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Background and Hypothesis: People with severe mental
illness (SMI) may experience excess mortality and in-
equitable treatment following acute coronary syndrome
(ACS). However, cardioprotective pharmacotherapy
and SMI diagnoses other than schizophrenia are rarely
examined in previous reviews. We hypothesized that SMI
including bipolar disorder (BD) is associated with in-
creased post-ACS mortality, decreased revascularization,
and cardioprotective medication receipt relative to those
without SMI. Study Design: We performed a meta-
analysis to quantitatively synthesize estimates of post-ACS
mortality, major adverse cardiac events (M ACEs), and re-
ceipt of invasive coronary procedures and cardioprotective
medications in patients with SMI, comprising schizo-
phrenia, BD, and other nonaffective psychoses, relative to
non-SMI counterparts. Subgroup analyses stratified by
SMI subtypes (schizophrenia, BD), incident ACS status,
and post-ACS time frame for outcome evaluation were
conducted. Study Results: Twenty-two studies were in-
cluded (» = 12 235 501, including 503 686 SMI patients).
SMI was associated with increased overall (relative risk
[RR] = 1.40 [95% confidence interval = 1.21-1.62]), 1-year
(1.68 [1.42-1.98]), and 30-day (1.26 [1.05-1.51]) post-
ACS mortality, lower receipt of revascularization (odds
ratio = 0.57 [0.49-0.67]), and cardioprotective medications
(RR = 0.89 [0.85-0.94]), but comparable rates of any/spe-
cific MACEs relative to non-SMI patients. Incident ACS
status conferred further increase in post-ACS mortality.
Schizophrenia was associated with heightened mortality
irrespective of incident ACS status, while BD was linked

to significantly elevated mortality only in incident ACS
cohort. Both schizophrenia and BD patients had lower
revascularization rates. Post-ACS mortality risk remained
significantly increased with mild attenuation after adjusting
for revascularization. Conclusions: SMI is associated
with increased post-ACS mortality and undertreatment.
Effective multipronged interventions are urgently needed to
reduce these physical health disparities.
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Introduction

Severe mental illness (SMI) including schizophrenia,
bipolar disorder (BD), and other nonaffective psych-
oses (ONAP) affects approximately 2%-3% of the pop-
ulation' and constitutes one of the major causes of
disability worldwide.* People with SMI have markedly
elevated risk of premature death, with 2.5- to 3-fold in-
creased rate of excess mortality>” and 11-18 years shorter
lifespan relative to the general population.®® Literature
has consistently shown that excess mortality associated
with SMI is mainly attributable to natural causes, with
cardiovascular disease (CVD) being one of the leading
causes of death.!!3 Substantial evidence also indicated
an increased risk of CVD, including coronary heart dis-
ease (CHD),'* among people with SMI compared to the
general population.'
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There has been a growing concern regarding physical
health disparities experienced by SMI patients following
acute coronary syndrome (ACS), a severe and potentially
life-threatening CHD subtype!® composed of acute my-
ocardial infarction and unstable angina which is associ-
ated with substantially elevated mortality risk relative to
stable CHD and overall CVD. It is well-established that
ACS is amenable to timely, evidence-based intervention
of coronary revascularization including percutaneous
coronary intervention (PCI) or coronary artery bypass
graft (CABG).!™® A large body of research has also re-
vealed that prescription of cardioprotective medications
after ACS constitutes an effective secondary prevention
of ACS recurrence and other adverse CVD-related out-
comes.'” Nonetheless, contrary to a significant decline
in CHD-related mortality in developed countries during
the past decades,'*? such mortality rate among SMI pa-
tients was found to remain stably high or decrease to
a much lesser degree than that of the general popula-
tion,">? indicating that SMI patients have not benefited
from the improved treatment. Previous meta-analyses
demonstrated an increased risk of post-ACS mortality
in patients with schizophrenia®' and with any mental dis-
orders.” Recent data have further revealed that SMI was
associated with a higher rate of major adverse cardiac
events (MACEs) other than mortality such as bleeding,
stroke, and reinfarction.?*?* Critically, there is evidence
suggesting that patients with CVD (including ACS) and
coexisting schizophrenia are less likely to undergo car-
diac procedures such as catheterization and coronary
revascularization than those CVD patients without
SMI1.222627 Moreover, schizophrenia patients exhibited
lower prescription rate of cardioprotective medication
treatment for CVD than those without SMI1.>-

Of note, although a number of meta-analyses have
recently been conducted to assess post-ACS mortality
and suboptimal cardiac care in SMI patients, several
important methodological constraints merit attention.
First, prior reviews focused either on SMI as a single
category or schizophrenia only without taking into con-
sideration other types of SMI, in particular BD,?!:222627
Second, thus far, there has been no synthesis of evi-
dence on the risk of MACEs other than mortality fol-
lowing ACS among SMI patients. Third, the most recent
meta-analytic review evaluated receipt of cardiac proced-
ures and cardioprotective medications in schizophrenia
patients with a more broadly defined CHD and CVD,
respectively, rather than specifically targeting at the oc-
currence of ACS.?” To our knowledge, there has been
no meta-analysis investigating treatment inequalities
on cardioprotective medications after ACS in SMI pa-
tients. Fourth, until now, no pooled analyses have been
conducted to delineate the effect of incident ACS status
(ie, first-recorded ACS) on post-ACS mortality and like-
lihood of receiving cardiac care for SMI patients.?!>26.27
This approach can avoid the confounding effect of past
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history of ACS on outcome evaluation. Furthermore,
past meta-analyses did not clarify potential differen-
tial rates of cardiac treatment receipt within various
time frames (eg, 30-day or l-year) following ACS.?>26:27
Incorporation of specified post-ACS time frames into
analysis, however, would enable a more refined estimation
of patterns of undertreatment experienced by SMI pa-
tients, especially the receipt of coronary revascularization
shortly after admission for ACS.

To this end, we conducted a systematic review and
meta-analysis with an aim to provide updated summary
estimates for the risk of mortality and other MACEs, as
well as the quality of cardiac care after ACS in patients
with SMI (comprising schizophrenia, BD, and ONAP)
relative to the counterparts without SMI. Post-ACS re-
ceipt of both cardiac procedures (cardiac catheterization
and coronary revascularization) and cardioprotective
medications were examined. In addition, subgroup
analyses stratified by specific cardiac procedures and
cardioprotective drug classes, types of SMI (schizo-
phrenia, BD), incident ACS status, and different post-
ACS time frames for outcome evaluation were performed.
The potential confounding effect of revascularization
receipt on post-ACS mortality was adjusted to allow a
more accurate estimation of mortality risk among SMI
patients following ACS.

Methods

This study was conducted in accordance with guide-
lines of Meta-analysis of Observational Studies in
Epidemiology®” and the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA; sup-
plementary table S1).* The study protocol was registered
with PROSPERO (CRD42021270212). Since this meta-
analysis was based on published data, the requirement for
ethical approval was waived.

Search Strategy

We systematically searched 4 electronic databases
(EMBASE, MEDLINE, PsycINFO, and Web of
Science) for articles published from inception to July
31, 2021. Relevant articles were searched using the
following keywords: (severe mental illness OR schiz-
ophrenia OR bipolar disorder) AND (acute coronary
syndrome OR myocardial infarction) AND (mortality
OR major adverse cardiac outcomes OR cardiac pro-
cedures OR revascularization OR cardiovascular
pharmacotherapy). The full search strategy for each
database is available in supplementary table S2. We
also checked the references of all eligible articles and
relevant review articles to identify additional studies
for inclusion into the meta-analysis. Two reviewers
(JLK.N.C. and R.S.T.C.) performed the searches inde-
pendently and then compared the results.
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Inclusion Criteria and Study Selection

Studies were included if they were English articles ful-
filling the following criteria: (1) included patients with
hospital admission for ACS comprising acute myocardial
infarction and unstable angina; (2) patients aged 15 years
or above with SMI (ie, schizophrenia, BD and ONAP)
diagnosed according to ICD or DSM classification (any
versions) or by validated diagnostic instruments that
could be mapped to ICD/DSM criteria; and (3) reported
risk ratios for mortality, any other MACEs, receipt of
cardiac procedures, or prescription of cardioprotective
medications in ACS patients with vs without SMI. We
excluded conference abstracts, review studies, or articles
reporting duplicate data.

Following the removal of duplicates, titles and ab-
stracts of the identified articles were screened independ-
ently by 3 reviewers (R.S.T.C., JW.Y.L., and C.H.) for
potentially relevant studies. The full text of the publica-
tions identified at the screening stage was then evaluated
independently by 2 reviewers (JW.Y.L. and C.H.) using
our selection criteria to determine the eligibility for in-
clusion in data synthesis, with disagreements being re-
solved by discussion with other members (W.C.C. and
C.S.M.W.,) of the research team.

Data Extraction and Risk of Bias Assessment

Data were extracted independently by 2 reviewers
(JK.N.C. and R.S.T.C.) from the included studies, and
disagreements were resolved by consensus. Information
extracted included: First author’s name, year of publica-
tion, study country and region, study design, time frame
for outcome evaluation, sample size of the ACS cohort,
age and sex of ACS patients, sample size of SMI patients,
SMI subtypes, incident ACS status, and risk ratios (in-
cluding odds ratios [ORs], hazard ratios [HRs], relative
risk) with 95% confidence intervals (Cls) for mortality,
other MACEs, cardiac procedures, or prescription of
cardioprotective medications. Since the current study
focused on schizophrenia, BD, and ONAP, studies in-
cluding data of patients with other psychiatric diagnoses
such as depression in the study sample of SMI were ex-
cluded. If studies reported outcome measures at multiple
time points (ie, specified time frames), the results on mor-
tality and MACE:s at the longest time-point, and the re-
sults on receipt of cardiac procedure and cardioprotective
medications at the shortest time-point would be selected
for analysis of an overall estimate of that particular out-
comes. Risk ratios of multivariable regression took prec-
edence over those of univariate regression. If several
adjusted risk ratios were reported for the same outcome,
the one controlling for the most comprehensive set of
covariates was chosen. We contacted authors to request
risk ratios if only cumulative incidence of outcomes in
SMI patients and comparison group were reported in
the publication. Risk of bias was assessed independently
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by 2 reviewers (J.LK.N.C. and R.S. T.C.) using Newcastle-
Ottawa Scale, which addresses the following 3 domains:
(1) selection (representativeness, selection of nonexposed
cohort, ascertainment of exposure, outcome of interest
was not present at baseline), (2) comparability (study con-
trolled for covariates), and (3) outcome (assessment of
outcomes, follow-up duration >3 years for mortality and
other MACEs unless otherwise specified). Disagreements
were resolved through consultation with other members
(W.C.C. and C.S.M.W.) of the research team.

Statistical Analysis

The OR and HR would approximate RR when cumu-
lative incidence of an outcome in the study population
is <10%.%"*? Since cumulative incidence of mortality
and other MACE:s is rare in the study population of in-
cluded studies, OR and HR were directly converted to
RR for these outcomes as in a previous meta-analysis
evaluating mortality risk in ACS patients with schizo-
phrenia.’! Conversion between RR and OR in outcomes
regarding receipt of cardiac procedures and prescrip-
tions of cardioprotective medications were performed
using the reported control event rate.’’ Standard errors
of RR and OR were estimated from their 95% CIs. RR
and OR were then log-transformed into a normalized
distribution. Random-effects meta-analytic models were
conducted to generate pooled estimates of transformed
RR and OR from included studies for each outcome
(ie, mortality, other MACEs, receipt of cardiac pro-
cedures, and prescription of cardioprotective medica-
tions). Heterogeneity was assessed using the chi-square
Cochran’s O-test and I? statistic (significant heterogeneity
indicated by P < .05 and/or an > > 50%). Publication
bias was examined using the funnel plot and Egger’s re-
gression asymmetry test. Synthesized estimates subject to
publication bias were further corrected for using Duval
and Tweedie’s trim-and-fill procedure. We also performed
2 sets of sensitivity analyses to evaluate the stability of re-
sults on pooled estimates of RR and OR by (1) restricting
the analyses to studies classified as fair or good quality
in risk-of-bias assessment; and (2) sequentially omitting
a study at a time (ie, leave-one-out analysis). Subgroup
analyses were performed, stratified by (1) SMI sub-
types (ie, schizophrenia and BD), and (2) specific types
of other MACEs (bleeding, reinfarction, stroke), car-
diac procedures (catheterization, PCI, CABG, and any
revascularization [ie, PCI/CABG]), and cardioprotective
medications (angiotensin-converting enzyme inhibi-
tors [ACEI]/angiotensin receptor blockers [ARB], beta-
blockers, statins, antiplatelet agents of aspirin, and
clopidogrel). Supplementary analyses were carried out to
evaluate influences of predefined study characteristics on
risk of mortality and quality of medical care, including
(1) specified time frame for outcome evaluation (30-
day and I-year mortality; receipt of cardiac procedures
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during index admission for ACS, <30 days post-ACS, or
<30 days post-discharge), and (2) the incident ACS status
(ie, first-diagnosed ACS). Regarding mortality, evidence
adjusting for revascularization was additionally pooled
based on the premise that inferior cardiac treatment may
substantially increase post-ACS mortality risk in SMI
patients. A minimum of 3 independent studies was re-
quired to justify pooling of estimates in each subgroup
and supplementary analysis. Meta-analysis models were
performed in R (version 4.0.2) with the metafor package.
P < .05 was considered statistically significant.

Results

Study Selection

The PRISMA flow diagram describing the process of
study identification and selection is shown in figure 1.
Literature search identified 7650 articles, from which 7077
remained after removal of duplicates. Upon exclusion of
irrelevant studies, we retrieved 57 full-text articles to be
assessed for eligibility. One additional study was identi-
fied from citation searching. Of these, 36 were excluded
mainly due to the following reasons: 13 did not report rel-
evant outcomes; 10 were conference abstracts; and 8 in-
cluded subjects without SMI or included mental disorders

other than schizophrenia, BD, or ONAP in the definition
of SMI. A total of 22 publications met inclusion criteria
and were included in the current meta-analysis.

Study Characteristics

Overall, the current meta-analysis included 12 235 501
patients with ACS (among which 503 686 had SMI diag-
noses) from Australia,®® Canada,**3¢ Denmark 7%
Hong Kong,* Sweden,** Taiwan,* United Kingdom,>*
and the United States.>*>! One study reported OR
of schizophrenia patients treated and untreated with
cardioprotective medications relative to those without
schizophrenia.* We selected the estimate of schizo-
phrenia patient subgroup treated with cardioprotective
medications because a focus of our study was to evaluate
the association of SMI with increased mortality in ACS
patients adjusting for treatment-related characteristics
including cardiac procedures and cardioprotective medi-
cations. All included studies were conducted in cohort de-
sign, except Wu et al.¥ and Attar et al.>* which adopted
nested case-control design. Diagnoses of schizophrenia,
BD, and ONAP were all based on ICD criteria. Of the
22 included publications, 18, 9, and 3 studies reported
post-ACS outcomes in patients with schizophrenia, BD,

[ Identification of studies via databases ] [ Identification of studies via other methods ]

)

g 7650 records identified from:

< Databases searching: 1 record

= Embase (n = 451); L » 573 duplicate records identified from

% MEDLINE (n = 236); removed citation

= PsychINFO (n = 1531); searching

= Web of Science (1 = 5432)
—

— v

v

7077 records screened

7020 records excluded

Screening

57 full-text reports assessed for .

36 reports excluded:

e 13 no relevant outcomes
10 conference abstracts
eligibility e 8 no schizophrenia or

bipolar disorder
e 4 reviews or editorials
e | full text not available

A

1 report assessed
for eligibility

0 Report
excluded

[

22 studies included in review

Included

22 reports of included studies <

Fig. 1. PRISMA flow chart for study selection.
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and ONAP, respectively. A total of 11 were conducted on
patients with incident ACS. Characteristics of included
studies are presented in table 1.

Meta-analysis and Subgroup Analyses of Mortality and
Other MACEs

Figure 2 summarizes RR of mortality in ACS patients
with vs without SMI in individual studies. The pooled
RR showed that SMI was associated with increased risk
of mortality (1.40 [95% CI = 1.21-1.62]), with significant
heterogeneity (Q,, = 918.7, P < .001, I = 97.3%, k = 18).
No publication bias was indicated by visual inspection
of the funnel plot (ie, lack of asymmetry; supplemen-
tary figure S1) and nonsignificant result of Egger’s test
(z =-0.7, P = .539). The synthesized estimate remained
largely consistent with that in the original analysis when
studies identified as of poor quality were excluded (1.36
[95% CI = 1.17-1.58]) and in the leave-one-out analysis
(1.36-1.45). The elevated risk of mortality remained sig-
nificant after controlling for receipt of revascularization
(1.36[1.06-1.74]; Q,, = 377.9, P < .001, I = 98.6%, k = 9;
supplementary figure S2). Subgroup analyses stratified
by specified time frame for mortality outcome evalua-
tion demonstrated that risk of 30-day (RR = 1.26 [95%
CI=1.05-1.51]; Q,,=438.1, P<.001, " =97.5%, k = 12)
and I-year mortality (1.68 [1.42-1.98]; O, = 45.1, P <
.001, P = 83.1%, k = 7) were significantly higher in SMI
patients relative to those without SMI (figure 2). In strat-
ified analyses by SMI subtypes, increased RR of mor-
tality was observed in schizophrenia (1.60 [1.31-1.96];
0,, = 376.6, P < .001, I* = 97.1%, k = 13) but not BD
(1.09[0.84-1.40]; O, = 123.0, P < .001, I* = 95.6%, k = 6)
(supplementary figure S3). The pooled RR for mortality
in SMI patients with incident ACS (1.74 [1.50-2.02];
0,,=105.9, P <.001, I* = 90.6%, k = 10) was higher than
that of the original analysis (supplementary figure S4).
When both SMI subtypes and incident ACS status were
considered, an elevated risk of mortality was observed in
both schizophrenia (2.00 [1.63-2.45]; Q, = 50.7, P < .001,
P = 88.5%, k = 7) and BD (1.55 [1.42-1.69]; O, = 0.8,
P = .685, P = 0.0%, k = 3) (supplementary figure S5).
Subgroup analyses stratified by SMI subtypes and speci-
fied time frame for outcome evaluation found that schizo-
phrenia (1.47[1.15-1.88]; O, = 140.3, P < .001, I*=97.1%,
k =9), but not BD (1.05[0.84-1.30]; Q, = 34.9, P < .001,
P =90.9%, k = 6), patients showed higher risk of 30-day
mortality relative to those without SMI (supplementary
figure S6). Concerning other MACEs, the summary esti-
mates of RR forany MACEs (1.25[0.99-1.57]; 0, =201.1,
P <.001, P = 98.6%, k = 5), bleeding (1.00 [0.78-1.28];
0,=127.4,P<.001, I*=97.7%, k = 3), reinfarction (0.99
[0.88-1.10]; Q, = 2.7, P = 434, I = 5.8%, k = 3), and
stroke (1.20 [0.96-1.49]; O, = 100.5, P <.001, I* = 94.7%,
k = 3) were not significantly increased in SMI patients,
relative to those without SMI (figure 3).
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Meta-analysis and Subgroup Analyses of Cardiac
Procedures

As shown in figure 4, ACS patients with SMI showed a
significantly reduced estimate of overall OR for any car-
diac procedures (0.53 [0.47-0.59]) compared to their coun-
terparts without SMI. The OR among included studies
were heterogeneous (Q,, = 1983.8, P < .001, I* = 99.1%,
k = 12). There is no evidence of publication bias as indi-
cated by the symmetrical funnel plot inspected visually
(supplementary figure S7) and nonsignificant result of
Egger’s test (z = —1.6, P = .117). The estimate of overall OR
was not significantly altered in sensitivity analyses, where
studies regarded as poor quality in the risk-of-bias assess-
ment were excluded (OR = 0.50 [95% CI = 0.45-0.57]) and
in the leave-one-out analysis (OR = 0.51-0.54). Subgroup
analyses stratified by types of cardiac procedures showed
lower rates of catheterization (OR = 0.49 [0.39-0.60];
0,=994.7, P < .001, * = 99.1%, k = 6), PCI (0.56 [0.46—
0.68]; 0,, = 583.4, P <.001, I =99.2%, k = 8), CABG (0.47
[0.33-0.69]; O, = 140.5, P < .001, I* = 94.0%, k = 6), and
any revascularization (0.57[0.49-0.67]; Q,, = 79.6, P < .001,
P =91.5%, k = 7) in SMI patients than those without SMI
(figure 4). In stratified analyses by SMI subtypes, the sum-
mary estimates of OR showed that both schizophrenia (0.43
[0.37-0.49]; Q,, = 349.4, P < .001, I* = 96.8%, k = 9) and
BD (0.74[0.66-0.84]; Q. = 57.2, P < .001, I = 96.4%, k = 5)
patients received lower rate of any cardiac procedures than
non-SMI counterparts (supplementary figure S8). Specified
time frame of during index admission, <30 days post-ACS,
or <30 days post-discharge (0.51 [0.45-0.58]; Q,, = 1912.8,
P <.001, P =99.0%, k = 10) and incident ACS status (0.47
[0.42-0.53]; Q,, = 25.6, P = .007, I* = 60.2%, k = 5) exerted
small effect on the synthesized estimate of OR for receipt of
any cardiac procedures (supplementary figures S9 and S10).
Concerning receipt of any revascularization, the pooled
estimates of OR were consistent with that of the original
analysis when specified time frame restricting to inpatient,
<30 days post-ACS, or <30 days post-discharge and inci-
dent ACS status were considered (supplementary figures
S11 and S12). Subgroup analyses stratified by SMI subtypes
and restricting to specified time frame of inpatient, <30 days
post-ACS, or <30 days post-discharge revealed lower like-
lihood of receiving revascularization after ACS in schizo-
phrenia (0.46 [0.38-0.55]; O, = 241.4, P < .001, I* = 96.9%,
k = 8) and BD patients (0.75 [0.63-0.89]; O, = 32.8, P <
.001, P = 96.3%, k = 4) than those without SMI (supple-
mentary figure S13). Proportions of ACS patients with and
without SMI who had received cardiac procedures in indi-
vidual studies included in the meta-analysis are shown in
supplementary table S4.

Meta-analysis and Subgroup Analyses of
Cardioprotective Medications

The pooled estimate of RR demonstrated a lower pre-
scription rate of cardioprotective medications within
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Acute Coronary Syndrome and Severe Mental Illness

Studies T RR (95% CI)
Mortality 1
Druss et al., 2001, SCZ +i— 1.23 (0.86 - 1.60)
Laursen et al., 2009, SMI | = 1.44 (1.13-1.57)
Kisely et al., 2009 (NAPD) 2 | 1.27 (1.09 - 1.48)
Abrams et al., 2009, BD (inpatient) * [-#— 1| 0.22 (0.05 - 0.70)
Abrams et al., 2009, BD (outpatient) ¢ —— 0.96 (0.70 - 1.35)
Abrams et al., 2009, SCZ (inpatient) —— 0.89 (0.60 - 1.35)
Abrams et al., 2009, SCZ (outpatient) | —— 1.61 (1.20 - 2.10)
Kurdyak et al., 2012, SCZ |—a— 1.56 (1.08 - 2.23)
Wu etal., 2013, BD —H— 1.19(0.63 - 2.22)
Wu et al., 2013, SCZ 1 L 2.68 (1.73 - 4.15)
Boden et al., 2015, SMI 1 —a— 2.11(1.74 - 2.56)
Sohn et al., 2015, SCZ —a— 1.72 (1.02 - 2.90)
Schulman-Marcus et al., 2016, SMI | 0.99 (0.95 - 1.04)
Jakobsen et al., 2017, SMI | —— 1.76 (1.51 - 2.06)
Protty et al., 2017, SCZ 1 & 1.38(1.24 - 1.54)
Kugathasan et al., 2018, SCZ | —8— 1.97 (1.25-3.10)
Attar et al., 2019, SCZ 1 —a— 2.54(2.22-2.90)
Mohamed et al., 2019, BD | 0.91 (0.86 - 0.97)
Mohamed et al., 2019, ONAP [ | 0.64 (0.60 - 0.68)
Mohamed et al., 2019, SCZ Im 1.10(1.04 - 1.16)
Attar et al., 2020, SCZ 1 —a— 2.38(1.84-3.09)
Chang et al., 2020, NAPD I —a— 1.49(1.22-1.82)
Hauck et al., 2020, SCZ I = 1.38(1.20 - 1.59)
Fleetwood et al., 2021, BD I = 1.55(1.42-1.70)
Fleetwood et al., 2021, SCZ 1 E 3 1.82(1.68 - 1.96)
RE model (7=97.3%, Q,,=918.7, P<0.001) 1 -5 1.40(1.21- 1.62)
1
30-day mortality 1
Druss et al., 2000, SCZ L 0.95(0.87 - 1.04)
Kisely et al., 2009, NAPD I = 1.56 (1.32 - 1.86)
Abrams et al., 2009, BD (inpatient) |-#— 1 0.22 (0.05 - 0.70)
Abrams et al., 2009, BD (outpatient) —a— 0.96 (0.70 - 1.35)
Abrams et al., 2009, SCZ (inpatient) —a— 0.89 (0.60 - 1.35)
Abrams et al., 2009, SCZ (outpatient) I —a— 1.61 (1.20 - 2.10)
Kurdyak et al., 2012, SCZ |—a— 1.56 (1.08 - 2.23)
Wu etal., 2013, BD — 1.19(0.63 - 2.22)
Wuetal., 2013, SCZ 1 = 2.68 (1.73 - 4.15)
Boden et al., 2015, SMI 1 —a— 1.99 (1.55 - 2.56)
Sohn et al., 2015, SCZ . 1.72(1.02 - 2.90)
Schulman-Marcus et al., 2016, SMI [ ] 0.99 (0.95 - 1.04)
Jakobsen et al., 2017, SMI —— 1.04 (0.71 - 1.52)
Mohamed et al., 2019, BD [ 0.91 (0.86 - 0.97)
Mohamed et al., 2019, ONAP m! 0.64 (0.60 - 0.68)
Mohamed et al., 2019, SCZ Im 1.10(1.04 - 1.16)
Chang et al., 2020, NAPD 1 —a— 1.87 (1.55-2.26)
Fleetwood et al., 2021, BD | - 1.53 (1.26 - 1.86)
Fleetwood et al., 2021, SCZ 1 —— 1.95(1.64 - 2.30)
RE model (7=97.5%, Q,5=438.1, P<0.001) :—9— 1.26 (1.05- 1.51)
1-year mortality 1
Druss et al., 2001, SCZ s 1.23 (0.86 - 1.60)
Kisely et al., 2009, NAPD | -m 1.27(1.09 - 1.48)
Boden et al., 2015, SMI 1 —— 2.11(1.74 - 2.56)
Jakobsen et al., 2017, SMI | —m 1.62(1.26 - 2.09)
Chang et al., 2020, NAPD | » 1.49(1.22-1.82)
Hauck et al., 2020, SCZ | » 1.38(1.20 - 1.59)
Fleetwood et al., 2021, BD 1 —— 1.90 (1.59 - 2.27)
Fleetwood et al., 2021, SCZ 1 —-— 2.22(1.91 - 2.59)
RE model (1=83.1%, Q,;=45.1, P<0.001) : - 1.68 (1.42 - 1.98)
0 1 2 3

Relative risk (95% CI)

Fig. 2. Risk of mortality in ACS patients with vs without severe mental illness. Noze: ACS, acute coronary syndrome; BD, bipolar
disorder; CI, confidence interval, NAPD, nonaffective psychotic disorders; ONAP, other nonaffective psychoses; RE, random effect;
RR, relative risk; SCZ, schizophrenia; SMI, severe mental illness. *NAPD comprised schizophrenia (SCZ) and ONAP, whereas ONAP
included acute and transient psychotic disorders, delusional disorder, and other/unspecified nonorganic psychosis. "Psychiatric diagnoses
(BD, SCZ) were ascertained during index admission for ACS. “Psychiatric diagnoses (BD, SCZ) were ascertained in outpatient settings
within 12 months before index admission for ACS.
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Studies

MACE

Jakobsen et al., 2017, SMI

Protty et al., 2017, SCZ

Attar et al., 2019, SCZ

Mohamed et al., 2019, BD

Mohamed et al., 2019, ONAP @

Mohamed et al., 2019, SCZ

Attar et al., 2020, SCZ

RE model (77=98.6%, Qc=201.1, P<0.001)

Bleeding

Protty et al., 2017, SCZ

Mohamed et al., 2019, BD

Mohamed et al., 2019, ONAP

Mohamed et al., 2019, SCZ

Attar et al., 2020, SCZ

RE model (17=97.7%, Q~=127.4, P<0.001)

Reinfarction

Jakobsen et al., 2017, SMI
Protty et al., 2017, SCZ
Attar et al., 2019, SCZ

Attar et al., 2020, SCZ
RE model (1>=5.8%, Q;=2.7, P=0.434)

Stroke

Protty et al., 2017, SCZ

Attar et al., 2019, SCZ
Mohamed et al., 2019, BD
Mohamed et al., 2019, ONAP

Mohamed et al., 2019, SCZ
RE model (7>=94.7%, Q,=100.5, P<0.001)

RR (95% CI)

- 1.53(1.33 - 1.77)
- 1.20 (1.09 - 1.31)

- 1.62 (1.45 - 1.81)
0.97 (0.93 - 1.02)
0.86 (0.82 - 0.90)
1.00 (0.95 - 1.05)
—a— 2.05 (1.63 - 2.58)
1.25 (0.99 - 1.57)

oo

y

135 (1.15 - 1.58)
0.85 (0.81 - 0.90)
n 1.11 (1.04 - 1.17)
0.70 (0.65 - 0.75)
1.27 (0.79 - 2.05)
1.00 (0.78 - 1.28)

1.05 (0.65 - 1.67)
1.02 (0.89 - 1.17)
0.88 (0.73 - 1.07)
1.29 (0.77 - 2.13)
0.99 (0.88 - 1.10)

aa

- 1.28 (1.13 - 1.85)
—a— 1.51 (1.15 - 1.99)
0.97 (0.89 - 1.05)

- 1.53 (1.42 - 1.65)

Y T

0.91 (0.83 - 1.00)
1.20 (0.96 - 1.49)

2 3
Relative risk (95% CI)

K

Fig. 3. Risk of MACEs in ACS patients with vs without severe mental illness. Note: ACS, acute coronary syndrome; BD, bipolar
disorder; CI, confidence interval; MACE, major adverse cardiac events; NAPD, nonaffective psychotic disorders; ONAP, other
nonaffective psychoses; RE, random effect; RR, risk ratios; SCZ, schizophrenia; SMI, severe mental illness. *°ONAP included acute and
transient psychotic disorders, delusional disorder, and other/unspecified nonorganic psychosis.

1 year after ACS in SMI patients relative to non-SMI
counterparts (0.89 [0.85-0.94]), with significant het-
erogeneity (Q,, = 109.4, P < .001, P = 89.4%, k = 5)
(figure 5). Asymmetrical funnel plot based on visual
inspection (supplementary figure S14) and significant

990

result of Egger’s test (z = -3.5, P < .001) indicated the
presence of a publication bias, which remained sig-
nificant after correction with the trim-and-fill proce-
dure (z = —3.5, P < .001). The leave-one-out analysis
showed that the pooled RR was not influenced by a
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Studies ] OR (95% CI)
Catheterization I
Druss et al., 2000, SCZ u I 0.41(0.37- 0.45)
Young & Foster, 2000, SCZ (<65 years) E " 0.70 (0.63 - 0.77)
Young & Foster, 2000, SCZ (>65 years) - I 0.51(0.42-0.62)
Kisely et al., 2009, NAPD - 1 0.47 (0.38 - 0.58)
Wu et al., 2013, BD - 1 0.38(0.24 - 0.59)
Wu et al., 2013, SCZ —— 1 0.37(0.26 - 0.53)
Mohamed et al., 2019, BD n 1 0.81(0.79 - 0.83)
Mohamed et al., 2019, ONAP ] 1 0.71 (0.68 - 0.73)
Mohamed et al., 2019, SCZ m | 0.46 (0.45 - 0.48)
Chang et al., 2020, NAPD - 1 0.46 (0.38 - 0.56)
RE model (72=99.1%, Q,=994.7, P<0.001) - : 0.49 (0.39 - 0.60)
PCI :
Druss et al., 2000, SCZ L 3 I 0.50 (0.45-0.57)
Young & Foster, 2000, SCZ (<65 years) - I 0.50 (0.41 - 0.60)
Young & Foster, 2000, SCZ (>65 years) - | 0.23 (0.15 - 0.36)
Jones & Carney, 2005, NAPD — 0.51(0.21 - 1.28)
Kisely et al., 2009, NAPD —— | 0.41(0.29 - 0.59)
Schulman-Marcus et al., 2016, SMI u 1 0.69 (0.67 - 0.71)
Jakobsen et al., 2017, SMI L 3 0.90 (0.48 - 1.70)
Mohamed et al., 2019, BD [ ] 1 0.57 (0.55 - 0.59)
Mohamed et al., 2019, ONAP ] 1 0.67 (0.65 - 0.70)
Mohamed et al., 2019, SCZ ml 0.88 (0.86 - 0.90)
Chang et al., 2020, NAPD - 1 0.55(0.44 - 0.70)
RE model (7=99.2%, Q,=583.4, P<0.001) - ! 0.56 (0.46 - 0.68)
1
CABG .
Druss et al., 2000, SCZ |} : 0.24 (0.21-0.28)
Young & Foster, 2000, SCZ (<65 years) —a— I 0.69 (0.51-0.91)
Young & Foster, 2000, SCZ (>65 years) —a— | 0.64 (0.43 - 0.94)
Jones & Carney, 2005, NAPD |—& 1 0.21(0.03 - 1.53)
Kisely et al., 2009, NAPD - | 0.35(0.25 - 0.49)
Schulman-Marcus et al., 2016, SMI | 1 0.59 (0.56 - 0.63)
Chang et al., 2020, NAPD 1 0.81(0.33-1.97)
RE model (1%=94.0%, Q¢=140.5, P<0.001) —— 1 0.47 (0.33 - 0.69)
1
Revascularization 1
Lawrence et al., 2003, BD (Female) —— 1 0.34 (0.18 - 0.64)
Lawrence et al., 2003, BD (Male) - | 0.31(0.21 - 0.45)
Lawrence et al., 2003, ONAP (Female) - 0.79 (0.62 - 1.01)
Lawrence et al., 2003, ONAP (Male) ! 0.77 (0.64 - 0.93)
Lawrence et al., 2003, SCZ (Female) —I:— 0.79 (0.52 - 1.20)
Lawrence et al., 2003, SCZ (Male) —— I 0.66 (0.48 - 0.91)
Laursen et al., 2009, SMI ] I 0.69 (0.68 - 0.70)
Kurdyak et al., 2012, SCZ - I 0.48 (0.40 - 0.56)
Wu etal., 2013, BD —— " 0.35(0.24-0.51)
Wuetal., 2013, SCZ —— 1 0.47 (0.30 - 0.74)
Schulman-Marcus et al., 2016, SM1 s | 1 0.59 (0.52 - 0.61)
Chang et al., 2020, NAPD - 1 0.54 (0.43 - 0.68)
Fleetwood et al., 2021, BD - | 0.69 (0.56 - 0.85)
Fleetwood et al., 2021, SCZ - | 0.57(0.48 - 0.67)
RE model (2=91.5%, Q,;=79.6, P<0.001) <~ 1 0.57 (0.49 - 0.67)
1
RE model for any cardiac procedures (1’=99.1%, Q5,=1983.8, P<0.001) o : 0.53 (0.47 - 0.59)
0.5

1

1.5

Odds ratio (95% CI)

Fig. 4. Receipt of cardiac procedures in ACS patients with vs without severe mental illness. Note: ACS, acute coronary syndrome; BD,
bipolar disorder; CABG, coronary artery bypass grafting; CI, confidence interval; NAPD, nonaffective psychotic disorders; ONAP, other
nonaffective psychoses; OR, odds ratio; PCI, percutaneous coronary intervention; RE, random effect; SCZ, schizophrenia; SMI, severe
mental illness. *NAPD comprised schizophrenia and ONAP, whereas ONAP included acute and transient psychotic disorder, delusional

disorder, and other/unspecified nonorganic psychosis.

single trial (0.89-0.92). Subgroup analyses stratified by
cardioprotective drug classes showed that SMI was asso-
ciated with lower prescription rates of ACEI/ARBs (0.92
[95% CI = 0.88-0.97]; O, = 6.4, P = 271, I = 22.0%,

k =5), beta-blockers (0.92 [0.88-0.95]; O, = 3.6, P = .465,
P =0.1%, k = 5), and statins (0.76 [0.61-0.94]; O, = 42.9,
P < .001, PP =95.5%, k = 4), but not aspirin (0.98 [0.96—
1.00]; Q, = 2.1, P =353, I = 5.1%, k = 3) or clopidogrel
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Studies I RR (95% CI)
ACEI/ ARBs |
Druss et al., 2001, SCZ - 0.91 (0.83 - 0.99)
Kisely et al., 2009, NAPD (ACEI) -I: 0.93 (0.84 - 1.02)
Kisely et al., 2009, NAPD (ARBs) _.I— 0.89 (0.64 - 1.23)
Jakobsen et al., 2017, SMI - 0.87 (0.78 - 0.97)
Attar et al., 2020, SCZ —a—! 0.74 (0.56 - 0.95)
Chang et al., 2020, NAPD @ -4 0.97 (0.91 - 1.03)
RE model (=22.0%, Qs=6.4, P=0.271) 3l 0.92 (0.88 - 0.97)
1
1
Beta-blockers I
Druss et al., 2001, SCZ —a— 0.75 (0.56 - 0.99)
Kisely et al., 2009, NAPD -l—: 0.88 (0.80 - 0.97)
Jakobsen et al., 2017, SMI .I 0.91 (0.85 - 0.96)
Attar et al., 2020, SCZ R 0.95(0.87 - 1.02)
Chang et al., 2020, NAPD -l]I 0.93 (0.86 - 0.99)
RE model (7=0.1%, Q,=3.6, P=0.465) @l 0.92 (0.88 - 0.95)
1
Statins :
Kisely et al., 2009, NAPD B = I 0.57 (0.47 - 0.69)
Jakobsen et al., 2017, SMI L] 0.96 (0.91 - 1.00)
Attar et al., 2020, SCZ — : 0.68 (0.56 - 0.80)
Chang et al., 2020, NAPD =, 0.83 (0.77 - 0.89)
RE model (2=95.5%, Q;=42.9, P<0.001) ——1 0.76 (0.61 - 0.94)
1
. 1
Asprin |
Jakobsen et al., 2017, SMI n 0.97 (0.93 - 1.01)
Attar et al., 2020, SCZ —IlI 0.93(0.83 - 1.01)
Chang et al., 2020, NAPD L | 0.99 (0.97 - 1.01)
RE model (7=5.1%, Q,=2.1, P=0.353) > 0.98 (0.96 - 1.00)
1
1
Clopidogrel |
Kisely et al., 2009, NAPD —a— | 0.63 (0.43 - 0.90)
Jakobsen et al., 2017, SMI -Ii 1.01(0.93 - 1.08)
Chang et al., 2020, NAPD -, 0.84 (0.76 - 0.91)
RE model (2=90.1%, Q,=13.9, P=0.001) —+ 0.86 (0.69 - 1.07)
1
1
Others |
Jakobsen et al., 2017, SMI, Ticagrelor | — 1.44 (1.06 - 1.92)
Attar et al., 2020, SCZ, P2Y 12 inhibitor —IJI 0.88 (0.76 - 1.00)
1
RE model for any cardioprotective medications
(P=89.4%, Q,,=109.4, P<0.001) e: 0.89(0.65-0.99)

T

—

2
Relative risk (95% CI)

Fig. 5. Prescription of cardioprotective medications in ACS patients with vs without severe mental illness. Note: ACEI, angiotensin-
converting enzyme inhibitors; ACS, acute coronary syndrome; AR Bs, angiotensin receptor blockers; CI, confidence interval, NAPD,
nonaffective psychotic disorders; RE, random effect; RR, relative risk; SCZ, schizophrenia; SMI, severe mental illness. *NAPD
comprised schizophrenia and ONAP, whereas ONAP included acute and transient psychotic disorders, delusional disorder, and other/

unspecified nonorganic psychosis.

(0.86[0.69-1.07]; 0, = 13.9, P = .001, I* = 90.1%, k = 3)
(figure 5). Incident ACS status exerted a small effect
on the summary estimate of RR for the prescription
rate of cardioprotective medications associated with
SMI (0.86 [0.78-0.95]; O, = 70.8, P < .001, I* = 93.1%,
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k = 2; supplementary figure S15). Proportions of
ACS patients with and without SMI who had received
cardioprotective medications in individual studies in-
cluded in the meta-analysis are shown in supplemen-
tary table S5.
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Risk of Bias Assessment

Of the 22 publications included in the current meta-
analysis, 15, 4, and 3 studies were rated as of good, fair,
and poor quality in the risk-of-bias assessment, respec-
tively. Failure to adjust for covariates including demo-
graphic characteristics, baseline physical comorbidity,
receipt of revascularization treatment, and prescription
of cardioprotective medications was the most common
methodological omission in analyses for mortality and
other MACEs. Details of the quality assessment for in-
dividual studies are presented in supplementary table S3.

Discussion

To our knowledge, this is the first meta-analysis to com-
prehensively summarize data on the risk of mortality and
other MACEs, as well as the likelihood of receiving inva-
sive cardiac procedures and cardioprotective medication
prescription following ACS in patients with coexisting
SMI encompassing schizophrenia, BD, and ONAP rela-
tive to non-SMI counterparts. Our results indicated that
SMI patients exhibited an increased risk of post-ACS
mortality, with significantly elevated overall, 30-day, and
I-year death rates (ie, 40%, 26%, and 68% higher rates,
respectively) relative to those without SMI. Subgroup
analyses stratified by SMI subtypes showed that schizo-
phrenia patients had 60% higher overall post-ACS mor-
tality rate (and 53% increased 30-day mortality rate) than
those without the disorder. This is consistent with a prior
meta-analysis demonstrating that schizophrenia was as-
sociated with 66% raised post-ACS mortality rate,?! al-
though several studies included in this pooled analysis
incorporated ONAP in their diagnostic definition for
schizophrenia?*#>> and were therefore excluded from our
analysis. Alternatively, the current study is the first to pro-
duce summary estimates on post-ACS mortality rate for
patients with BD. We found lack of significant increase
in overall and 30-day post-ACS mortality rates in BD
patients relative to non-BD patients. Notably, when our
analyses were restricted to studies examining incident
ACS cohorts, we observed further increase in overall
post-ACS mortality rate in SMI (RR: 1.74 vs 1.40) and
schizophrenia (RR: 2.00 vs 1.60). Importantly, our find-
ings revealed significantly increased overall mortality
rate in BD patients presenting with incident ACS (RR:
1.55). This thus indicates differential impact of presence
vs absence of past ACS episodes in estimating post-ACS
mortality risk among SMI patients, and suggests that fu-
ture investigation should take into account incident ACS
status in post-ACS outcome analysis. Comparatively, BD
was associated with lower magnitude of post-ACS mor-
tality risk than schizophrenia. Such findings, however,
should be treated with caution due to paucity of existing
data on BD. In fact, previous reports assessing post-ACS
mortality (and cardiac treatment) in SMI patients prima-
rily focused on schizophrenia, and BD was understudied
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in this respect.” More research evaluating mortality risk
following ACS in BD patients should be conducted to
verify our results. Conversely, SMI patients did not differ
from non-SMI patients in the likelihood of experiencing
any or specific MACEs (other than mortality) after ACS.
Nonetheless, a small number of studies available for our
analysis might preclude us from detecting subtle yet po-
tentially significant between-group differences.

Our findings that SMI patients were significantly less
likely to receive invasive cardiac procedures (47% lower
receipt), including cardiac catheterization and coro-
nary revascularization, than those without SMI fol-
lowing ACS are in keeping with previous meta-analyses
showing lower revascularization rate in schizophrenia pa-
tients.?>?%?’ Similar degrees of treatment inequalities were
observed in our subgroup analyses stratified by modal-
ities of cardiac procedures encompassing catheterization,
revascularization, PCI, and CABG (ranged 43%-53%
lower receipt), specified time frame of during index ad-
mission for ACS, 30 days post-ACS, or 30 days post-
discharge (49% lower), and incident ACS status (53%
lower). Both schizophrenia and BD were associated with
lower likelihood of receiving any cardiac procedures (SCZ:
57% and BD: 26% lower receipt) and revascularization
(SCZ: 54% and BD: 25% lower receipt) following ACS
than those without the disorders, with such differential
treatment gap being more pronounced in schizophrenia.
Critically, our study extends previous findings of meta-
analyses on suboptimal post-ACS cardiac care for SMI
patients in terms of reduced receipt of revascularization
by providing quantitative estimates indicating decreased
prescription rates of cardioprotective medications fol-
lowing ACS relative to those without SMI. Specifically,
our results revealed significantly lower prescription rates
for any cardioprotective medications (11% lower re-
ceipt) as well as ACEIs/ARBs, beta-blockers, and statins
(ranged 8%-24% lower) shortly after ACS among SMI
patients relative to non-SMI patients. Analysis restricting
to incident ACS cohort yielded similar estimate on re-
duced likelihood of any cardioprotective medication
prescription. However, SMI patients did not differ from
non-SMI counterparts in prescription rate for aspirin or
clopidogrel. This null finding might partly be explained
by a hierarchy within treatment, with antiplatelet agent
being regarded as an essential cardioprotective medica-
tion (relative to other cardioprotective drug classes) for
secondary prevention of recurrence of ACS and other
cardiac events.>*> In fact, earlier meta-analyses have also
demonstrated inequitable cardioprotective medication
treatment in SMI or schizophrenia patients, albeit in the
presence of any coexisting physical diseases? or broadly
defined CVD.? It is suggested that the association be-
tween SMI and inferior medical care could be explained
by an array of patient, physician, and system factors.*
For instance, symptoms of SMI such as psychotic symp-
toms, diminished motivation, and cognitive dysfunction

993


http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbac070#supplementary-data

J. K. N. Chan et al

may impair patients’ ability of proper self-management
for physical diseases including CVD, resulting in poorer
treatment outcome.*® Stigmatizing attitudes commonly
harbored by healthcare professionals in primary and spe-
cialist medical care settings towards people with SMI,%7-%¢
their heightened tendency of misattributing physical
symptoms to the manifestations of psychiatric disorders
(ie, diagnostic overshadowing),” and lack of service co-
ordination between medical and psychiatric care® are
also regarded as important barriers to early recognition,
timely and optimal management of physical diseases in
SMI patients.

It is posited that suboptimal cardiac care may ex-
plain a substantial portion of excess mortality in SMI
patients following ACS.%® A recent meta-analytic review
found that the relationship between schizophrenia and
raised post-ACS mortality became nonsignificant when
4 studies controlling for revascularization were pooled
for analysis.?! On the contrary, our results, which were
based on 9 studies with 12 SMI cohorts comprising also
BD and ONAP patients, showed that the association be-
tween SMI and elevated post-ACS mortality adjusting
for revascularization remained robust with mild attenu-
ation (reduced adjusted OR: 1.40-1.36), suggesting that
lower receipt of coronary interventional procedures is
unlikely to substantially account for increased mor-
tality associated with SMI. On the other hand, a small
number of published studies on post-ACS prescription of
cardioprotective medications in SMI patients precluded
us from further adjusting pharmacotherapy in our meta-
analytic models for a more refined estimation of post-
ACS mortality risk. That said, a recent study revealed
decreased post-ACS mortality risk, to a small degree,
among patients with nonaffective psychotic disorders
when cardioprotective medication prescription was ad-
justed in multivariate regression analysis.** A Danish
nationwide register-based study demonstrated that schiz-
ophrenia patients exposed to higher treatment intensity
of cardioprotective medications displayed greater reduc-
tion in mortality risk following myocardial infarction.® In
particular, patients with schizophrenia who were treated
with any combination of triple therapy had mortality rate
similar to those observed in the general population (ie,
patients on triple therapy after myocardial infarction but
without preexisting schizophrenia).?® Further investiga-
tion is warranted to clarify differential and combined ef-
fects of inequitable revascularization and cardioprotective
medication treatment on post-ACS mortality in SMI pa-
tients. Alternatively, it is suggested that excess mortality
after cardiac events in SMI patients is likely multifacto-
rial. Socioeconomic disadvantage and unhealthy lifestyle
including physical inactivity, poor diet, smoking, and
alcohol drinking, which are frequently associated with
SMI, may contribute to elevated mortality risk.> Use of
antipsychotics, the mainstay treatment for SMI, is a risk
factor of QTc interval prolongation® % which may induce
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cardiac arrhythmia (esp. torsade de pointes) and increase
mortality risk following ACS. Literature also showed
that patients with psychotic disorders had lower physical
healthcare utilization,® including cardiologist services,*
and were less likely to receive guideline-recommended
screening and monitoring of CVD risk factors and meta-
bolic parameters than the general population.?”* This in
turn may result in delayed initiation of treatment, more
advanced ACS presentation with greater severity, and
consequent heightened mortality rate for SMI patients.
In line with these findings, a recent study even noted
underdiagnosis of CVD prior to CVD-related death
among schizophrenia patients.®

Given that factors contributing to excess post-ACS
mortality and inferior cardiac care among SMI patients
are multiple and intertwined, adoption of multilevel in-
tervention framework® comprising preventative measures
for CVD development is thus recommended for outcome
improvement. Individual-level strategies include pro-
motion of patients’ physical health literacy and lifestyle
interventions addressing modifiable cardiometabolic risk
factors such as regular exercise, smoking cessation, and
weight reduction. Symptom control for SMI should be op-
timized to enhance patients’ self-management ability for
physical conditions, with judicious use of antipsychotics
(ie, avoid polypharmacy and high-dose treatment unless
clinically indicated) to minimize risk of metabolic syn-
drome and cardiotoxicity. System- and physician-focused
interventions consisting of strategies to reduce stigma to-
wards SMI patients with decreased diagnostic overshad-
owing, implementation of regular guideline-concordant
monitoring of cardiometabolic parameters, and facilita-
tion of coordinated psychiatric and physical healthcare
delivery.”® These measures would lower the likelihood
of underdiagnosis and undertreatment of CVD in
SMI patients. Additionally, as evidence indicates that
cardiometabolic abnormalities have already emerged in
the initial stage of SML® ® early intervention targeting
at CVD risk factors in this critical illness period™ could
lower the risk for subsequent poor cardiometabolic tra-
jectories and excess CVD-related mortality. Development
of cardiometabolic risk prediction algorithms that are
specific to SMI populations would further facilitate iden-
tification of patients at high risk for adverse CVD out-
comes and delivery of individualized interventions to
prevent avoidable morbidity and mortality.”!’?

Several limitations should be noted in interpreting the
study result. First, most of our pooled analyses showed
high heterogeneity, as is often the case in meta-analyses
of large-scale observational studies.”” We selected esti-
mates derived from the fully adjusted models of included
individual studies for our meta-analyses to minimize the
effect of potential confounders on the associations be-
tween SMI and various post-ACS outcomes. We also
performed subgroup analyses stratified by SMI sub-
types, incident ACS status, and specified time frame for



outcome evaluation to identify potential sources of het-
erogeneity. Nonetheless, there is a risk of utilizing data
from adjusted models which may be overadjusted, re-
sulting in lowering the likelihood to detect true effect dif-
ferences between SMI and non-SMI patients with ACS.
In addition, other potential contributors to the heteroge-
neity such as social deprivation, psychotropic medication
treatment, and lifestyle behaviors could not be examined
in the current meta-analysis as these variables were rarely
reported in previous studies. Second, pooled analyses
for BD, specific categories of MACESs, and individual
cardioprotective drug classes were conducted on a lim-
ited number of studies. These findings should be com-
prehensively reevaluated when more studies have been
published in this respect. Third, as the vast majority of
the included studies were conducted in Western countries
(with only 2 of the 22 included studies being conducted in
Asia), our reported summary estimates may not be gen-
eralizable to other geographical regions due to significant
cross-regional variation in sociocultural context, health-
care systems, and population health indices.”*”> Fourth,
we were unable to conduct additional analyses to further
clarify the association between SMI and post-ACS mor-
tality by controlling for differential mortality risk con-
ferred by SMI per se (ie, independent of ACS, as SMI
is associated with excess mortality) due to paucity of
existing data in this regard. Further research comparing
mortality rates of SMI patients experiencing ACS with
controls from the general population experiencing ACS,
as well as SMI patients and controls without ACS would
help delineate such confounding effect.” Fifth, as we only
included articles published in English, our meta-analysis
may therefore miss those studies which were potentially
eligible but published in other languages. Lastly, the cur-
rent study aimed to quantify mortality risk and quality
of cardiac care following ACS in SMI patients relative
to non-SMI counterparts. We were not able to address
possible mechanisms underlying elevated post-ACS mor-
tality rates (though revascularization receipt was also
adjusted) and inferior treatment for SMI. Future inves-
tigation is therefore needed to identify these mechanisms
and to clarify their differential contributions to adverse
post-ACS outcomes.

In conclusion, this meta-analysis indicates that SMI
patients experienced increased mortality rate, reduced
receipt of any cardiac procedures and revascularization,
as well as lower prescription rate of cardioprotective
medications following ACS relative to those without
SMI. The relationship between SMI and elevated
post-ACS mortality remained significant, albeit mildly
attenuated, after adjustment for revascularization.
SMI patients presenting with incident ACS demon-
strated further increase in differential mortality rate.
Schizophrenia and BD were associated with raised
post-ACS mortality rate and lower likelihood of re-
ceiving cardiac procedures and revascularization, with
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the magnitude of excess mortality and inequitable
treatment receipt being more pronounced in the former
than the latter. Our findings thus affirm poorer post-
ACS outcomes and inferior cardiac treatment for SMI
patients, and underscore an urgent need to adequately
address physical health disparities experienced by this
vulnerable population. Future research should also sys-
tematically evaluate relevant moderators and mediators
for heightened CVD-related mortality among SMI pa-
tients so as to optimize treatment strategies with conse-
quent outcome improvement.
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