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Abstract
Background Schizophrenia is one of the leading causes of disability. Paliperidone palmitate once-monthly injection (PP1M) 
was developed to provide consistent drug delivery and improve medication adherence for maintenance treatment. It is well 
known that patients with schizophrenia have higher cardiovascular risks, however little is known about the cardiovascular 
risks of patients with schizophrenia treated with PP1M in Asia.
Objective This study aimed to estimate the incidence of cardiovascular events after initiating PP1M treatment and evaluate 
the cardiovascular risk associations compared with oral second-generation antipsychotics (SGAs).
Methods Data from Taiwan’s National Health Insurance Research Database were used to identify a cohort of adult patients 
with schizophrenia who received any SGAs from 1 March 2012 to 31 December 2018. Patients who initiated PP1M treatment 
were enrolled for descriptive analysis of incidence rates. PP1M patients were propensity matched 1:1 to patients initiating 
a new oral SGA, for comparative analysis based on demographics, clinical characteristics and treatment history at baseline, 
in three-step matching procedures, following the prevalent new-user design to enhance comparability. Follow-up ended at 
the end of the treatment episode of index drug, death, last record available, or end of the study (31 December 2019). Study 
endpoints included serious cardiovascular events (including severe ventricular arrhythmia and sudden death), expanded 
serious cardiovascular events (which further included acute myocardial infarction and ischemic stroke), and cardiovascular 
hospitalizations. Risks of study endpoints between matched cohorts were compared using Cox regression.
Results Overall, 11,023 patients initiating PP1M treatment were identified (49.5% were females; mean age of 43.2 [12.2] 
years). Overall incidences for serious cardiovascular events, expanded serious cardiovascular events, and cardiovascular 
hospitalizations were 3.92, 7.88 and 51.96 per 1000 person-years, respectively. In matched cohort analysis (N = 10,115), 
the hazard ratios (HRs) between initiating PP1M and a new oral SGA for serious cardiovascular events, expanded serious 
cardiovascular events, and cardiovascular hospitalizations were 0.86 (95% confidence interval [CI] 0.55–1.36), 0.88 (95% 
CI 0.63–1.21), and 0.78 (95% CI 0.69–0.89), respectively.
Conclusion This study reported the population-based incidence of cardiovascular events in schizophrenic patients initiating 
PP1M treatment. PP1M was not associated with increased risks of serious cardiovascular events but was potentially associ-
ated with lower risks of cardiovascular hospitalizations compared with oral SGAs.

1 Introduction

Schizophrenia is one of the top 15 leading causes of dis-
ability worldwide [1] and affects an estimated 0.28% of 
the global population and 0.42% of the population in Asia 
[2]. It is a chronic disorder necessitating long-term phar-
macological treatment with antipsychotics [3]. It is well 

known that patients with schizophrenia have higher risks 
of cardiovascular events [4, 5], yet the underlying mecha-
nisms have not been fully understood until now. Potential 
causal factors include poor diet and lifestyles, substance 
abuse, cardiometabolic dysfunctions, and metabolic- and 
cardiac-related adverse effects of antipsychotics [6, 7]. 
Previous studies have revealed that the use of antipsy-
chotics may be linked to severe ventricular arrhythmia 
(SVA) through prolongation of the corrected QT interval 
and torsade de pointes [8, 9], as well as ischemic car-
diovascular events such as acute myocardial infarction 
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(AMI) and ischemic stroke (IS), potentially resulting 
from weight gain, metabolic dysregulation, or cardiac 
arrhythmia [10–12]. Antipsychotic use has been associ-
ated with an increased risk of death, including sudden 
cardiac death [13, 14]. It is important to note that while 
current evidence remains inconclusive, previous studies 
suggest the associations may vary across different types 
of antipsychotics and may potentially be drug-specific [9, 
11]. Considering the potential impacts of antipsychotics 
on the cardiovascular system, it is recommended to imple-
ment cardiovascular risk management strategies such as 
electrocardiogram (ECG) monitoring, particularly when 
initiating antipsychotic treatment [15] for individuals with 
established cardiovascular risk factors or those who are 
at an increased risk of cardiovascular events [16]. As the 
cardiovascular risks may be different across antipsychot-
ics, it is essential to establish the cardiovascular risk pro-
files for more precise risk evaluation and management in 
clinical practice.

In recent decades, there has been a notable worldwide 
shift in the treatment of schizophrenia from first-
generation antipsychotics (FGAs) to second-generation 
antipsychotics (SGAs) [17, 18], mainly due to a more 
favorable safety profile of SGAs [19]. Alongside orally 
administered antipsychotics, long-acting injectable 
(LAI) antipsychotics have been developed to improve 
medication adherence for long-term maintenance 

treatment and minimize the risk of relapse compared with 
existing oral counterparts [20, 21]. Meanwhile, there is an 
upward trend in the use of LAI antipsychotics (including 
LAI SGAs) globally and in Asia [22, 23]. Moreover, the 
use of LAI SGAs has been recommended for patients 
experiencing a first episode, in several clinical practice 
guidelines globally in the recent 10-year period [24]. 
Specifically for Taiwan, the consensus statements 
by the Taiwan Society of Biological Psychiatry and 
Neuropsychopharmacology (TSBPN) suggests that LAI 
antipsychotics can be a treatment option for all patients 
with schizophrenia, including first-episode patients [25]. 
Paliperidone palmitate once-monthly injection (PP1M), 
which is a commonly used LAI SGA in clinical practice 
[26], has been associated with significant improvements 
in symptoms of schizophrenia, enhanced persistence 
and adherence to treatment [27], and reduction of 
hospitalizations and relapse [28–30]. Despite the 
established safety and tolerability profile of PP1M 
treatment in patients with schizophrenia in controlled 
clinical trial settings [28–32], its increased use in clinical 
practice highlights the need for further population-
level evidence regarding any potential association with 
serious cardiovascular events (SVA and sudden death, 
AMI and IS) or more general cardiovascular risks. This 
is particularly crucial for the Asian population for whom 
such evidence is currently greatly limited. Obtaining such 
evidence will contribute to a better understanding of the 
appropriate use of PP1M in clinical practice.

In the present study, we aimed to evaluate the risk 
associations between the use of PP1M and cardiovascu-
lar events: (1) estimate the incidence rates of cardiovas-
cular events among adult patients with schizophrenia or 
schizoaffective disorder who initiated PP1M treatment in 
Taiwan, and (2) assess the risk associations of cardiovas-
cular events between the use of PP1M versus oral SGAs.

2  Methods

2.1  Data Sources

Taiwan’s National Health Insurance Research Database 
(NHIRD) is a population-based claims database and covers 
more than 99% of the population in Taiwan [33]. The data-
base offers comprehensive clinical information, including 
demographics, dispensed prescription drugs, and medical 
services provided, with diagnoses coded in International 
Classification of Diseases (ICD), Ninth Revision, Clini-
cal Modification (ICD-9-CM) until 2016, and by the ICD 
10th Revision (ICD-10) thereafter. Death information was 

Key Points 

This study presents the first report on population-based 
incidence rates of cardiovascular events among patients 
with schizophrenia initiating paliperidone palmitate 
once-monthly injection (PP1M) treatment. The over-
all incidence rates for serious cardiovascular events, 
expanded serious cardiovascular events, and cardiovas-
cular hospitalizations were 3.92, 7.88, and 51.96 per 
1000 person-years, respectively.

Initiating PP1M treatment was not associated with 
increased risks of serious cardiovascular events but was 
associated with 22% decreased risks of cardiovascular 
hospitalizations compared with initiating a new oral 
second-generation antipsychotic.

The results from this study contribute to the growing 
real-world evidence of safety for long-acting inject-
able antipsychotics at the population level, and provide 
additional insights into the cardiovascular risk profile of 
PP1M.
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obtained through linkage to the National Death Registry 
with a unique and anonymous identifier at patient level.

2.2  Study Design and Population

This was a retrospective, longitudinal cohort study among 
adult patients with a confirmed diagnosis of schizophrenia 
(ICD-9: 295.x, except 295.7; ICD-10: F20.x) or schizoaf-
fective disorder (ICD-9: 295.7; ICD-10: F25.x), of any sex 
(non-missing), who were treated with at least one SGA 
in the NHIRD from 1 March 2012 to 31 December 2018 
in Taiwan (see Online Resource Fig. S1). Patients who 
received at least one prescription of PP1M were identified 
as the primary study group. The cohort entry was defined 
as the date of PP1M initiation, and baseline period was 
defined as 2 years prior to the date of cohort entry. The 
study’s follow-up ended at the end of the treatment episode 
of PP1M, death, last record available, or end of the study 
period (31 December 2019), whichever came first. In the 
primary study group, treatment episode was defined as a 
period of continuous treatment that ended when a prescrip-
tion gap of ≥ 60 days (grace period, follow-up ended at the 
start of the gap period) was observed for PP1M. The group 
of all PP1M ever users was used to estimate the incidence 
rates of cardiovascular events for descriptive analysis.

For comparative analysis, to facilitate a comparative 
assessment of the risk associations of cardiovascular 
events between PP1M and oral SGAs, we utilized a prev-
alent new-user design [34, 35] to identify a comparator 
group (initiating a new oral SGA). This design allowed for 
the identification and matching of the patients who initi-
ated a new oral SGA and shared a similar treatment history 
of antipsychotics, clinical and demographic characteristics 
at baseline, and index date with PP1M users in the primary 
study group. The cohort entry for oral SGA comparators 
was defined as the date of initiation of the new oral SGA 
to establish meaningful comparisons between the two 
treatment groups while appropriately accounting for prior 
treatment exposures and baseline characteristics (Fig. 1). 
Following a three-step procedure [34, 35], each patient 
initiating PP1M treatment was first matched with other 
patients who initiated a new oral SGA based on calendar 
time of cohort entry (± 180 days), treatment duration of 
the most recent treatment episode of an SGA before cohort 
entry (± 90 days), visit type at cohort entry (inpatient or 
outpatient), and history of cardiovascular hospitalizations 
at baseline. Next, conditional logistic regression was per-
formed to obtain the propensity score (PS) of initiating 
treatment of PP1M or a new oral SGA, stratified by stra-
tums consisting of each patient initiating PP1M treatment 

and their respective set of potential oral comparators, 
based on selected baseline characteristics, including age at 
cohort entry, Charlson Comorbidity Index (CCI) [36, 37] 
score, psychiatric comorbidity and hospitalization, number 
of cardiovascular hospitalizations, cumulative exposures 
to SGAs or FGAs, and other important co-medications 
(Online Resource Table S3). Finally, each patient who 
initiated PP1M treatment was 1:1 matched with an oral 
SGA comparator within their respective set of potential 
oral comparators, using nearest-neighbor matching with 
a caliper of 0.2 standard deviation (SD) of logit PS [38] 
without replacement. Matching performance was assessed 
using standardized mean differences (SMDs) [39] between 
the primary study group and the oral comparator group. 
The follow-up ended at the end of the treatment episode of 
index oral SGAs (defined as a treatment gap of ≥ 45 days 
without any prescriptions of index oral SGAs, sensitivity 
analysis was conducted using an alternative definition of 
‘grace period’ of 30 days for both groups), and otherwise 
similar to the primary study group.

2.3  Study Endpoints

Serious cardiovascular events potentially leading to death 
and overall cardiovascular risks were the primary focus for 
the current study. Previous studies suggested that paliperi-
done causes a modest increase in corrected QT interval, 
which is a risk factor to SVA and sudden death. The first 
study endpoint of serious cardiovascular events was the 
composite outcome of the following: SVA, including par-
oxysmal ventricular tachycardia, ventricular fibrillation, 
ventricular flutter, or cardiac arrest; and sudden death, 
which was defined as records filed with codes for instan-
taneous death, death occurring in < 24 h from onset of 
symptoms, or death attributed to SVA following validated 
definitions in previous studies [40–42]. Furthermore, to 
assess the effects of PP1M on more expanded definitions 
of serious cardiovascular events in accordance with major 
adverse cardiovascular events, an endpoint of expanded 
serious cardiovascular events to include AMI and IS in 
addition to the first study endpoint was used. Finally, to 
assess the more general cardiovascular risks of the study 
drug in addition to serious cardiovascular events, the end-
point of cardiovascular hospitalizations was used. We 
identified patients with the above‐mentioned outcomes 
during the study period through the medical records from 
emergency department visits or hospitalization claims data 
in the NHIRD and the death records from the National 
Death Registry. A complete list of ICD codes is listed in 
Online Resource Table S2.

The overall incidence rate of serious cardiovascular 
events and cardiovascular hospitalizations during 
follow-up was estimated as the number of serious 
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cardiovascular events or cardiovascular hospitalizations 
divided by the total number of person-years of the 
follow-up.

2.4  Statistical Analysis

To assess risk associations of serious cardiovascular 
events and cardiovascular hospitalizations between PP1M 
and oral SGAs, a Cox regression [43] model was used. 
Risk associations are presented as hazard ratios (HRs) and 
95% confidence intervals (CIs). Both unadjusted HRs and 
adjusted HRs after matching were generated, with dou-
ble-adjustment of baseline characteristics including age, 
baseline CCI score, psychiatric comorbidity and hospi-
talization, number of cardiovascular hospitalizations, and 
co-medications, as previous studies suggested additional 
benefit of double-adjustment considering residual imbal-
ance of covariates after PS matching [44].

In the secondary analysis to investigate the risks of car-
diovascular events of interest for paliperidone palmitate 
LAIs, follow-up was extended in the primary study group 
to the end of the paliperidone palmitate every 3-month 
injection (PP3M) treatment episode for patients who 
switched to PP3M from PP1M (180 days as the grace 
period), and the follow-up in the oral comparator group 
was extended to the end of the treatment episode of any 
oral SGAs accordingly.

In sensitivity analysis, the potential effects of ‘grace 
period’ on the length of follow-up were explored by repeat-
ing the primary analysis using an alternative definition of 
‘grace period’ of 30 days for both PP1M users and the oral 
SGA comparators.

P values < 0.05 were considered statistically significant. 
All analyses were conducted using SAS 9.4 (SAS Institute 
Inc., Cary, NC, USA).

3  Results

We identified 11,023 patients (5567 [50.5%] were men and 
5456 [49.5%] were women, with a mean [SD] age of 43.2 
[12.2] years) who initiated use of PP1M between 2012 and 
2018 (see Online Resource Fig. S1).

The baseline characteristics of the primary study 
group before matching are shown in Table 1. More than 
37% of patients had a prior psychiatric comorbidity and 

nearly 60% of patients had any psychiatric hospitalization 
at baseline. Overall, the mean duration of follow-up in 
the study population was 1.04 (SD 1.22) years. During 
follow-up, any serious cardiovascular events (SVA/
sudden death) occurred in 45 of PP1M ever users, with 
an overall incidence rate of 3.92 (95% CI 2.86–5.25) per 
1000 person-years. Any expanded serious cardiovascular 
events (SVA/sudden death/AMI/IS) occurred in 90 PP1M 
ever users, with an overall incidence rate of 7.88 (95% CI 
6.33–9.68) per 1000 person-years. Lastly, cardiovascular 
hospitalizations occurred in 571 PP1M users, with an 
overall incidence rate of 51.96 (95% CI 47.78–56.40) per 
1000 person-years.

For assessment of the risk associations of cardiovas-
cular events between initiating treatment of PP1M and a 
new oral SGA, the study cohort finally included 10,115 
(92%) patients initiating PP1M use, who were matched 
1:1 to 10,115 patients initiating use of a new oral SGA. 
Patients initiating PP1M use had a similar baseline profile 
to those initiating a new oral SGA, with SMDs of all base-
line covariates < 0.1 (Table 1). Overall, the mean duration 
of follow-up in the primary study group was 1.05 (SD 
1.24) years, and the mean duration of follow-up in the 
oral comparator group was 0.74 (SD 1.10) years. Dur-
ing follow-up, serious cardiovascular events (SVA/sudden 
death) occurred in 40 patients in the primary study group 
and 35 patients in the oral comparator group, with an over-
all incidence rate of 3.76 (95% CI 2.68–5.12) per 1000 
person-years in the primary study group versus 4.70 (95% 
CI 3.28–6.54) per 1000 person-years in the matched oral 
comparator group. Expanded serious cardiovascular events 
(SVA/sudden death/AMI/IS) occurred in 81 patients in the 
primary study group and 69 patients in the oral compara-
tor group, with an overall incidence rate of 7.64 (95% CI 
6.07–9.49) per 1000 person-years in the primary study 
group versus 9.31 (95% CI 7.24–11.78) per 1000 person-
years in the matched oral comparator group. Cardiovas-
cular hospitalizations occurred in 488 patients in the pri-
mary study group and 483 patients in the oral comparator 
group, with an overall incidence rate of 47.73 (95% CI 
43.59–52.16) per 1000 person-years in the primary study 
group versus 68.43 (95% CI 62.46–74.81) per 1000 person 
years in the matched oral comparator group. There were 
non-significant reduced risks of serious cardiovascular 
events (HR 0.86, 95% CI 0.55–1.36) or expanded seri-
ous cardiovascular events (HR 0.88, 95% CI 0.63–1.21), 
and 22% decreased risk of cardiovascular hospitalizations 
(HR 0.78, 95% CI 0.69–0.89; p = 0.0002) associated with 
initiating PP1M use compared with initiating a new oral 
SGA use (Table 2).

In secondary analysis, the observations were extended 
in the primary study group to the end of the PP3M treat-
ment episode for those who switched to PP3M from PP1M. 

Fig. 1  Study design. a Overall study design indicating primary study 
group and oral comparator group, and matched key characteristics 
between groups. b Time windows for assessment of exposures, out-
comes, and covariates. PP1M paliperidone palmitate once-monthly 
injection, SGA second-generation antipsychotic

◂
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For the matched cohort, the overall incidence rates of seri-
ous cardiovascular events, expanded serious cardiovascular 
events, and cardiovascular hospitalizations were 3.89 (95% 
CI 2.85–5.18), 7.89 (95% CI 6.37–9.66) and 45.42 (95% 
CI 41.58–49.51) per 1000 person-years, respectively, for 
the primary study group, versus 4.72 (95% CI 3.76–5.84), 
8.58 (95% CI 7.27–10.05), and 57.47 (95% CI 53.86–61.26) 
per 1000 person-years, respectively, for the matched oral 
comparator group. The HRs between the primary study and 
oral comparator groups for serious cardiovascular events, 
expanded serious cardiovascular events, and cardiovascu-
lar hospitalizations were 0.84 (95% CI 0.59–1.22), 0.90 
(95% CI 0.69–1.17), and 0.78 (95% CI 0.70–0.87), respec-
tively, which were at similar levels as the primary analysis 
(Table 3). Furthermore, consistent results of comparative 
risks of cardiovascular events of interest as primary analysis 
were observed in sensitivity analysis when an alternative 
definition of ‘grace period’ was applied (Table 4).

4  Discussion

This study estimated the incidence of cardiovascular events 
after initiating PP1M treatment, and further evaluated the 
comparative cardiovascular risk associations. Compared 
with oral SGAs, we found that use of PP1M was not asso-
ciated with increased risk of serious cardiovascular events 
but was potentially associated with lower risk of cardiovas-
cular hospitalizations. To our knowledge, this is the first 
study to report population-based incidence rates of serious 
cardiovascular events and cardiovascular hospitalizations 
among patients with schizophrenia treated with PP1M, and 
to evaluate the associations between use of PP1M and risk 
of cardiovascular events in clinical practice among Asian 
populations.

The incidence rate of serious cardiovascular events, 
including SVA and sudden death, after initiating treatment 
of PP1M was 3.92 per 1000 person-years. The majority of 
previous studies investigating the cardiovascular effects 
of antipsychotics exposure have primarily focused on out-
comes such as sudden cardiac death, myocardial infarction, 
or stroke in the past decades [12, 45]. Only a few stud-
ies reported the incidence rates of serious cardiovascular 
events, including SVAs as defined in this study. Assessing 
the effects of antipsychotics on life-threatening arrhythmias 
such as SVAs is crucial for a comprehensive understand-
ing of the cardiovascular impact of these medications. In a 
cohort study using three US Medicaid administrative data-
sets, the incidence rates of SVA and sudden death, as defined 
in the present study, were reported for patients treated with 
four commonly used oral antipsychotics (haloperidol, thiori-
dazine, clozapine, and risperidone), and the incidence rates 
ranged from 2.2 to 5.0 per 1000 person-years [46]. Another 

retrospective cohort study using Medicaid data from five 
states reported an overall incidence rate of sudden death/
SVA of 3.4 per 1000 person-years for incident antipsychotic 
users [47]. The incidence rates of serious cardiovascular 
events for oral antipsychotics documented in those two 
previous studies in the US were similar to the findings for 
PP1M in the present study, in which the incidence rates of 
serious cardiovascular events of an injectable antipsychotic 
were estimated for the first time and the limited evidence 
was further supplemented for Asian populations.

We further found that in the present study, PP1M treat-
ment was not associated with a higher risk of serious and 
life-threatening cardiovascular events (HR 0.86) compared 
with oral SGAs. Few studies have previously examined the 
risk associations between LAI antipsychotic treatment and 
serious cardiovascular events, although meta-analyses and 
real-world studies suggested that use of LAIs was not associ-
ated with elevated risks of all-cause death, sudden death or 
cardiovascular death, or was associated with lower mortality 
compared with oral antipsychotics [42, 48, 49]. Furthermore, 
the null risk associations for expanded serious cardiovascu-
lar events (HR 0.88) reflected no elevated risks for a larger 
set of serious cardiovascular events associated with PP1M 
treatment, and such evidence can be used to enrich cardio-
vascular risk profiles for PP1M. Moreover, regarding more 
general cardiovascular risks of antipsychotics, the current 
study found that patients treated with PP1M were associ-
ated with lower risks of cardiovascular hospitalizations (HR 
0.78). This finding is consistent with a recent study which 
reported that full treatment with LAIs was associated with a 
12% decrease in hospitalizations for cardiovascular diseases 
(incidence rate ratio 0.88, 95% CI 0.81–0.96), compared 
with full treatment with oral antipsychotics [50]. In compari-
son with the present study, the use of a self-controlled design 
and inclusion of both FGAs and SGAs for oral and LAI for-
mulations in the analysis may influence the point estimate of 
the HRs (0.78 vs. 0.88). On the basis of analyses for all three 
cardiovascular endpoints, PP1M showed comparable risks as 
oral SGAs or even more benefits. One possible explanation 
is that schizophrenia has been associated with increased car-
diovascular risks, although the mechanisms remain unclear 
[4, 5]. If the relapse of schizophrenia symptoms directly con-
tributes to elevated risks of cardiovascular events, improving 
treatment adherence and preventing relapse through the use 
of LAIs may decrease the incidence of cardiovascular dis-
eases among patients with schizophrenia. To validate these 
findings, a meta-analysis of randomized controlled trials 
is needed, and potential underlying mechanisms should be 
examined in future studies if such associations are proved 
to be causal.

In a secondary analysis, the present study observed com-
parable or lower risks of cardiovascular events of interest 
when comparing the exposure to PP3M alongside PP1M 
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Table 1  Baseline characteristics of patients who initiate treatment of PP1M (before and after matching) and a new oral SGA (after matching)

Characteristics Before matching After matching SMD

All PP1M ever users PP1M Oral SGAs

No. of patients 11,023 10,115 10,115
Baseline demographics
Sex 0
 Male 5567 (50.5) 5117 (50.6) 5117 (50.6)
 Female 5456 (49.5) 4998 (49.4) 4998 (49.4)

Age at index, years 0.003
 Mean (SD) 43.2 (12.2) 43.2 (11.9) 43.2 (12.0)

Age group, years –
 18–34 2806 (25.5) 2527 (25.0) 2552 (25.2)
 35–44 3274 (29.7) 3054 (30.2) 3045 (30.1)
 45–54 2870 (26.0) 2672 (26.4) 2643 (26.1)
 55–64 1603 (14.5) 1471 (14.5) 1488 (14.7)
 ≥ 65 470 (4.3) 391 (3.9) 387 (3.8)

Index year 0
 2013 4 (0.0) 4 (0.0) 4 (0.0)
 2014 798 (7.2) 757 (7.5) 757 (7.5)
 2015 1920 (17.4) 1819 (18.0) 1819 (18.0)
 2016 2218 (20.1) 2041 (20.2) 2041 (20.2)
 2017 2906 (26.4) 2648 (26.2) 2648 (26.2)
 2018 3177 (28.8) 2846 (28.1) 2846 (28.1)

Baseline clinical characteristics
CCI score − 0.006
 Mean (SD) 0.5 (1.0) 0.5 (1.0) 0.5 (1.0)

CCI score group –
 0 7994 (72.5) 7393 (73.1) 7405 (73.2)
 1 1916 (17.4) 1723 (17.0) 1690 (16.7)
 2 669 (6.1) 608 (6.0) 601 (5.9)
 ≥ 3 444 (4.0) 391 (4.0) 419 (4.0)

Cumulative treatment duration of oral/LAI SGA during baseline, days − 0.03
 Mean (SD) 395.9 (243.5) 383.5 (244.9) 391.8 (264.0)

Cumulative treatment duration of oral/LAI FGA during baseline, days 0.01
 Mean (SD) 89.3 (179.8) 87.3 (179.0) 84.7 (182.8)

Psychiatric comorbidity at baseline −0.02
 No psychiatric comorbidity 6930 (62.9) 6333 (62.6) 6247 (61.8)
 Had any psychiatric comorbidity 4093 (37.1) 3782 (37.4) 3868 (38.2)
  Bipolar 1339 (12.2) 1199 (11.9) 1432 (14.2)
  Major depressive disorders 1296 (11.8) 1206 (11.9) 1325 (13.1)
  Anxiety disorders 1975 (17.9) 1837 (18.2) 1735 (17.2)
  Substance abuse disorders 715 (6.5) 650 (6.4) 739 (7.3)

Psychiatric hospitalization at baseline 0.003
 Yes 6501 (59.0) 5754 (56.9) 5740 (56.8)
 No 4522 (41.0) 4361 (43.1) 4375 (43.3)

No. of psychiatric hospitalizations 0.06
 Mean (SD) 1.3 (2.0) 1.2 (1.7) 1.1 (1.5)

Visit type at index 0
 Inpatient 4074 (37.0) 3677 (36.4) 3677 (36.4)
 Outpatient 6949 (63.0) 6438 (63.7) 6438 (63.7)

Cardiovascular hospitalizations at baseline 0
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with the exposure to any oral SGAs within a treatment epi-
sode. These findings suggest that there were no additional 
serious cardiovascular risks or potentially lower risks of 
more general cardiovascular risks associated with PP1M 
and PP3M use compared with oral SGAs, as measured by 
serious cardiovascular events, expanded serious cardiovas-
cular events, and cardiovascular hospitalizations. However, 
it is important to note that these findings are exploratory in 
nature. Patients who further switched from PP1M to PP3M 
may show good tolerance to PP1M and the medication deliv-
ery change prior to clinical decisions of switching by clini-
cians, and those selected patients may naturally have lower 
risks of cardiovascular events after exposure to paliperidone 
LAIs. Future studies are needed to confirm and validate our 
findings. Additionally, as the definition of ‘grace period’ 

for study drug or oral comparators may influence duration 
of follow-up and estimates of incidence rate for outcomes, 
a sensitivity analysis with different definitions of ‘grace 
period’ was conducted to address potential inaccuracy in 
exposure assessment. The consistent results across these 
analyses indicated the robustness of our findings.

Most psychiatrists, especially in Asia, adopt a cau-
tious approach when prescribing LAIs [51–53]. Concerns 
regarding potential adverse effects (including cardiovascular 
complications) expressed by both psychiatrists and patients 
contribute to this conservative attitude [54]. However, 
accumulating scientific evidence consistently demonstrates 
the overall benefits or comparable risks of LAIs compared 
with oral antipsychotics across various outcomes related 
to effectiveness, efficacy, safety, and quality of life [55]. 

Data are expressed as n (%) unless otherwise specified
CCI Charlson Comorbidity Index, FGA first-generation antipsychotic, LAI long-acting injectable, PP1M paliperidone palmitate once-monthly 
injection, SD standard deviation, SGA second-generation antipsychotic, SMD standardized mean difference

Table 1  (continued)

Characteristics Before matching After matching SMD

All PP1M ever users PP1M Oral SGAs

 Yes 1198 (10.9) 898 (8.9) 898 (8.9)
 No 9825 (89.1) 9217 (91.1) 9217 (91.1)

No. of cardiovascular hospitalizations 0.003
 Mean (SD) 0.2 (1.0) 0.2 (0.7) 0.2 (0.7)

Co-medication for other psychological diseases at baseline −0.008
 Antidepressants 4463 (40.5) 4151 (41.0) 4193 (41.5)

Co-medication for cardiovascular disease at baseline 0.001
 No co-medication 10,771 (97.7) 9890 (97.8) 9892 (97.8)
 Had any co-medication 252 (2.3) 225 (2.2) 223 (2.2)
  Antiarrhythmics 230 (2.1) 206 (2.0) 201 (2.0)
  Digoxin and other inotropic agents 29 (0.3) 24 (0.2) 32 (0.3)

Table 2  Cardiovascular event risks in a matched cohort analysis among patients initiating PP1M treatment compared with patients initiating a 
new oral SGA treatment

CI confidence interval, HR hazard ratio, PP1M paliperidone palmitate once-monthly injection, PYs person-years, Ref reference, SGA second-
generation antipsychotic

 Event No. of patients No. of events Person-years Incidence rate [per 
1000 PYs (95% CI)]

Matched HR (95% CI) Adjusted HR (95% CI)

Outcome 1: Serious cardiovascular events
 Primary study group 10,115 40 10,647.07 3.76 (2.68–5.12) 0.81 (0.51–1.28) 0.86 (0.55–1.36)
 Oral comparator group 10,115 35 7438.97 4.70 (3.28–6.54) Ref Ref

Outcome 2: Expanded serious cardiovascular events
 Primary study group 10,115 81 10,606.05 7.64 (6.07–9.49) 0.84 (0.61–1.16) 0.88 (0.63–1.21)
 Oral comparator group 10,115 69 7414.06 9.31 (7.24–11.78) Ref Ref

Outcome 3: Cardiovascular hospitalizations
 Primary study group 10,115 488 10,224.05 47.73 (43.59–52.16) 0.73 (0.65–0.83) 0.78 (0.69–0.89)
 Oral comparator group 10,115 483 7058.60 68.43 (62.46–74.81) Ref Ref
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Accordingly, the consensus statements by the TSBPN indi-
cated that LAIs can be an available treatment for all patients 
with schizophrenia, including patients experiencing a first 
episode [25]. Specifically for PP1M, a review summarized 
its overall safety profile [56], including its potential cardio-
vascular adverse effects, however no quantitative incidence 
rates of cardiovascular events were documented, possibly 
due to the limited number of studies and/or small sample 
size of previous clinical trials. In the context of our current 
analysis, which supplements existing evidence by assessing 
population-based incidence rates and risk associations for 
cardiovascular events, if the advantages for LAIs in prompt-
ing medication adherence are taken into account, particu-
larly for non-compliant individuals, the active consideration 
of PP1M to achieve better long-term outcomes should be 
encouraged in clinical practice.

This study has several strengths. One of the major strengths 
is the population-based analysis and the completeness and 
accuracy of data in terms of antipsychotic treatments, car-
diovascular events of interest, and recognized important 
covariates. The ability to include nearly 100% of national 
health insurance-covered patients enables accurate estimate 
of population-based incidence rates. Second, the study design 
maximized the inclusion of PP1M users in real-world settings 
and enabled direct comparisons by identifying oral compara-
tors in three-step matching procedures to ensure comparable 
demographic characteristics, recent and long-term exposure 
to antipsychotics, and disease conditions at baseline between 
groups. Using the calendar time for matching reduced the 
effects of time-related bias (e.g., immortal bias). Furthermore, 
comparing PP1M with oral SGAs used by patients with simi-
lar psychiatric clinical characteristics and treatment history 
at baseline could minimize confounding by indication. While 

Table 3  Cardiovascular event risks in a matched cohort analysis 
among patients initiating PP1M treatment compared with patients 
initiating a new oral SGA treatment (secondary analysis: observation 

extended to PP3M for the primary study group and any oral SGA for 
the oral comparator group)

CI confidence interval, HR hazard ratio, PP1M paliperidone palmitate once-monthly injection, PP3M paliperidone palmitate every 3-month 
injection, PYs person-years, Ref reference, SGA second-generation antipsychotic

 Event No. of patients No. of events Person-years Incidence rate [per 
1000 PYs (95% CI)]

Matched HR (95% CI) Adjusted HR (95% CI)

Outcome 1: Serious cardiovascular events
 Primary study group 10,115 46 11,836.89 3.89 (2.85–5.18) 0.80 (0.55–1.14) 0.84 (0.59–1.22)
 Oral comparator group 10,115 84 17,800.25 4.72 (3.76–5.84) Ref Ref

Outcome 2: Expanded serious cardiovascular events
 Primary study group 10,115 93 11,789.22 7.89 (6.37–9.66) 0.88 (0.68–1.14) 0.90 (0.69–1.17)
 Oral comparator group 10,115 152 17,720.44 8.58 (7.27–10.05) Ref Ref

Outcome 3: Cardiovascular hospitalizations
 Primary study group 10,115 516 11,361.74 45.42 (41.58–49.51) 0.73 (0.66–0.82) 0.78 (0.70–0.87)
 Oral comparator group 10,115 942 16,390.19 57.47 (53.86–61.26) Ref Ref

Table 4  Cardiovascular event risks in a matched cohort analysis 
among patients initiating PP1M treatment compared with patients ini-
tiating a new oral SGA treatment (sensitivity analysis with a different 

definition of ‘grace period’: 30 days for both the primary study and 
oral comparator groups)

CI confidence interval, HR hazard ratio, PP1M paliperidone palmitate once-monthly injection, Ref reference, SGA second-generation antipsy-
chotic

 Event No. of patients No. of events Matched HR (95% CI) Adjusted HR (95% CI)

Outcome 1: Serious cardiovascular events
 Primary study group 10,115 38 0.89 (0.56–1.43) 0.95 (0.59–1.52)
 Oral comparator group 10,115 32 Ref Ref

Outcome 2: Expanded serious cardiovascular events
 Primary study group 10,115 75 0.89 (0.64–1.24) 0.88 (0.50–1.56)
 Oral comparator group 10,115 64 Ref Ref

Outcome 3: Cardiovascular hospitalizations
 Primary study group 10,115 437 0.72 (0.63–0.83) 0.78 (0.68–0.89)
 Oral comparator group 10,115 459 Ref Ref
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alternative matching strategies could be explored in different 
settings, we believe our results are meaningful for general clin-
ical practice and can be reasonably interpreted. Third, we mini-
mized misclassification bias of outcomes in the present study, 
particularly for identification of sudden death. The validity of 
the ICD codes used was confirmed in prior studies, ensuring 
the accuracy of outcome definition.

This study also has several limitations. First, observa-
tional studies are at risk for residual confounding. Efforts 
have been made to minimize this potential bias by propensity 
matching procedures and further adjustments in the models. 
Moreover, a 2-year baseline was used to acquire more infor-
mation of psychological, cardiovascular, comorbidities, and 
treatment history, which further assures the comparability 
of those key baseline characteristics. As measurement of 
some traditional cardiovascular risk factors, such as obesity 
and cigarette smoking, was not available in the NHIRD, it 
might be a source of residual confounding. Current clinical 
guidelines do not explicitly specify which SGA should be 
used based on existing cardiovascular risks [21]. Thus, the 
current levels of cardiovascular risk factors for patients may 
not be directly associated with assignment of PP1M or oral 
comparator groups in clinical practice, indicating the limited 
effects from these confounding variables. Second, we did 
not take into account the concomitant use of antipsychotics 
during follow-up, which might be a source of confounding 
variables if the concomitant use occurred unequally between 
two groups. However, as concomitant drug use is common 
[57–60] in clinical practice for patients taking LAI antipsy-
chotics, our results reflect the comprehensive cardiovascular 
risks after initiating and continuing treatment of PP1M in 
the real world, and offered insights from clinical practice. 
Future studies should focus on improving the assessments 
of exposure and potential confounding variables, examining 
real-world associations among other large populations, and 
exploring the potential underlying mechanisms of the asso-
ciations between LAIs and cardiovascular risks.

5  Conclusion

In summary, this study presents the first report on 
population-based incidence rates of cardiovascular events 
among schizophrenic patients initiating treatment with 
PP1M. The findings indicate that PP1M treatment is not 
associated with increased risks of serious cardiovascular 
events when compared with oral SGAs. Additionally, 
there is a potential association suggesting lower risks 
of cardiovascular hospitalizations compared with oral 
SGAs. These results contribute to the growing real-world 
evidence at the population level, providing additional 
insights into the pharmacologic profile of PP1M in 
relation to its cardiovascular risk. Moreover, considering 

the advantage of improved treatment adherence associated 
with PP1M, these findings hold significant implications for 
its appropriate use in clinical practice.
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