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Purpose: Observational studies have examined the association between antipsychotics and 
ischemic heart disease (IHD) in general populations, but results did not take into account 
other comorbid diseases, such as Parkinson’s disease (PD). This study investigates the one- 
year risk of IHD, all cardiovascular events, and all-cause mortality among newly diagnosed 
PD patients who used antipsychotics compared to non-users.
Materials and Methods: This study included individuals aged 40 years or older with a first 
definitive PD diagnosis Read Code in the Secure Anonymised Information Linkage (SAIL) 
databank who had been initiated on any PD medication between 2000 and 2016. 
Antipsychotic users were matched 1:1 with non-users by a propensity score model to control 
the confounding effects of patients’ demographics, social deprivation status, comorbidities, 
and medication history. Cox regression was performed to calculate the hazard ratios (HR) 
and 95% CIs for the association between antipsychotics and study outcomes.
Results: A total of 1837 participants were included in the analysis. Users of first-generation 
antipsychotics (FGA) were significantly more likely to develop IHD compared to non-users, 
with an HR of 2.60 (95% CI 1.103–6.167). Among the FGAs, haloperidol had the highest 
likelihood of IHD developing, with an HR of 3.01 (95% CI 1.038–8.729). Any use of 
antipsychotics, regardless of whether they were FGA or second-generation antipsychotics 
(SGA), was linked to all-cause mortality, with an HR of 4.201 (95% CI 3.272–5.394). When 
subdividing antipsychotics into FGAs and SGAs, mortality was more likely in FGA users, 
with an HR of 7.557 (95% CI 5.633–10.139). Mortality also occurred in SGA users, but with 
a lower HR of 3.278 (95% CI 2.509–4.282).
Conclusion: FGAs were associated with an increased risk of IHD and all-cause mortality in 
newly diagnosed PD patients with psychosis. This finding emphasizes the need to use 
antipsychotics with caution in PD patients with psychosis.
Keywords: Parkinson’s disease, psychosis, antipsychotics, ischemic heart disease, 
cardiovascular events

Introduction
Studies have suggested that Parkinson’s disease (PD) patients are more likely to 
develop cardiovascular disease compared to patients without PD.1 Ischemic heart 
disease (IHD), in particular, is more common in PD patients compared to non-PD 
patients, especially in the presence of other cardiac risk factors, such as a high lipid 
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profile, smoking, and hypertension.2–4 Although a recent 
systematic review found no association between IHD and 
PD, the review concluded that other cardiovascular events, 
such as stroke, have such an association.1 However, this 
should not exclude IHD and other cardiovascular risks in 
PD patients, given that other factors can impact this asso
ciation, such as the cardiac side effects of some PD med
ications (eg, dopamine agonists),5,6 and the use of 
antidepressants and antipsychotics in PD patients.7,8

It is estimated that the prevalence of psychotic episodes 
in PD patients could reach 40%9 and antipsychotics are 
frequently used to treat these episodes. A Canadian study 
found that the cumulative incidence of antipsychotics used 
in PD patients was 35% at 7 years,10 while in a Taiwanese 
study the cumulative incidence was 51% at 6 years.11 

However, the high consumption of antipsychotics is not 
without risk. In 2005, the US Food and Drug 
Administration (FDA) released a letter linking the use of 
SGAs to the risk of death in dementia patients.12 In 2008, 
the FDA letter was extended and linked the use of FGAs 
to higher mortality rates in dementia patients.13 Recently, 
the use of antipsychotics has been linked to higher mor
tality and morbidity rates in PD patients.14–16

Antipsychotics are well known for their significant 
psychological, autonomic, metabolic, and cardiovascular 
side effect profile.17 IHD is one of the side effects found 
to be linked to the use of antipsychotics in the general 
population.18,19 In vivo and in vitro pharmacological stu
dies suggested that the link between antipsychotics and 
cardiovascular side events is possibly due to the metabolic 
side effects of antipsychotics,20 blockade of dopamine type 
3 receptors,21 defect in cardiovascular and immunological 
factors such as brain derived neurotrophic factor (BDNF) 
and platelet derived growth factor receptor (PDGFR)- 
beta,22 altered cardiac mitochondrial oxygen 
consumption,23 or immunosuppression and leukocyte 
accumulation in the arterial wall.24 However, this link 
has not been epidemiologically confirmed. Two meta- 
analyses showed contradictory results regarding the link 
between IHD and antipsychotics. Papola et al examined 
nine observational studies and concluded that antipsycho
tics were associated with IHD,19 whereas Rotella et al 
found there was no significant association.8 

Schizophrenia in the general population was the main 
focus of most studies included in these meta-analyses, 
with no stratification based on other concurrent 
comorbidities.8 However, there is evidence that antipsy
chotics are linked to cardiovascular events in diseases that 

might be related to PD patients, such as dementia,25,26 but 
no study examined such a link directly in PD patients.

Therefore, this study aimed to examine the one-year risk of 
IHD, all-cardiovascular events, and all-cause mortality among 
users of antipsychotics compared with non-users in newly 
diagnosed PD patients, using a large population database.

Materials and Methods
Design and Data Source
This observational retrospective study utilized data from 
the Secure Anonymised Information Linkage (SAIL) data
bank. The SAIL databank contains prescribing and diag
nostic data from General Practice (GP) surgeries of 
approximately 80% of the Welsh population.27 The GP 
diagnostic and prescribing data in SAIL was linked to 
other health and social Welsh databases (ie, Welsh 
Demographic Service, Patient Episode Database for 
Wales [hospital events], Annual District Death Extract 
[mortality data], and social deprivation status [ie, Welsh 
Index of Multiple Deprivation (WIMD) scores]).27 

Information regarding PD diagnoses and medications was 
extracted from GP data. Hospital data were used to extract 
information regarding comorbidities associated with PD 
patients and the first event of cardiovascular hospitaliza
tion. Mortality data were used to extract death date and 
cause, to examine cardiovascular and all-cause mortality.

This study obtained Information Governance Review 
Panel (IGRP) approval with a reference number of (0507). 
The data used in this study were anonymized and any cell 
less than 5 patients was excluded from the analysis, fol
lowing the SAIL confidentiality policy.

Identifying Newly Diagnosed PD Patients 
and Antipsychotic Codes
Individuals with a first definitive PD diagnosis Read Code in 
the GP data who had been initiated on any PD medication 
between 1 January 2000 and 30 September 2016 were the 
subjects of this study (Appendix 1). The Read Code system 
is a coding system used in the UK and encompasses clinical 
data, such as patient diagnoses and prescribed 
medications.28 The codes used to identify definitive PD 
diagnoses were validated in a previous study.29 The exclu
sion criteria included: patients aged less than 40 years; PD 
medications having been prescribed before PD diagnosis; no 
PD medications prescribed after PD diagnosis; first PD 
diagnosis within 6 months of SAIL registration date; and 
patients with a Read Code of psychosis, bipolar disorder, 
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antipsychotics, secondary parkinsonism, or diffuse Lewy 
body diseases (DLB) within the year preceding the first PD 
diagnosis.30 Patients younger than 40 years were excluded 
because PD is uncommon in this group of patients and the 
risk of having other type of parkinsonism-like symptoms 
that have been misdiagnosed as PD is high.31,32 Patient with 
a history of psychosis and bipolar disorder were excluded 
due to their possible association with developing PD.33 

Patients with secondary parkinsonism or DLB were 
excluded to avoid the risk of PD misdiagnosis.

To be considered an antipsychotic user, a PD patient must 
have had a psychosis diagnosis that followed the date of the 
first diagnosis of PD, followed by a prescription of antipsy
chotics within a year of PD diagnosis (see Appendix 1 for 
Read Codes). Patients who initiated more than one antipsy
chotic at the same time were excluded. Furthermore, patients 
who were prescribed antipsychotics without a diagnosis of 
psychosis were excluded. The types and classes of antipsy
chotics used in this study are shown in Appendix 2.

Study Models and Censoring
The index date was the date of the first antipsychotic pre
scription after psychosis diagnosis in the newly diagnosed 
PD patients. Patients were followed until the first IHD event 

(model 1); the first cardiovascular event, specifically arrhyth
mia, heart failure, IHD, stroke, or cardiovascular death 
(model 2); or all-cause mortality (model 3). Cumulative 
survival was measured in days. Details of these three models, 
including the time of data censoring, can be seen in Table 1. 
Given that PD progression data were not available in the 
SAIL databank, the follow-up period was set to one year to 
minimize the confounding effects of PD progression.34

Covariates
The following covariates were extracted from SAIL and 
incorporated in the analysis: age, gender, geographical 
location of the health board, status of social 
deprivation, year of PD diagnosis, previous cardiovascular 
events, comorbidities, PD medication(s) used before first 
antipsychotic use, and previous use of medications that 
might trigger cardiovascular events. Age was classified 
into three categories: young, 40–60 years; mid, 61–80 
years; and older, >80 years. The Welsh health boards 
were classified into the following seven boards: 
Abertawe Bro Morgannwg, Aneurin Bevan, Betsi 
Cadwaladr, Cardiff and Vale, Cwm Taf, Hywel Dda, and 
Powys. The status of social deprivation was measured 
using the Welsh Index of Multiple Deprivation (WIMD) 

Table 1 Index Date and Censoring Data for the Study Models

Model 1 (Ischemic Heart Disease 
(IHD))

Model 2 (All Cardiovascular 
Events Including Cardiac Death)

Model 3 (All-Cause Mortality)

Event (Status) First diagnostic code of IHD in the 

hospital data within 365 days after the 
first prescription of antipsychotics.

First diagnostic code of all 

cardiovascular events (IHD, arrhythmia, 
stroke, heart failure, or cardiac death) 

within 365 days after the first 

prescription of antipsychotics

The first record of all-cause mortality, 

including cardiac death within 365 days 
after the first prescription of 

antipsychotics

Index date The date of the first antipsychotics in the newly diagnosed PD patient

Censoring (if 
any of the 
following 
happened 
before the 
event)

1. If death occurred. 

2. If any other cardio event other than 

IHD happened (ie, arrhythmia, stroke, 
or heart failure). 

3. The date of patient transfer out from 

SAIL. 
4. Completion of the study duration (ie 

365 days). 

5. If antipsychotics users switched to 
a different antipsychotic, stopped the 

antipsychotics, or the time between 

two consecutive refills of the same 
antipsychotic exceeded 30 days

1. If death happened (other than cardiac 

death). 

2. The date of patient transfer out from 
SAIL. 

3. Completion of the study duration (ie, 

365 days). 
4. If antipsychotics users switched to 

a different antipsychotic, stopped the 

antipsychotics, or the time between 
two consecutive refills of the same 

antipsychotic exceeded 30 days

1. The date of patient transfer out from 

SAIL. 

2. Completion of the study duration (ie, 
365 days). 

3. If antipsychotics users switched to 

a different antipsychotic, stopped the 
antipsychotics, or the time between 

two consecutive refills of the same 

antipsychotic exceeded 30 days
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2011 scale, where quintile 1 refers to the most deprived 
areas and quintile 5 refers to the least deprived areas. The 
previous cardiovascular events were any occurrences of 
arrhythmia, heart failure, IHD, or stroke recorded in the 
GP data before the first prescription of antipsychotics. 
Comorbidities were identified using those listed in the 
Charlson Comorbidity Index and were extracted using 
the hospital admission data from up to 2 years before the 
first use of antipsychotics. The Charlson Comorbidity 
Index is comprised of 16 comorbidities and each comor
bidity was treated in the analysis as a binary variable. The 
comorbidities included: acute myocardial infarction, con
gestive heart failure, diabetes, diabetes complications, cer
ebral vascular accident, pulmonary disease, dementia, 
renal disease, cancer, peripheral vascular disease, connec
tive tissue disorder, paraplegia, peptic ulcer, metastatic 
cancer, liver disease, and severe liver disease. The PD 
medications were the first medications used by the patients 
to treat PD before the use of antipsychotics. Finally, pre
vious medications used by the PD patients that might have 
had an association with IHD risk were considered for their 
confounding effects. These medications included diuretics, 
alpha blockers, beta blockers, calcium channel blockers, 
angiotensin-converting enzyme (ACE) inhibitors, angio
tensin receptor blockers (ARB), lipid-lowering agents, 
anti-arrhythmia agents, anti-diabetics,35 antiplatelets, 
anticoagulants,36 tricyclic antidepressants, selective sero
tonin reuptake inhibitors (SSRIs), other types of 
antidepressants,37 nonsteroidal anti-inflammatory drugs 
(NSAIDs) and COX-2 inhibitors.38

Statistical Methods
Patients’ demographics data were tabulated and summar
ized. Continuous variables were presented as mean and 
standard deviation (SD), while categorical variables were 
presented as counts and percentages. Cause-specific 
hazard functions were evaluated using Cox regression 
(proportional hazards regression) to assess the association 
between the use of antipsychotics and the outcome of 
interest while controlling for the competing risk of death 
(Table 1).39 To build the regression model, the covariates 
to be included in the model needed to be determined. The 
Wald test was used to determine the significance of each 
covariate in the model. A particular covariate was included 
in the final model if the p-value of the Wald test was 
≤ 0.20.

To reduce the bias that may result from inherited dif
ferences in baseline characteristics among PD patients 

who were antipsychotic users and non-users, the con
founding covariates were adjusted using propensity score 
matching.34 The propensity score was the probability of 
being prescribed antipsychotics at the index date. This 
score was determined using the non-parsimonious multiple 
logistic regression model based on covariates that, upon 
bivariate regression, resulted in a p-value of the Wald test 
≤0.20. Subsequently, the calculated propensity scores were 
used to match the groups at a 1:1 ratio between antipsy
chotic users and non-users based on a caliper matching of 
0.2 of the pooled SD of the propensity scores’ logit.34

After matching and avoiding violation of the 10 events 
per predictor variable (EPV) rule, a new propensity score 
estimate was calculated for each model.40 The propensity 
score in this case was the probability of developing the 
outcome of interest in each model based on covariates 
which, upon conducting a single Cox regression model, 
resulted in a p-value ≤ 0.20.40 The main explanatory 
covariates, which were the use of antipsychotics or type 
of antipsychotics, were also added to the model. To avoid 
the possibility of violating the linearity assumption of 
propensity scores, they were categorized into five quin
tiles: 0–0.2, 0.21–0.4, 0.41–0.6, 0.61–0.8, and 0.81–1. The 
proportional hazard (PH) assumption was ensured using 
the Schoenfeld test and revealed no violations. Hence, the 
covariates were independent of time and the Cox regres
sion model was conducted for all three models. Kaplan- 
Meier graphs were used to show the proportion of anti
psychotic users who developed the outcomes at different 
points in time.

Sensitivity Analysis
To assess the robustness of the study outcomes, multiple 
sensitivity analyses were conducted. The first sensitivity 
analysis reexamined the three models excluding patients 
with a history of myocardial infarction, congestive heart 
failure, cancer and active malignancy, severe liver disease, 
and history of ergot dopamine agonists usage. These 
patients were not included in the sensitivity analysis as 
these factors can cause cardiovascular events; hence, their 
inclusion might undermine the effect of antipsychotics on 
cardiac events.

In the second sensitivity analysis, two separate propen
sity score-matching processes were conducted; the first 
matched FGA users 1:1 with non-users, while the second 
matched SGA users 1:1 with non-users. Then, the statis
tical tests discussed previously in all three models were 
reconducted. This was done because the original 
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propensity score matching was based on the demographic 
and clinical data of antipsychotics users vs non-users with
out specifying the category of antipsychotics (FGA vs 
SGA). However, in the regression analysis, antipsychotics 
users were divided into FGA and SGA and compared to 
non-users, which might have produced an inaccurate esti
mate. Finally, a third sensitivity analysis was conducted in 
which FGA were directly compared to SGA while exclud
ing all non-users from the analysis. The purpose of this 
analysis was to obtain estimates that directly compared 
FGA to SGA. Then, these estimates were compared to 
the estimates in the original models (ie those comparing 
FGA and SGA users to non-users) in developing IHD, 
cardiac events, and all-cause mortality.

Results
Patient Characteristics
The baseline characteristics of participants and the total 
number of outcomes are shown in Table 2. In total, the 
propensity score matching process resulted in 1837 (out of 
8253) participants in both treatment and control groups. 
Among these participants, the mean age was 76.1 years 
(SD=8.1). Just over half the sample (58.4%) was male and 
levodopa was the most commonly initiated PD medication 
(86.7%). As the matching process was based on the ratio 
of 1:1 between the treatment and control groups, about 
50% of the participants received antipsychotics, with 
SGAs constituting the majority of prescribed antipsycho
tics. Quetiapine, in particular, compromised almost half of 
all antipsychotics prescribed (51.8%), followed by risper
idone (9.9%) and olanzapine (7.9%) (Appendix 3). Within 
one year of the first antipsychotic prescription, 2.3% 
(n=42) of patients developed IHD, 4.1% (n=75) of patients 
developed at least one cardiovascular event, and 19.1% 
(n=350) of patients had died (Table 2).

Ischemic Heart Disease Model
The detailed results of univariate and multivariate Cox 
regression are shown in Appendix 4. Table 3 shows the 
propensity score adjusted model used to calculate the 
hazard ratio (HR) of developing IHD in PD patients who 
were antipsychotics users. The propensity score adjusted 
model shows that FGA users were significantly more 
likely to develop IHD compared to non-users, with an 
HR of 2.60 (95% CI 1.103–6.167). Among the FGAs, 
haloperidol had the highest likelihood of IHD developing, 
with an HR of 3.01 (95% CI 1.038–8.729). Other 

individual antipsychotics did not show a significant link 
to IHD (Table 3). Figure 1 presents the Cox regression 
curves comparing IHD hospitalization over time (365 
days) for PD patients who were antipsychotic users vs 
PD patients who were antipsychotic non-users.

All Cardiovascular Events Model
Appendix 4 shows the detailed results of univariate and 
multivariate Cox regression, examining the association 
between antipsychotic use and all cardiovascular events. 
The propensity score adjusted model shows there was no 
significant difference between antipsychotics users and 
non-users in developing all cardiovascular events, specifi
cally arrhythmia, heart failure, IHD, stroke, or cardiovas
cular death (Table 3). However, the multivariate adjusted 
model shows that FGA users were significantly more 
likely to develop all cardiovascular events compared to 
non-users, with an HR of 2.018 (95% CI 1.041–3.91). 
Additionally, and similarly to the IHD model, the multi
variate adjusted model revealed that haloperidol users 
were more likely to develop all cardiovascular events, 
with an HR of 2.715 (95% CI 1.109–6.649) (Table 3). 
Figure 2 presents the Cox regression curves comparing 
all cardiovascular events over time (365 days) for PD 
patients who were antipsychotic users vs PD patients 
who were antipsychotic non-users.

All-Cause Mortality Model
The propensity score adjusted model shows that the use of 
any antipsychotic, regardless of FGA or SGA, was linked 
to all-cause mortality, with an HR of 4.201 (95% CI 
3.272–5.394) (Table 3). When subdividing antipsychotics 
into FGA and SGA, FGA users were more likely to die, 
with an HR of 7.557 (95% CI 5.633–10.139). SGA users 
were also likely to die, but with a lower HR of 3.278 (95% 
CI 2.509–4.282). Similar to the previous two models, 
among the individual antipsychotics, haloperidol had the 
highest HR of 4.372 (95% CI 2.995–6.382) in all-cause 
mortality, followed by risperidone (HR=2.825, 95% CI 
1.962–4.068) and quetiapine (HR=1.668, 95% CI 1.3– 
2.141). Figure 3 shows the Cox regression curves compar
ing all-cause mortality over time (365 days) for PD 
patients who were antipsychotic users vs PD patients 
who were antipsychotic non-users.

In all three models, the outcomes of the first sensitivity 
analysis were consistent after excluding patients with 
a history of myocardial infarction, congestive heart failure, 
cancer and active malignancy, severe liver disease, and 
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Table 2 Patient Demographics

Demographics Mean (SD) or n (%) for Antipsychotics Non- 
Users 
N= 917

Mean (SD) or n (%) for Antipsychotics 
Users 
N= 920

Age, years (at PD incidence) 75.1 (9.1) 74.62 (8.7)

Age group

40–60 years 18 (1.96) 21 (2.28)

61–80 years 522 (56.92) 525 (57.07)

>80 years 377 (41.11) 374 (40.65)

Sex, male 553 (60.31) 520 (56.52)

Health board (geographical health board location)

Abertawe Bro Morgannwg 234 (25.52) 225 (24.46)

Aneurin Bevan 149 (16.25) 153 (16.63)

Betsi Cadwaladr 179 (19.52) 182 (19.78)

Cardiff & Vale 131 (14.29) 135 (14.67)

Cwm Taf 100 (10.91) 97 (10.54)

Hywel Dda 102 (11.12) 100 (10.87)

Powys 22 (2.4) 28 (3.04)

PD medications

Dopamine agonists 77 (8.4) 108 (11.74)

Levodopa 810 (88.33) 782 (85)

MAO-B inhibitors 30 (3.27) 30 (3.26)

Antipsychotics medications

First generation antipsychotics (Typical) NA 207 (22.5)

Second generation antipsychotics 

(Atypical)

NA 713 (77.5)

Total number of the outcome of interest

Ischemic heart disease (IHD) 16 (1.74) 26 (2.83)

All cardiac events including cardiac 
mortality

29 (3.16) 46 (5)

All-cause mortality 81 (8.83) 269 (29.24)

Mean time from the index date until the outcome of interest (days) (only those who developed the outcome)

Ischemic heart disease (IHD) 159.75 (99.76) 163.57 (107.9)

All cardiac events including cardiac 
mortality

175.14 (113.63) 167.15 (105.2)

All-cause mortality 175.98 (104.93) 132.91 (112.29)
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history of ergot dopamine agonists usage (see 
Appendix 5). Additionally, the second sensitivity analysis 
that separately matched FGA users with non-users, and 
SGA users with non-users, revealed consistent results that 
did not significantly differ from the original results 
(Appendix 6). Finally, the third sensitivity analysis showed 
that SGA users compared to FGA users were more likely 
to develop IHD and all-cause mortality (see Table 4), 
which is consistent with the original estimates presented 
in Table 3.

Discussion
The growing body of literature has shown that PD patients 
can develop cardiovascular diseases and, in particular, 
IHD.2 Several risk factors increase the risk of developing 
IHD in PD patients, such as genetic predisposition, 

smoking, and diabetes.2 Additionally, given that PD is 
more prevalent in elderly patients, high cardiovascular 
morbidity profiles and increased prevalence of polyphar
macy are expected in PD patients.41 The average number 
of medications taken by a PD patient is ≥ 5, which 
increases with advanced age and deterioration of PD 
motor and non-motor symptoms.42 Some of these medica
tions are associated with an increased risk of cardiovascu
lar events, such as nonsteroidal anti-inflammatory drugs 
(NSAIDs), COX-2 inhibitors38 and antidepressants.37 

Other medications, such as antipsychotics, have been 
linked pharmacologically to IHD in the general population 
and in dementia patients,8,26 but these medications have 
been understudied in PD patients.

This study has used data from a large population data
base in Wales, covering almost 80% of the Welsh 
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Figure 1 Kaplan–Meier estimates of ischemic heart disease according to the status of antipsychotic use in PD patients. P-values indicate the differences in survival compared 
to the reference group in the Cox regression equation. (A) Ischemic heart disease model (propensity score adjusted), (B) Ischemic heart disease model (propensity score 
adjusted), (C) Ischemic heart disease model (propensity score adjusted).
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population for a period of 17 years. The study found that 
IHD was 2.6 times more likely among FGA users com
pared to non-users in newly diagnosed PD patients. Of the 
FGAs, haloperidol showed the highest likelihood of IHD 
developing. Previous research findings into the association 
between antipsychotics and IHD in the general population 
have been contradictory.8,19 However, no study has exam
ined this association in PD patients, where the use of 
antipsychotics is profoundly high43 and the cardiovascular 
risks are paramount.1 The current study confirmed such an 
association between FGAs and IHD, after controlling for 
other comorbidities and confounders in newly diagnosed 
PD patients who started antipsychotics after their PD diag
nosis. Given that haloperidol was the most commonly used 
FGA in this cohort, this result may indicate that the FGAs 
that cause the greatest IHD risk in PD patients are the 
FGAs with the most potent dopamine receptor blockade 

activity or those which have a high ratio of dopamine to 
serotonin receptor blockade.44

In general, FGAs are not recommended in the treat
ment of psychosis in PD patients.9 Psychotic episodes can 
be triggered by PD itself or by medications that treat motor 
symptoms of PD, such as dopamine agonists (DA), there
fore it is advised before initiating antipsychotics to 
decrease the DA dose to a level that does not worsen 
motor symptoms.9 If psychotic episodes are not relieved 
using the previous strategy then SGAs, particularly que
tiapine, can be used.9 Although quetiapine efficacy has not 
been illustrated in randomized clinical trials, various 
experts have suggested off-label use of quetiapine as the 
first-line therapy in PD psychosis.45

This study also found that all antipsychotics increased 
all-cause mortality risk in PD patients. FGA users showed 
the most significant association, with a seven-fold increase 
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Figure 2 Kaplan–Meier estimates of cardiovascular events according to the status of antipsychotic use in PD patients. P-values indicate the differences in survival compared 
to the reference group in the Cox regression equation. (A) cardiovascular events model (propensity score adjusted), (B) cardiovascular events model (propensity score 
adjusted), (C) cardiovascular events model (propensity score adjusted).
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in mortality compared to non-users of FGAs. The associa
tion between high mortality rate and antipsychotics was 
previously observed in dementia patients13 and advanced 
PD patients,15 and the current study extends this associa
tion to include recently diagnosed PD patients. Previous 
literature shows that the increased mortality rate is com
mon in PD patients, with risk factors having been identi
fied as advanced age, male sex, and psychotic episodes.46 

The current study accounted for these risk factors by 
applying the propensity score matched model to control 
for statistical effects such as age, sex, and concurrent 
comorbidities. However, factors such as psychotic epi
sodes could not be controlled for since all antipsychotic 
users in the current study had a psychosis diagnosis, mak
ing it challenging to attribute the high mortality rate to the 
antipsychotics alone. Nevertheless, the link between anti
psychotics and a higher mortality rate can by strengthened 

by the consistent differential risk between FGAs and 
SGAs in the current study (ie, FGAs had a higher hazard 
ratio than SGAs), which replicated the results of previous 
studies.15,47

Although the findings of this study showed that 
quetiapine was not associated with IHD and cardiovas
cular events in PD patients, quetiapine was found to be 
associated with all-cause mortality, requiring caution 
before and during its use. Quetiapine is used as the 
first line of treatment in psychosis in PD patients 
according to the UK National Institute for Health and 
Care Excellence (NICE) guidelines45 because it has less 
impact on PD motor symptoms compared to other 
SGAs, such as olanzapine.48 However, its association 
with all-cause mortality, as suggested by the current 
study, is a matter of concern that needs further 
investigation.
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Figure 3 Kaplan–Meier estimates of all-cause mortality according to the status of antipsychotic use in PD patients. P-values indicate the differences in survival compared to 
the reference group in the Cox regression equation. (A) all-cause mortality model (Propensity score adjusted), (B) all-cause mortality model (Propensity score adjusted), 
(C) all-cause mortality model (Propensity score adjusted).
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A key strength of the present study was that it is the 
first study to evaluate the association between antipsycho
tic use and cardiovascular events (IHD in particular) in 
newly diagnosed PD patients. Other strengths of this study 
include the large sample size and use of a large population 
database. Additionally, the propensity score matched 
model applied in the analysis increased the statistical 
validity of the results and decreased the potential bias 
inherited in this type of study.34

A number of limitations need to be noted regarding 
the present study. Firstly, medical record codes alone 
were used to identify PD patients and other diagnoses, 
with no verification from a movement disorders specia
list. Secondly, the results were possibly confounded by 
indication. For example, PD patients who used antipsy
chotics may have also suffered from more severe PD, 
making a higher mortality rate more likely. However, 
since this study focused on newly diagnosed PD 
patients, this type of confounding was minimized. 
Additionally, due to data access difficulties and quality 
issues, IHD and cardiac events were only extracted from 
the hospital data rather than being combined with the 
GP data, which may increase the risk of misclassifica
tion; therefore, caution should be exercised when inter
preting the related results. Finally, the relatively short 
follow-up period in this study (ie, 365 days) could be 
a limitation, however, this could be justified by the 
study aim, which was to examine the immediate effects 
of antipsychotics. A further study could assess the long- 
term effects and examine the association between newer 
SGAs, such as pimavanserin, and cardiovascular events 
and mortality.49

Conclusion
The role of antipsychotic treatment for neuropsychiatric 
symptoms in PD patients is pivotal, however, the use of 
antipsychotics is not without risk.50 The current study 
revealed a high risk of IHD and all-cause mortality asso
ciated with the use of some antipsychotics in newly diag
nosed PD patients. These findings highlight that 
antipsychotics (both FGAs and SGAs) should be used 
with caution in PD psychosis, for the shortest time and at 
the lowest dose. PD patients with a history of cardiovas
cular disease and other comorbidities should be advised of 
the risks associated with antipsychotics prior to treatment 
being initiated. The current study also found different 
levels of risk associated with individual antipsychotics 
and found differences between FGAs and SGAs in relation 
to IHD risk. The results of this study warrant further 
investigation with a larger sample size and a longer dura
tion of follow-up. In the interim, the antipsychotic benefit 
in PD psychosis must be measured against the risk of 
potential safety concerns.
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Table 4 The Propensity Score and Multivariable Adjusted Models Examining the Factors That Affecting the Study Outcomes (Sub 
Cohort Analysis That Compared Second-Generation Antipsychotics to First-Generation Antipsychotics Directly)

Ischemic Heart Disease Model Cardiovascular Events Model All-Cause Mortality Model

Variables Multivariate 
Adjusted 
Model 
(HR (95% 
CI) (p value)

Propensity 
ScoreAdjusted 
Model (HR (95% 
CI), (p value)

Multivariate 
Adjusted 
Model 
(HR (95% 
CI), (p 
value)

Propensity Score 
Adjusted Model 
(HR (95% CI), (p 
value)

Multivariate 
Adjusted Model 
(HR (95% CI), (p 
value)

Propensity Score 
Adjusted Model 
(HR (95% CI), (p 
value)

Type of antipsychotics (Ref= First generation antipsychotics)

Second 

generation 
antipsychotics

0.720 (0.118 
−0.950) 
(0.049)*

0.619 (0.267 
−0.929) (0.042)

0.801(0.540 

−1.453) 
(0.501)

0.775 (0.405 −1.540) 

(0.451)

0.480 (0.380 
−0.580) (<0.001)

0.443 (0.363 
−0.557) (<0.001)

Note: *Bold numbers indicates statistically significant.
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