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Ischemic heart disease is the leading cause of mortality in
psychotic disorders. There is a paucity of research compre-
hensively evaluating short-term mortality, cardiovascular
complications, and treatment inequality after cardiac events
in patients with psychotic disorders. This population-based
cohort study examined 30-day and 1-year all-cause mor-
tality, cardiovascular complication rates, 30-day and 1-year
receipt of invasive cardiac procedures, and 90-day post-
discharge cardioprotective medication treatment following
admission for first-recorded acute coronary syndrome (ACS)
among patients with psychotic disorders (n = 703) com-
pared with patients without psychotic disorders (z = 66 989)
between January 2006 and December 2016 in Hong Kong
(HK). Study data were retrieved from territory-wide med-
ical record database of public healthcare services to 7.5
million HK residents. Multivariate regression analyses
(ORs and 95% Cls), adjusting for demographics and med-
ical comorbidities, were conducted to evaluate associations
between psychotic disorders and post-ACS outcomes. Our
results showed that patients with psychotic disorders had
higher 30-day (OR: 1.99 [95% CI: 1.65-2.39]) and 1-year
(2.13 [1.79-2.54]) mortality, and cardiovascular complica-
tion rates (1.20 [1.02-1.41]), lower receipt of cardiac cath-
eterization (30-d: 0.54 [0.43-0.68]; 1-y: 0.46 [0.38-0.56]),
percutaneous coronary intervention (30-d: 0.55 [0.44-0.70];
1-y: 0.52 [0.42-0.63]) and reduced p-blockers (0.81 [0.68—
0.97]), statins (0.54 [0.44-0.66]), and clopidogrel prescrip-
tions (0.66 [0.55-0.80]). Associations between psychotic
disorder and increased mortality remained significant even
after complications and treatment receipt were additionally
adjusted. Our findings indicate that psychotic disorders are
associated with increased risks of short-term post-ACS mor-
tality, cardiovascular complications, and inferior treatment.

Excess mortality is not substantially explained by treatment
inequality. Further investigation is warranted to clarify fac-
tors for suboptimal cardiac-care and elevated mortality in
psychotic disorders to enhance post-ACS outcome.
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Introduction

People with psychotic disorders including schizophrenia
have markedly elevated risk of premature mortality,"
contributing to 15-20 years of reduction in life expectancy
compared with the general population.’8 It is well estab-
lished that the vast majority of excess deaths associated
with psychotic disorders are due to physical diseases.!>*°
Cardiovascular disease (CVD), especially ischemic heart
disease (IHD) which is the leading cause of CVD-related
health lost globally,”!? has been consistently shown to be a
major contributor to mortality in psychotic disorders.®!!-13
Recent data have indicated the widening mortality gap
between people with psychotic disorders and the general
population.'*!¢ In particular, contrary to a significant de-
cline in cardiac death in developed countries during the
past decades,!”!® the rates of CVD mortality were found
to remain stably high or decrease to a much lesser degree
than those of the general population.!*2

It is acknowledged that a multitude of factors may con-
tribute to raised IHD mortality associated with psychotic
disorders, including socioeconomic disadvantage, unhealthy
lifestyle such as physical inactivity, poor dietary patterns,
smoking, and alcohol use,>?*2¢ and antipsychotic-induced
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metabolic side effects.””-? However, there is increasing con-
cern regarding the possible contribution of suboptimal
medical care for IHD to heightened mortality among
people with psychotic disorders.®3' Most earlier studies
have demonstrated that schizophrenia patients were signifi-
cantly less likely to undergo revascularization interventions
after acute coronary syndrome (ACS) relative to the general
population,?3>38 while some,*** but not all,**> more recent
reports have shown no treatment inequality in this respect.
Similarly, literature generally revealed lower post-ACS
prescription rates of secondary preventive medications in
individuals with schizophrenia than those without the dis-
order. 33434144 Of note, the majority of prior studies ei-
ther grouped patients into a broadly-defined category of
severe mental illness for investigation or focused narrowly
on schizophrenia without taking into consideration individ-
uals with other non-affective psychoses. Although previous
reports consistently indicated that schizophrenia patients
displayed reduced long-term survival rate following car-
diac events compared to the general population,?!37#4345-49
mixed findings were observed in short-term mortality, par-
ticularly 30-day mortality after ACS. 3443475051 Until now,
research that comprehensively evaluate mortality, cardio-
vascular complications, and receipt of invasive cardiac pro-
cedures and cardioprotective medications following ACS
in a single cohort is very limited. Whether excess mortality
among patients with psychotic disorders could be explained
by disparity in quality of cardiovascular treatment remains
to be clarified.

To this end, we conducted a population-based cohort
study with an aim to examine short-term mortality (30-d
and 1-y mortality), occurrence of cardiovascular com-
plications, and quality of medical care as indexed by
receipt of revascularization interventions and prescrip-
tion of cardiac medications after admission for incident
ACS in patients with psychotic disorders (schizophrenia
and other non-affective psychoses) compared to those
without psychotic disorders. The current investigation
utilized clinical data retrieved from a territory-wide med-
ical record database of public healthcare services in Hong
Kong (HK). Based on prior literature, we hypothesized
that patients with psychotic disorders would have higher
rates of mortality and cardiovascular complications, as
well as decreased likelihood of receiving cardiac proced-
ures and cardioprotective medications relative to those
without psychotic disorders. Given these a priori pre-
dictions, we further explored whether differential rates
of cardiovascular complications and treatment receipt
played a role in explaining the associations between in-
creased mortality and psychotic disorders.

Methods

Data Source

This study was conducted using Clinical Data Analysis
and Reporting System (CDARS),> a territory-wide
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electronic health-record database developed by the
Hospital Authority (HA) which is a statutory body
delivering government-subsidized, universal health cov-
erage to 7.5 million HK residents by managing all public
hospitals, specialist and general outpatient clinics in HK.
In particular, HA provides >95% of hospital admission
services in HK.** Detailed description of CDARS has
been reported elsewhere.*% Briefly, CDARS is an in-
tegrated, longitudinal patient electronic record system
capturing clinical data across all healthcare settings of
HA facilities since 1995.%> The database contains in-
formation on patients’ demographics and details of their
diagnoses, operations, prescriptions, visits to emergency
departments and outpatient clinics, and hospital admis-
sions. It also contains data on deaths through its internal
linkage to regional death registry from the Immigration
Department. Clinical data are collected and entered into
the computerized clinical management system by treating
clinicians and other healthcare professionals and are then
transferred to CDARS for audit and research purposes.
CDARS generates unique, anonymized patient identifiers
to protect patient confidentiality and to link all medical
records. This database has been used to conduct high-
quality population-based epidemiological studies on var-
ious physical (including ACS and other cardiovascular
outcomes, with CDARS-derived diagnoses validated)®
and psychiatric outcomes. %

Study Population and Patient Identification

We identified all individuals aged >18 years who had a
hospital admission for first-recorded ACS in HK during
a period between January 1, 2006 and December 31, 2016
as the study cohort. Principal diagnosis of ACS was iden-
tified by ICD9-CM (a diagnostic system used to record
physical diseases and procedures in CDARS) codes for
acute myocardial infarction (MI, 410.x) or unstable an-
gina (411.1). Patients with past record of ACS diagnosis
or other chronic IHD is (ICD9-CM codes 410-412 and
414) before an index admission were excluded. From
the incident ACS cohort, we derived a group of patients
who were diagnosed to have psychotic disorders, which
included schizophrenia, schizoaffective disorder, per-
sistent delusional disorder, acute and transient psychotic
disorders, and unspecified non-organic psychosis, pre-
ceding an index admission for ACS. Diagnoses of psy-
chotic disorders (F20, F22-23, F25, and F28-29) were
verified by ICD10 (a diagnostic system used to record
psychiatric disorders in CDARS) codes. Diagnostic al-
gorithm was adopted to enhance diagnostic validity for
psychotic disorders. First, as diagnostic assignment of
psychotic disorders is based on longitudinal approach
taking into consideration cumulative clinical informa-
tion documented over an individual patient’s course of
illness, the last-recorded principal diagnosis of psychotic
disorder per patient before an index admission was thus
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ascertained as the final diagnosis. Additionally, inpa-
tient discharge diagnosis took precedence over outpa-
tient diagnosis in determining patients’ final diagnosis.
CDARS-derived diagnostic ascertainment has been used
for patient-sample identification in previous retrospective
studies for psychotic disorders and bipolar disorder.*-6
To evaluate the impact of psychotic disorder on mortality
and receipt of cardiovascular treatments, the remaining
patients in the incident ACS cohort were served as a “ref-
erence group” for comparison. Patients with mania or
bipolar disorder (ICD10 codes F30-31) recorded as the
last principal psychiatric diagnosis or without later re-
corded diagnoses of psychotic disorders before an index
admission were excluded. The study was approved by the
Institutional Review Board of the University of Hong
Kong/Hospital Authority Hong Kong West Cluster. The
study data were anonymized and individual patient re-
cords were completely unidentifiable during the analysis.
Since our study was based on medical record database,
the requirement for informed consent was waived.

Study Outcomes

The primary outcomes were 30-day and 1-year all-cause
mortality rates after incident ACS. Two sets of secondary
outcomes indicating quality of cardiac care were investi-
gated. First, we measured receipt of invasive cardiac pro-
cedures within 30 days and 1 year of index admission,
including cardiac catheterization, percutaneous coronary
intervention (PCI), and coronary artery bypass grating
(CABG). Second, prescription of secondary preventive
cardiac medications within 90 days of discharge from index
admission, including [-blockers, angiotensin-converting
enzyme inhibitors (ACEls)/angiotensin Il receptor
blockers (ARBs), statins, and antiplatelet agents (aspirin
and clopidogrel) were examined. Cardiac procedures were
identified using ICD9-CM codes (supplementary table S1).

Cardiovascular Complications and Covariates

We assessed occurrence of cardiovascular complications
during index admission as proxy measures of ACS se-
verity including congestive heart failure, cardiogenic
shock, conduction problems, cardiac dysrhythmias, and
acute/acute on chronic respiratory failure based on the
method adopted by previous research.®® Literature in-
dicates that certain CVD risk factors (eg, hypertension,
diabetes, and dyslipidemia), other physical morbidity
and substance abuse are associated with worse post-ACS
outcomes and are more frequently occurred in patients
with psychotic disorders. Taking into consideration the
availability of clinical information that were adequately
recorded in and could be reliably retrieved from the data-
base, we selected a priori an array of candidate covariates
to address potential confounding effects on outcome ana-
lyses comprising demographics (age at index admission,
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sex), calendar year of index admission, catchment area
where patients received cardiovascular treatment for inci-
dent ACS (for geographic and hospital-based variation),
physical conditions that are known CVD risk factors in-
cluding hypertension, diabetes and dyslipidemia, other
physical comorbidities as quantified by Charlson-Deyo
comorbidity index (a weighted summary score based on
1-y mortality risk),** and alcohol and substance use dis-
orders. Those variables that were found to be significantly
different between groups in bivariate analyses were then
adjusted as covariates in multivariate regression analyses
(please also refer to Statistical Analysis). Physical diseases
(including cardiovascular complications) and alcohol/
substance use disorders were identified by ICD9-CM and
ICDI10 codes, respectively (supplementary table S1).

Statistical Analysis

Demographic and baseline characteristics between pa-
tients with and without psychotic disorders were com-
pared using chi-square test and independent-samples
t-test for categorical and continuous variables, respec-
tively. A series of multivariate logistic regression ana-
lyses (with ORs and 95% CIs calculated) adjusting for
covariates were performed to investigate the effect of
psychotic disorders on rates of mortality, receipt of inva-
sive procedures, prescription of cardiac medications and
cardiovascular complications. To assess whether associ-
ations between mortality and psychotic disorders were
explained by differences in ACS severity and cardiac-
care quality, we repeated multivariate regression analyses
on mortality by additionally adjusting for the effects of
cardiovascular complications, revascularization (PCI or
CABG) and medication treatment. Furthermore, 3 sets
of additional analyses were conducted. First, we repeated
the analyses by comparing patients with schizophrenia to
those without psychotic disorders on cardiac outcomes
and treatment receipt. Second, we stratified the analyses
by age (<65 y and 265 y) to examine whether the effect
of psychotic disorders on adverse outcomes was more
pronounced in younger age-group. Finally, the analyses
were repeated for men and women separately to assess
sex-specificity of the associations between psychotic dis-
orders and study outcomes. The level of statistical signif-
icance was set at P < .05.

Results

Characteristics of the Study Cohort

The cohort comprised 67 692 patients, including 703
individuals with psychotic disorders (1.0%; 371 men
[52.8%]; mean [SD] age: 69.3 [13.4] y) and 66 989 indi-
viduals without psychotic disorders (99.0%; 41 674 men
[62.2%]; mean [SD] age: 71.2 [14.2] y). Demographic and
baseline characteristics of the study cohort are summar-
ized in table 1. Patients with psychotic disorders were
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Table 1. Demographic, Clinical, and Service Characteristics of Patients Admitted for Acute Coronary Syndrome

Characteristic? Psychotic Disorder (n = 703) No Psychotic Disorder (n = 66 989) P
Age,y 69.3 (13.4) 71.2 (14.2) .007**
Sex <.001%**
Male 371 (52.8) 41 674 (62.2)
Female 332 (47.2) 25315 (37.8)
Calendar-year period .004**
20062011 360 (51.2) 37 895 (56.6)
2012-2016 343 (48.8) 29 094 (43.4)
Medical comorbidity
Hypertension 360 (51.2) 32987 (49.2) <.001%**
Diabetes 243 (34.6) 17 284 (25.8) <.001***
Dyslipidemia 122 (17.4) 12825 (19.1) 231
Charlson-Deyo comorbidity index® 4.6 (2.4) 4.6 (2.3) 124
Alcohol use disorder 10 (1.4) 104 (0.2) <.01%*
Substance use disorder 23(3.3) 121 (0.2) <.01**
Catchment areas of public healthcare service® .076
Hong Kong East 56 (8.0) 6747 (10.1)
Hong Kong West 53(7.6) 4262 (6.4)
Kowloon Central 118 (16.8) 12 567 (18.9)
Kowloon East 110 (15.7) 9972 (15.0)
Kowloon West 163 (23.3) 13 804 (20.7)
New Territories East 95 (13.6) 10290 (15.4)
New Territories West 106 (15.1) 9008 (13.5)

Note: “Potential group differences were examined using independent-samples 7 tests and chi-square tests for continuous and categorical
variables, respectively. Data are presented in number (7) and percentage (%) for all variables, with the exception of age and Charlson-

Deyo comorbidity index which are presented in mean (SD).

®Age-adjusted adapted Charlson-Deyo comorbidity index (CCI) was computed. As diabetes was already treated as a medical comor-
bidity for covariate analysis, it was thus excluded from CCI score calculation.

‘In Hong Kong, the Hospital Authority manages public healthcare service delivery (inpatient and specialist/general outpatient services)
which is organized into 7 clusters based on geographical locations (ie, catchment areas).

*P <.05.**P < .01, ***P < .001.

significantly younger, more often women, and had higher
rates of hypertension, diabetes, alcohol, and substance
use disorders than a control sample.

Mortality and Receipt of Cardiovascular Treatments

As presented in table 2, individuals with psychotic dis-
orders had significantly higher 30-day (25.2% vs 16.8%)
and 1-year (38.5% vs 27.3%) mortality rates than those
without psychotic disorders (adjusted OR [95% CIJ: 1.99
[1.65-2.39] for 30-day mortality; 2.13 [1.79-2.54] for 1-y
mortality). Concerning cardiovascular treatments, re-
ceipt of cardiac catheterization within 30 days (13.1%
vs 21.9%; adjusted OR [95% CIJ: 0.54 [0.43-0.68]) and
1 year (21.9% vs 35.6%; adjusted OR [95% CIJ: 0.46
[0.38-0.56]) of index admission were significantly lower
among patients with psychotic disorders than those
without psychotic disorders (table 3). Likewise, individ-
uals with psychotic disorders had significantly lower rates
of undergoing PCI within 30 days (12.8% vs 21.1%; ad-
justed OR [95% CIJ: 0.55 [0.44-0.70]) and 1 year (20.6%
vs 32.2%; adjusted OR [95% CIJ: 0.52 [0.42-0.63]) of
index admission than patients in a reference group.
Regarding post-discharge cardiac medication treatment,
patients with psychotic disorders were significantly less

likely to receive f-blockers (62.6% vs 66.5%; adjusted OR
[95% CI]: 0.81 [0.68-0.97]), statins (67.7% vs 76.1%; ad-
justed OR [95% CI]: 0.54 [0.44-0.66]), clopidogrel (54.3%
vs 61.7%; adjusted OR [95% CI]: 0.66 [0.55-0.80]), dual-
antiplatelet therapy (52.3% vs 60.0%; adjusted OR [95%
CI]: 0.59 [0.50-0.70]) and combination therapy (67.5%
vs 73.9%; adjusted OR [95% CIJ: 0.67 [0.56-0.81]) than
those without psychotic disorders (table 4).

Cardiovascular Complications

Compared with a reference group, patients with psychotic
disorders had significantly higher likelihood of experien-
cing any cardiovascular complications (33.9% vs 30.9%;
adjusted OR [95% CI]: 1.20 [1.02-1.41]) and several spe-
cific complications including cardiogenic shock (7.8% vs
6.0%; adjusted OR [95% CI]: 1.37 [1.04-1.81]) and con-
duction problems (3.1% vs 2.3%; adjusted OR [95% CI]:
1.56 [1.02-2.40]) during index admission (table 2).

Effect of Psychotic Disorders on Mortality Adjusting
for Complications and Treatment Receipt

To clarify whether the effect of psychotic disorders on el-
evated mortality was attributable to greater ACS severity
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Table 2. Mortality and Cardiovascular Complications for Patients Admitted With Acute Coronary Syndrome

Psychotic No Psychotic
Disorder Disorder
n % n % Unadjusted OR (95% CI)  Adjusted OR (95% CI)* P
Mortality
30-d mortality 177 252 11252 168 1.67(1.40-1.98) 1.99 (1.65-2.39) <.001***
1-y mortality 271 385 18259 27.3  1.67(1.44-1.95) 2.13(1.79-2.54) <.001***
Cardiovascular complications
Any cardiovascular complication 238 339 20684 309 1.15(0.98-1.34) 1.20 (1.02-1.41) .028%*
Congestive heart failure 121 172 11311 169 1.02(0.84-1.25) 1.08 (0.89-1.32) 478
Cardiogenic shock 55 7.8 4026 6.0 1.33(1.01-1.75) 1.37 (1.04-1.81) .027*
Conduction problems 22 3.1 1525 2.3 1.39(0.90-2.13) 1.56 (1.02-2.40) .043%*
Cardiac dysrhythmias 98 13.9 9081 13.6  1.03(0.83-1.28) 1.06 (0.86-1.32) .580
Respiratory failure® 29 4.1 2101 3.1 1.33(0.91-1.93) 1.40 (0.96-2.04) .083

Note: *Adjusted for age, sex, calendar-year period of index admission and medical comorbidity.

®Acute respiratory failure or acute on chronic respiratory failure.
*P<.05,**P <.01, ¥**P < .001.

Table 3. Invasive Cardiac Procedures for Patients Admitted With Acute Coronary Syndrome

Psychotic No Psychotic
Disorder Disorder
n % n Yo Unadjusted OR (95% CI)  Adjusted OR (95% CI)* P
Cardiac procedure done
within 30 d of admission
Cardiac catheterization 92  13.1 14692 219 0.54(0.43-0.67) 0.54 (0.43-0.68) <.001***
Percutaneous coronary 90 12.8 14148 21.1 0.55(0.44-0.69) 0.55(0.44-0.70) <.001%*%*
intervention
Coronary artery bypass graft 5 0.7 636 0.9 0.75(0.31-1.81) 0.81(0.33-1.97) .643
Cardiac procedure done within
1 y of admission
Cardiac catheterization 154 219 23829 35.6 0.51(0.43-0.61) 0.46 (0.38-0.56) <.001***
Percutaneous coronary intervention 145 20.6 21586 32.2  0.55(0.46-0.66) 0.52 (0.42-0.63) <.001%*%*
Coronary artery bypass graft 13 1.8 2120 3.2 0.58(0.33-1.00) 0.60 (0.34-1.04) .066

Note: *Adjusted for age, sex, calendar-year period of index admission and medical comorbidity.

*P <.05,**P < .01, ¥**P < .001.

and poorer cardiac-care quality, multivariate regression
analyses for mortality adjusting for cardiovascular com-
plications, revascularization, and post-discharge pre-
scription of cardiac medications were conducted. As
shown in table 5, associations of psychotic disorders
with 30-day (reduced adjusted OR: 1.99 to 1.87 in model
2) and I-year (reduced adjusted OR: 2.13 to 1.49 in
model 3) mortality remained significant, albeit with small
to modest attenuation.

Additional Analyses

When comparing patients with schizophrenia (z = 509) to a
reference group, we observed patterns similar to the findings
in the main analyses for psychotic disorders. Schizophrenia
patients displayed significantly higher rates on mortality
(30-d and 1-y) and any cardiovascular complications, as
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well as lower likelihood of receiving cardiac catheterization,
PCI, and post-discharge cardiac medications (supplemen-
tary tables S2-S6). Overall, our age- (supplementary tables
S7-S10) and sex-stratified (supplementary tables S11-S14)
analyses revealed similar results as observed in the main
analyses, with psychotic disorders being found to be asso-
ciated with higher risks of mortality and cardiovascular
complications, and lower rates of cardiac procedures and
medication prescription. However, the effect of psychotic
disorders on heightened mortality was more pronounced
among younger (<65 y) (vs 265 y: adjusted OR [95% CI]:
3.33[2.34-4.75] vs 1.71 [1.38-2.12] for 30-d mortality; 3.11
[2.26-4.27] vs 1.88 [1.53-2.30] for 1-y mortality) (supple-
mentary table S8) and male (vs female: adjusted OR [95%
CI]: 2.25[1.73-2.93] vs 1.74 [1.34-2.25] for 30-d mortality;
2.42 [1.89-3.10] vs 1.86 [1.46-2.38] for 1-y mortality) pa-
tients (supplementary table S12).
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Table 4. Prescription of Cardiovascular Medications for Patients Discharged With Acute Coronary Syndrome?

Post-ACS Mortality in Psychotic Disorders

Psychotic No Psychotic
Disorder Disorder
n % n % Unadjusted OR (95% CI)  Adjusted OR (95% CI)® P
[-blockers 347 62.6 38752 66.5 0.71 (0.61-0.82) 0.81 (0.68-0.97) .020%*
Statins 375 67.7 44 344 76.1 0.58 (0.50-0.68) 0.54 (0.44-0.66) <.001%**
ACEIs/ ARBs 355 64.1 38435 66.0 0.76 (0.65-0.88) 0.92(0.77-1.10) .380
Antiplatelets
Aspirin 523 94.4 55477 95.2 0.60 (0.51-0.72) 0.84 (0.58-1.22) .359
Clopidogrel 301 54.3 35978 61.7 0.65 (0.56-0.75) 0.66 (0.55-0.80) <.001%***
Dual therapy® 290 52.3 36952 60.0 0.64 (0.55-0.75) 0.59 (0.50-0.70) <.001***
Combination therapy* 374 67.5 43092 73.9 0.73 (0.61-0.88) 0.67 (0.56-0.81) <.00]%**

Note: ACEIs = Angiotensin-converting enzyme inhibitors; ARBs = Angiotensin II receptor blockers.

“Medications prescribed within 90 d of discharge from index admission for acute coronary syndrome. In medication analyses, 554 pa-
tients with psychotic disorder and 58 277 patients without psychotic disorders were included.

®Adjusted for age, sex, calendar-year period of index admission, and medical comorbidity.

‘Dual therapy was defined as concomitant prescription of aspirin and clopidogrel.

dCombination therapy was defined as concomitant prescription of more than 2 of the 4 studied cardioprotective medications (f-blockers,

statins, ACEIs/ARBs, and antiplatelet agent).
*P <.05,**P < .01, ¥*P < .001.

Table 5. Mortality Analyses Adjusting for Cardiovascular Complications, Revascularization, and Medications

Psychotic Disorder No Psychotic Disorder

Model n % n % Adjusted OR (95% CI) P

30-d mortality 177 25.2 11252 16.8 1.99 (1.65-2.39)® <.001%***
Model 1° 1.99 (1.65-2.40) <.001%***
Model 2¢ 1.87 (1.55-2.26) <.001%***

1-y mortality 271 38.5 18259 27.3 2.13 (1.79-2.54) <.001%***
Model 1° 2.13 (1.78-2.54) <.001%***
Model 2¢ 1.83 (1.53-2.20) <.001%***
Model 3¢ 1.49 (1.22-1.82) <.001***

Note: “This was the original regression model adjusted for age, sex, calendar-year period of index admission and medical comorbidity.
"The regression model was further adjusted for any cardiovascular complications during index admission.

“The regression model was further adjusted for cardiovascular complications and revascularization intervention (ie, percutaneous coro-
nary intervention or coronary artery bypass graft) within 30 d of index admission.

9The regression model was further adjusted for cardiovascular complications, and revascularization intervention within 1 y of index ad-

mission.

°The regression model was further adjusted for cardiovascular complications, revascularization intervention within 1 y of index admis-
sion, and medication prescription (f3-blockers, statins, and clopidogrel) within 90 d after discharge from index admission.

*P < .05, **P < .01, ***P < .001.

Discussion

In the current analysis of a territory-wide, population-
based cohort of 67 692 patients admitted for incident
ACS in HK, we observed that individuals with psychotic
disorders were significantly younger, more often women,
and had higher prevalence of hypertension, diabetes, al-
cohol and substance use disorders than those without
psychotic disorders. Importantly, our results showed
that, compared with the remainder of the cohort, pa-
tients with psychotic disorders had elevated 30-day and
1-year mortality as well as higher occurrence of inpatient
cardiovascular complications. This is consistent with

a number of previous studies demonstrating increased
short-term mortality among schizophrenia patients fol-
lowing cardiac events.?*3$404247 Moreover, our findings
also suggested that patients with psychotic disorders may
present with more advanced ACS upon admission rela-
tive to those without psychotic disorders. Intriguingly,
our additional analyses further revealed that the effect
of psychotic disorder on heightened mortality was even
more pronounced among younger age group and men.
In particular, although older age was linked to higher
mortality irrespective of comorbid psychotic disorder,
we found that psychotic disorder was associated with
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approximately 3-fold increased odds of 30-day and 1-year
mortality in those ACS patients aged under 65 years. This
echoes widely replicated findings of markedly reduced
life expectancy in patients with psychotic disorders com-
pared with the general population.>® It should, however,
be noted that the less increased mortality rates in older
patients might be due to survival bias. Alternatively, our
observation of a higher proportion of women in psy-
chotic disorder group relative to the reference compar-
ison group might partly be explained by a significantly
shorter average lifespan in males with psychotic disorders
than their female counterparts.®

Many,?!32 38444 though not all,****! prior studies re-
ported that psychotic disorder was associated with de-
creased receipt of invasive cardiac procedures and
cardioprotective medications. We confirmed these find-
ings and found that patients with psychotic disorders had
significantly lower likelihood of receiving cardiac cath-
eterization and PCI as well as post-discharge prescrip-
tion cardioprotective medications than those without
psychotic disorders. Our results thus indicate deficits
in quality of post-ACS treatment for patients with psy-
chotic disorders. It is posited that the observed inequi-
table medical care is likely multifactorial, encompassing
patient, physician and system factors.®> Generally, accu-
mulating evidence suggests that patients with psychotic
disorders are less likely to receive standard levels of care
for physical diseases. Literature showed that guideline-
recommended screening and follow-up monitoring of
cardiovascular risk factors and metabolic parameters
were inadequately performed in patients with psychotic
disorders.®* Some past studies demonstrated that pa-
tients with psychotic disorders exhibited lower utilization
of primary healthcare,®’° medical specialist”' and cardi-
ologist services*® than the general population. A recent
study further revealed under-diagnosis of CVD prior
to CVD-related death among schizophrenia patients.”
Moreover, previous research suggested that schizo-
phrenia patients might be more likely to decline cardio-
vascular examination and revascularization following M1
than those without schizophrenia.” We did not have ad-
ditional information to identify barriers contributing to
inferior post-ACS treatment associated with psychotic
disorders. Further research is warranted to clarify differ-
ential roles of patient and provider factors in disparities
in cardiac care so as to facilitate improvement in access
to and provision of optimal cardiovascular treatment for
patients with psychotic disorders.

It is suggested that (increased) severity of ACS and
inequitable cardiac care, in particular, may explain a
substantial portion of excess mortality in psychotic dis-
orders.” To our knowledge, the current analysis is among
one of the very few studies comprehensively comparing
between patients with and without psychotic disorders in
short-term mortality, cardiovascular complications, spe-
cialized procedure receipt and prescription of secondary
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preventive medications after admission for incident ACS.
Our results showed that cardiovascular complications,
a proxy measure of ACS severity, did not exert signifi-
cant effect on raised mortality associated with psychotic
disorders. Critically, the associations between psychotic
disorder and elevated mortality remained robust, albeit
attenuated with a mild-to-moderate degree, even after
revascularization receipt and medication treatment (both
as indicators of cardiac-care quality) were additionally
adjusted in multivariate regression models. Hence, our
findings indicate that neither more advanced ACS pres-
entation nor inequitable cardiac care could substantially
account for increased mortality associated with psy-
chotic disorders. This is contrary to one earlier study re-
vealing that the association between schizophrenia and
increased 1-year post-MI mortality became insignificant
after revascularization and medication treatment were
adjusted.®® Nonetheless, this study was limited by fo-
cusing only on patients aged >65 years and small sample
size (schizophrenia, n = 161).*° In fact, our results are
broadly concordant with 2 recent studies demonstrating
that schizophrenia remained significantly associated with
heightened 30-day***° and 1-year mortality® with min-
imal attenuation even when rates of cardiovascular com-
plications,** cardiac procedures®®** and prescription of
cardioprotective medication® were controlled for. Of
note, the lack of significant between-group differences
in receipt of revascularization and medication treatment
in one of these 2 studies* may render it less optimal in
investigating the potential influence of treatment dis-
parity on increased mortality associated with psychotic
disorders. Conversely, a recent Danish nationwide cohort
study revealed that schizophrenia patients who were not
exposed to (or exposed to suboptimal) recommended
medications following M1 exhibited excess mortality over
20-year study period.* It is thus possible that mortality-
reducing effect of cardioprotective medications might
only become evident after longer follow-up duration.
Alternatively, it is acknowledged that raised IHD-related
mortality in psychotic disorders could be attributable
to factors other than insufficiency in cardiac care, espe-
cially lifestyle behaviors including physical inactivity, un-
healthy diet and smoking. In addition, recent data, which
revealed that schizophrenia patients had higher mortality
on all levels of multi-morbidity and across a broad range
of physical diseases such as CVD, suggested clusters and
trajectories of symptoms associated with schizophrenia
as the main driver of excess mortality.”* Future investiga-
tion is required to systematically delineate the impact of
these potentially modifiable lifestyle factors and illness-
related symptom profiles on post-ACS outcomes in pa-
tients with psychotic disorders.

Several limitations of the study should be noted. First,
a number of cardiovascular risk factors, including life-
style patterns, obesity, and family history of CVD were
not adequately recorded in medical database and thus



were not included in the current analysis. Second, we
did not have prescription data on psychotropic medi-
cations, including antipsychotics, which are associated
with increased CVD risk.?® Third, patients’ adherence to
prescribed cardioprotective medications could not be as-
sessed in this study. Fourth, our lack of information on
clinical characteristics of ACS, such as infarction type
and left ventricular function precludes us from deriving
more accurate estimation of ACS severity. This may also
affect our evaluation of cardiac procedure rates as M1 sec-
ondary to myocardial oxygen supply/demand mismatch
without acute coronary thrombosis™ does not indicate
revascularization. Fifth, reduced likelihood of undergoing
cardiac procedures in patients with psychotic disorders
might also contribute to their increased risk of inpatient
cardiovascular complications. This possibility, however,
could not be adequately addressed in our study owing to
the lack of information to delineate temporal sequence
between occurrence of cardiovascular complications and
receipt of cardiac interventions. Sixth, we only exam-
ined patients who were hospitalized for incident ACS.
This may introduce bias by potentially underestimating
post-ACS mortality risk in patients with psychotic dis-
orders, who were associated with lower healthcare service
utilization®*®7" and under-diagnosis of CVD relative
to the general population.” Seventh, CDARS-derived
diagnoses of psychotic disorders have not been system-
atically validated. We have employed a refined diagnostic
algorithm to minimize diagnostic misclassification, and
evidence has shown that clinical diagnosis of psychotic
disorders routinely collected in health-record database
is generally reliable for research (yielding high concord-
ance rate with research diagnosis).” Nonetheless, future
study evaluating validity of CDARS-derived diagnoses
for psychosis disorders is required to facilitate estimation
of diagnostic accuracy and potential impact of misdiag-
nosis bias on outcome analyses. Eighth, patients with bi-
polar disorder were excluded from our study cohort, and
therefore we could not address and verify recent findings
suggesting that bipolar disorder is associated with more
favorable post-ACS outcomes, particularly short-term
mortality, compared with schizophrenia.** Lastly, given
the short follow-up period, we were not able to examine
longer-term mortality and its relationship with treatment
inequality in patients with psychotic disorders.

In conclusion, in a large, population-based cohort of
patients admitted for incident ACS, our study indicates
that psychotic disorder is associated with elevated short-
term mortality, increased risk of cardiovascular compli-
cations, lower receipt of revascularization, and decreased
prescription of cardioprotective medications. Our find-
ings, nonetheless, suggest that excess mortality experi-
enced by patients with psychotic disorders could not be
fully explained by their greater ACS severity and inferior
cardiac care. Given the significance of under-treatment
and heightened mortality among ACS patients with
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psychotic disorders, more research is needed to better
understand the impact of and interactions among var-
ious factors contributing to inequalities in cardiovascular
treatment and poorer prognosis in this vulnerable pop-
ulation, which will, in turn, facilitate outcome improve-
ment following cardiac events.
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