monthly number of days with services received in an inde-
pendent laboratory (0.003 vs. 0.10, p < 0.0001) and monthly 
number of visits to Federally Qualified Health Centers 
(0.007 vs. 0.05, p < 0.0001). While a significant increase 
in long-term care admission costs was observed following 
PP3M transition (US$1 vs. US$99, p = 0.0280), the num-
ber of events was not sufficient to assess the increase in the 
number of admissions.

Fig. 3  Monthly healthcare costs 
per patient evaluated dur-
ing the four quarters prior to 
PP3M transition. P values were 
obtained using a non-parametric 
bootstrap procedure with 500 
replicates. *p value < 0.05. 
PP3M once-every-3-months 
paliperidone palmitate, USD US 
dollars
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4  Discussion

Among 324 patients adequately transitioning from PP1M 
to PP3M, results showed that adherence to APs signifi-
cantly improved over the four quarters preceding the tran-
sition to PP3M. The increase in pharmacy costs over the 
four quarters pre-PP3M transition was offset by decreasing 
medical costs, driven by a decrease in inpatient costs. A 
decrease in the monthly number of emergency room visits 
was also observed over the four quarters preceding the 
transition to PP3M. Adherence to APs, HRU, and costs 
remained generally similar pre- and post-PP3M initiation.

A majority of patients in the current study were from the 
state of Missouri, while only two patients were from the state 
of Kansas. This is likely due to the fact that APs are not on 
the Medicaid preferred drug list (PDL) for mental health and 
substance abuse in the state of Kansas [24, 25] and patients’ 
access to them requires a prior authorization, while PP3M 
appears on the PDLs of Iowa [26] and Missouri [27].

A recent study by Joshi et al. [22] assessed patients who 
transitioned from PP1M to PP3M and examined patients’ 
baseline characteristics and treatment patterns over a period 

Table 2  PP3M treatment patterns

Patients adequately 
transitioning from 
PP1M to PP3M
(N = 324)

Observation period, months, mean ± SD 
[median]

11.1 ± 5.7 [11.5]

 Patients with ≥ 6 months of observation 
period, n (%)

248 (76.5)

 Patients with ≥ 12 months of observation 
period, n (%)

151 (46.6)

Duration of continuous PP3M  therapya, days, 
mean ± SD [median]

243.8 ± 162.3 [197.5]

Number of PP3M claims, mean ± SD 
[median]

3.2 ± 2.0 [3.0]

Distribution of the number of PP3M claims, 
n (%)

 1 77 (23.8)
 2 71 (21.9)
 3 51 (15.7)
 4 or more 125 (38.6)

Dosing patterns
 First dose
  Patients with a first dose, n (%) 324 (100.0)
  Days since last PP1M dose, mean ± SD 

[median]
26.6 ± 12.2 [28.0]

  Dose strength (mg), n (%)
   273 2 (0.6)
   410 44 (13.6)
   546 102 (31.5)
   819 176 (54.3)

 Second dose
  Patients with ≥ 4 months of follow-up after 

first dose, n (%)
275 (84.9)

  Patients with a second dose, n (%) 240 (87.3)
  Days since last PP3M dose, mean ± SD 

[median]
102.2 ± 46.3 [90.0]

  Dose strength (mg), n (%)
    273 1 (0.4)
    410 28 (11.7)
    546 82 (34.2)
    819 129 (53.8)

 Third dose
  Patients with ≥ 4 months of follow-up after 

second dose, n (%)
201 (62.0)

   Patients with a third dose, n (%) 169 (84.1)
   Days since last PP3M dose, mean ± SD 

[median]
90.6 ± 22.0 [85.0]

   Dose strength (mg), n (%)
    273 1 (0.6)
    410 18 (10.7)
    546 57 (33.7)
    819 93 (55.0)

Table 2  (continued)

Patients adequately 
transitioning from 
PP1M to PP3M
(N = 324)

Subsequent doses
 Patients with ≥ 4 months of follow-up after 

third dose, n (%)
138 (42.6)

  Patients with a subsequent dose, n (%) 125 (90.6)
  Days between subsequent  dosesb, 

mean ± SD [median]
94. 1 ± 31.7 [86.3]

Adherence to PP3M
 Patients with ≥ 2 PP3M claims, n (%) 247 (76.2)
  MPRc, mean ± SD [median] 0.94 ± 0.14 [1.00]
  MPRc ≥ 0.80, n (%) 223 (90.3)

 Patients with ≥ 12 months of observation 
period, n (%)

151 (46.6)

  PDC at 12 monthsd, mean ± SD [median] 0.79 ± 0.24 [0.92]
  PDC ≥ 0.80, n (%) 91 (60.3)

MPR medication possession ratio, PDC proportion of days covered, 
PP1M once-monthly paliperidone palmitate, PP3M once-every-3-
months paliperidone palmitate, SD standard deviation
a Continuous PP3M therapy was defined as having a gap of no more 
than 45 days between the end of supply of a PP3M claim and the start 
of a new PP3M claim, starting from the index date
b Among patients with more than three PP3M claims and at least 
4 months of follow-up between claims
c MPR was calculated among patients with at least two claims of PP3M
d PDC was calculated as the sum of the number of unique days during 
which the patient had PP3M, divided by a fixed time interval
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of 1 year before the transition to PP3M. Patients in this 
study had similar characteristics as the patients in our sam-
ple (e.g., 33.9% were females). They showed similar results 
in baseline quarters preceding PP3M initiation, with an 
increase in the proportion of patients with a PDC of ≥ 0.80 
from 71.3% at the fourth quarter to 82.3% at the first quar-
ter prior to PP3M initiation (compared to an increase from 
66.8 to 84.6% in our study). Similar to the findings of the 
current study, Joshi et al. [22] demonstrated in their study 
a decrease in the monthly number of emergency room 

visits in quarters preceding PP3M transition (from 0.08 to 
0.06 per month). This finding and findings from the cur-
rent study are consistent with the requirement from the 
prescribing guidelines that patients be adequately treated 
with PP1M prior to the transition to PP3M. In phase 3 tri-
als, low symptom severity, consistent with low utilization 
of emergency room and inpatient services, was part of the 
requirements to be considered adequately treated [20, 21]. 
Adherence to PP3M was also similar to the current study, 

A Costs 
Mean monthly cost difference (95% CI)

All-cause pharmacy and medical costs $86 (-486, 504)

Pharmacy costs $65 (-67, 208)

Medical costs $21 (-510, 428)

Outpatient visits -$18 (-96, 52)

Emergency room visits -$2 (-12, 6)

Inpatient visits $74 (-32, 208)

Long-term care admissions $98 (19, 209)*

Mental-health institute admissions -$97 (-643, 237)

One-day mental-health institute outpatient visits -$28 (-54, -6)*

Home care -$35 (-91, 33)

Other services $29 (-18, 111)

-$700 -$600 -$500 -$400 -$300 -$200 -$100 $0 $100 $200 $300 $400 $500 $600 $700

More costly before PP3M initiation More costly after PP3M initiation

B HRU

All-cause medical services Rate ratio (95% CI)

Outpatient visits 0.99 (0.87, 1.14)

Emergency room visits 1.10 (0.85, 1.48)

Inpatient visits 0.96 (0.65, 1.35)

Total days with inpatient services 0.90 (0.50, 1.46)

Long-term care admissions NE

Total days in long-term care NE

Mental institute admissions 0.85 (0.70, 1.03)

Total days with mental-health institute services 0.64 (0.33, 1.24)

One-day mental institute admissions 0.88 (0.80, 0.96)*

Home care 0.94 (0.79, 1.12)

Other services 3.52 (2.35, 5.53)*

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

More likely before PP3M initiation More likely after PP3M initiation

Fig. 4  Comparison of monthly HRU and costs 6  months before 
and 12  months after transition to PP3M. P  values were obtained 
using a non-parametric bootstrap procedure with 500 replicates. 

*p value < 0.05. CI confidence interval, HRU healthcare resource uti-
lization, NE not evaluable, PP3M once-every-3-months paliperidone 
palmitate
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as 95.6% of patients had an MPR of ≥ 0.80, and 81.7% of 
patients had a 6-month PDC of ≥ 0.80.

The algorithm used in the current study and in Joshi 
et al. [22] to define adequate treatment with PP1M prior to 
transition to PP3M has been developed to mimic the PP3M 
clinical trial protocol [20, 21]. However, treating health-
care providers may have clinical reasons for not conform-
ing with the guidelines in certain circumstances where 
individualized patient care is required. Hence, observed 
findings may differ from the prescribing guidelines in the 
real-world practice of psychiatry. It is also possible that 
some of the initial claims for PP1M were not captured in 
the data (e.g., samples). Nevertheless, findings are consist-
ent across both studies, as > 50% of patients transitioned 
from PP1M to PP3M as per prescribing guidelines [22].

Schizophrenia therapy with OAAs has been compared to 
LAI therapy (including PP1M) in several studies looking at 
different populations of patients as well as different outcomes 
such as treatment adherence, HRU, and costs. LAI therapy has 
been shown to improve adherence rate (i.e., PDC ≥ 0.80) in 
patients with schizophrenia by more than 8 percentage points 
compared to OAA therapy (p < 0.001), while reducing the 
likelihood of discontinuation, with patients on OAAs having 
a 20% higher chance of discontinuation than those on LAIs 
(p < 0.001) [28]. Within the population of patients who had 
recently been diagnosed with schizophrenia, the improvement 
in adherence rate to PP1M was more than 7 percentage points 
higher compared to OAA therapy (p < 0.0001) [6]. PP1M 
treatment was also shown in previous studies to be associated 
with lower medical costs, offsetting higher pharmacy costs and 
resulting in similar total healthcare costs, compared to OAAs 
[11–13, 15]. Likewise, PP1M was found to be associated with 
a significant reduction in all-cause institutional costs, risk of 
hospital readmission, and number of emergency room visits 
compared to OAAs following index hospital discharge [14].

In the current study, adherence to APs, HRU, and costs 
remained similar pre- and post-PP3M transition, suggesting 
that PP3M has no impact on monthly healthcare costs for 
patients adequately treated with PP1M. Particularly, phar-
macy costs remained similar pre- and post-PP3M initiation, 
which is expected since PP3M unit price is three times the 
price of PP1M. As an example, the current wholesale acquisi-
tion cost of PP1M 234 mg is US$2501.69, while the current 
wholesale acquisition for PP3M 819 mg is US$7505.07 [29]. 
The choice of the 6-month period pre-PP3M initiation as 
a comparator to the 12-month period post-PP3M initiation 
was driven by the fact that HRU and costs during this period 
were most likely evaluated during a period of stable use of 
PP1M. If the 12-month period pre-initiation had been cho-
sen instead, HRU and costs may have been captured during 
a period where patients were not yet initiated and stabilized 
on PP1M.

Although the literature available on the comparison of 
PP1M versus OAAs and the findings of the current study 
could suggest that conclusions related to adherence, HRU, 
and costs could hold if the authors were to compare OAAs 
and PP3M, there is a need for a direct comparison of OAAs 
and PP3M to confirm this statement.

The findings of the current study could be of particular 
interest to insurance payers and policy makers, since results 
show that the transition to PP3M does not increase health-
care costs. It is also useful to clinicians, since the transi-
tion to PP3M does not impact adherence or HRU, while 
having the benefit of a more flexible dosing schedule. This 
could potentially lead to an increased quality of life for these 
patients. The current study is subject to limitations inherent 
to the use of claims databases. The Medicaid data used in 
this study covered only three states and may not be rep-
resentative of the US population, including other states or 
patients not covered by Medicaid. Moreover, the definition 
of adherence based on information in claims data does not 
necessarily reflect actual medication use by patients; there-
fore, results in this study may have overestimated adher-
ence. Similar to other claims data, the data used in this 
study may be subject to billing inaccuracies and missing 
data. Furthermore, costs were based on the Medicaid payers’ 
perspectives and reflected amounts paid by state Medicaid 
programs; therefore, out-of-pocket and direct non-medical 
costs from the patient’s perspective were not available. In 
addition, these amounts do not take into account discounts 
or rebates; therefore, pharmacy costs may have been overes-
timated. Finally, the pre-post study design used to compare 
adherence, HRU, and costs before and after PP3M initiation 
imposes a lack of external validation on the study findings 
as each individual is his/her own control. In this type of 
design, time-dependent factors that may not be observable in 
administrative claims data could have impacted the results, 
but could not be taken into account.

5  Conclusions

In this Medicaid population of patients with schizophrenia, 
adherence to APs, HRU, and spending remained similar 
before and after PP3M initiation. These findings suggest 
that PP3M has no impact on monthly healthcare costs for 
patients adequately treated with PP1M, with the added flex-
ibility of once-every-3-months dosing.
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