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IMPORTANCE Mental disorders have been associated with traditional cardiovascular risk
factors that may mediate the risk of acute coronary syndrome (ACS).

OBJECTIVE To estimate the association of ACS among patients with mental disorders, as
compared with patients without mental disorders.

DATA SOURCES MEDLINE, Embase, and PubMed were searched for studies between July 1,
2025, and date of database inception.

STUDY SELECTION Study screening was performed in duplicates with conflicts resolved upon
consensus. Inclusion criteria were as follows: (1) observational or randomized study, (2)
measured association with ACS (incident events, risk ratio, odds ratio, hazard ratio [HR]), and
(3) investigated any clinical mental disorder (based on DSM and International Classification of
Diseases) before ACS events.

DATA EXTRACTION AND SYNTHESIS This systematic review adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. Data extraction
was performed in duplicate and resolved on consensus. Data were quantitatively synthesized
through random-effects meta-analysis. The National Institutes of Health Study Quality
Assessment Tools were used to assess the quality of included studies. Studies were analyzed
from January 1966 to October 2021.

MAIN OUTCOMES AND MEASURES Association and/or risk of ACS.

RESULTS Among 3616 initially identified studies, 25 full-text articles met inclusion criteria with
22 048 504 participants of median (IQR) age 48.0 (34.5-56.1) years, with 13 019 897 males
(59.1%). Depressive disorder (HR, 1.40; 95% Cl, 1.11-1.78; P = .01; Grading of
Recommendations Assessment, Development, and Evaluation [GRADE] certainty = very low),
anxiety disorder (HR, 1.63; 95% Cl, 1.40-1.89; P < .001; GRADE certainty = low), sleep
disorder (HR, 1.60; 95% Cl, 1.22-2.10; P < .001; GRADE certainty = low), and posttraumatic
stress disorder (PTSD; HR, 2.73; 95% Cl, 1.94-3.84; P < .001; GRADE certainty = moderate)
were associated with increased risk of ACS. Bipolar (HR, 1.48; 95% Cl, 0.47-4.61; P = .28;
GRADE certainty = very low) and psychotic (HR, 0.97; 95% Cl, 0.01-178.30; P = .06; GRADE
certainty = very low) disorders were not significantly associated with increased risk of acute
myocardial infarction, although they had similar point estimates to some other mental
disorders.

CONCLUSIONS AND RELEVANCE Results of this systematic review and meta-analysis suggest
that depressive disorders, anxiety disorders, PTSD, and sleep disorders were associated with
an increased risk of ACS. Particularly, PTSD and sleep disorders emerged as significant risk
factors for ACS, indicating the potential impact of sleep quality on cardiovascular outcomes.
Future research addressing these limitations could provide more nuanced insights into the
association between mental health and ACS.
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ental disorders are a putative risk factor for acute coro-

nary syndromes (ACSs), including myocardial infarc-

tion (MI) and unstable angina. Nearly 1 in 5 patients
hospitalized for ACS met diagnostic criteria for depression, with
an even greater proportion having subclinical depression.! In fact,
the American Heart Association concluded that depression may
be predictive of nonfatal cardiac events, making it an impor-
tant prognostic factor in populations with ACS.? Likewise, men-
tal disorders may increase the risk of early cardiovascular dis-
ease, with studies observing acute myocardial infarction (AMI)
among patients with schizophrenia 10 years earlier than non-
psychiatric controls.? Other mental disorders implicated in ACS
include bipolar disorder, posttraumatic stress disorder (PTSD),
and substance use disorders (SUDs).*®

Mental disorders have been associated with traditional car-
diovascular risk factors that may mediate the risk of ACS. For in-
stance, patients with type 1 bipolar disorders have over 4-fold
odds of having hypertension, compared with healthy
counterparts.” Moreover, patients with multiepisode schizo-
phrenia, irrespective of medications, were at higher odds of hav-
ing diabetes, hypertension, dyslipidemia, and overall meta-
bolic syndrome, as compared with the general population.®
Independent of traditional risk factors, schizophrenia, bipolar
disorder, and other mental disorders are associated with proin-
flammatory states (ie, vascular dysfunction, oxidative stress, ac-
celerated aging), critical to the development of ACS.°"'° For ex-
ample, depression has been associated with higher platelet factor
4 and B-thromboglobulin levels, and reduced nitric oxide syn-
thase levels, which may mediate increased thrombosis.!” There
may also be an association between mental disorders and bio-
logical hypersensitivity to acute stressors, as well as genetic pre-
dispositions to both mental and cardiovascular disorders.'®
Despite significant progress in diagnosis and management,

ischemic heart diseases remain the second most common con-
tributors to mortality and disability-adjusted life-years world-
wide.* Thus, it is important to recognize and treat at-risk popu-
lationsin a timely fashion, as treatment of cardiovascular disease
risk factors has been associated with reduced incidence of MIand
subsequent mortality.'® Despite investigations into the prevalence
of mental disorders among patients with cardiovascular disease
and the development of risk calculators incorporating mental dis-
orders as a predictor (eg, QRISK3 [University of Nottingham]), to
date, there are few systematic reviews investigating the impact
of mental disorders on ACS.?320 Existing reviews often investi-
gate mental disorders in isolation (eg, depression only and anxi-
ety only), heterogeneously define mental disorders using older
criteria (eg, DSM-III), pool heterogeneous effect sizes, and include
subclinical mental disorders.?"-2? Therefore, to build on the ex-
isting literature, through systematic review and meta-analysis,
this study intended to estimate the association of mental disor-
ders with ACS, specifically in those with International Classifica-
tion of Diseases (ICD) or DSM diagnosed mental disorders.

Methods

This study was conducted from January 2024 to July 2025 and
adhered to Preferred Reporting Items for Systematic Reviews
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Key Points

Question What is the association between mental disorders and
acute coronary syndrome (ACS)?

Findings In this systematic review and meta-analysis including 25
full-text articles with 22 048 504 participants, posttraumatic stress
disorder (PTSD) and depressive, anxiety, and sleep disorders were
generally associated with increased risk of ACS, with PTSD and sleep
disorders underscoring the importance of sleep quality on cardiovas-
cular outcomes. Meanwhile, bipolar and schizophrenia-spectrum
disorders were unclearly associated with ACS.

Meaning Sleep and other mental disorder-driven behaviors may
mediate ACS risk in this patient population; future research
addressing these limitations could provide more nuanced insights
into the association between mental health and ACS.

and Meta-Analyses (PRISMA) 2020 reporting guidelines.?* The
protocol was uploaded to Open Science Framework a priori.?4

Search Strategy and Inclusion Criteria

With the involvement of a research librarian, we searched
MEDLINE, Embase, and PubMed for studies on December 1,
2024, investigating the influence of mental disorders on ACS
(ie, AMI and/or acute unstable angina) with no restrictions
based on the date of publication or language. Our search terms
were related to AMI, unstable angina, ACS, and various men-
tal disorders, with specifics highlighted based on frequency
of appearance when collecting key articles. We included stud-
ies if they met the following criteria: (1) observational or ran-
domized study, (2) measured association of ACS (incident
events, risk ratio [RR], hazard ratio [HR], odds ratio [OR]) based
on ICD, and (3) investigated any clinical mental disorder (based
on DSM and ICD) before subsequent ACS event. In addition to
the inverse of our inclusion criteria, we excluded studies if they
(1) measured prevalence (eg, cross-sectional studies), (2) in-
cluded other forms of MI (eg, type 2), (3) did not include men-
tal disorders (eg, depressive symptoms instead of major de-
pression), and (4) did not provide adjusted effect sizes. There
were no sample size or language criteria.

Screening

We completed study screening on Covidence software. Re-
viewers screened titles and full texts in duplicate, with dis-
crepancies resolved by a third independent reviewer. The ref-
erences of all included studies were also systematically
screened to identify any additional relevant articles.

Extraction

We independently and in duplicate extracted relevant data from
theincluded studies into a Microsoft Excel spreadsheet that was
designed a priori. The primary outcome was the association with
ACS. We extracted the maximally adjusted effect sizes with cor-
responding 95% CIs. When 95% CI was not reported, we ex-
tracted the SE or P value to calculate the 95% CI. We collected
information including study design (cohort, case-control), first
author, year of publication, country, mental disorder, diagnos-
tic criteria, sample size, and demographic data (age, sex, eth-
nicity). Race and ethnicity data were not reported for this study;
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rather, we reported whether or not included studies adjusted for
ethnicity in their respective analyses.

Quality Assessment

We used the National Institutes of Health (NIH) Study Quality
Assessment Tools to assess the quality of included studies. In-
dependent reviewers assessed each criterion of the checklist
in duplicate, with discrepancies resolved by consensus.

Statistical Analysis

We used R, version 4.2.1 (R Foundation for Statistical Com-
puting) for all statistical analyses. A meta-analysis was per-
formed to calculate pooled HRs or ORs for dichotomous vari-
ables or a pooled standardized mean difference for continuous
variables. We used the maximally adjusted effect sizes where
possible. Where 1 outcome had multiple effect sizes (eg, HR
and RR), we avoided combining heterogeneous effect sizes and
opted to meta-analyze studies with the most commonly re-
ported effect size among that group. We pooled HRs under the
proportional hazards assumption, whereby we assumed risk
isindependent of time, and the point estimate reflected an av-
erage, instantaneous risk. Heterogeneity was considered sub-
stantial if P < .10 based on the x? test and was considered high
if 2 >50%. We used random-effects models for a more conser-
vative estimate of the effect size, acknowledging inherent
heterogeneity across various study populations and method-
ologies. Forest plots were used to graphically present signifi-
cant findings. Funnel plots were used to graphically repre-
sent the potential for publication bias, and statistics (intercept,
SE, t value, P value) were reported where possible. We as-
sessed certainty in pooled estimates using the GRADE (Grad-
ing of Recommendations Assessment, Development, and
Evaluation) approach, where pooled data from observational
studies started as low certainty evidence and were lowered if
issues were identified in the domains of risk of bias, indirect-
ness, inconsistency, imprecision or publication bias.?® All Pval-
ues were 2-sided, and a P value <.05 was considered signifi-
cant. Studies were analyzed from January 2024 to July 2025.

. |
Results

Study Characteristics

The Figure summarizes the screening process in the PRISMA
flow diagram. The initial search yielded 4297 studies with 681
duplicates, of which 3445 studies were removed by title and
abstract, leaving 171 full texts for review. Among 3616 ini-
tially identified studies, 25 full-text articles met inclusion cri-
teria with 22 048 504 participants of median (IQR) age 48.0
(34.5-56.1) years, with 9028 607 (40.9%) females and
13019 897 males (59.1%). Information on search strategy, NIH
Quality Assessment, GRADE analysis, and the PRISMA check-
list can be found in eTables 1 to 4 in Supplement 1.

Table 126-°° summarizes individual study characteristics.
Approximately, 18 studies (72%) were retrospective cohort
studies,?732.37.39-46.48-50 6 (24%) were prospective cohort
studies,?**3¢-38:47 and 1 (4%) were case-control studies.?® Psy-
chiatric disorders were mainly identified by ICD codes in 21
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Figure. PRISMA Flow Diagram

4297 Records identified in database search
2521 Embase
1257 PubMed
519 MEDLINE

*»‘ 681 Duplicates removed ‘

‘ 3616 Records screened ‘

—»‘ 3445 Records excluded ‘

‘ 171 Reports sought for retrieval ‘

v

‘ 171 Reports assessed for eligibility ‘

146 Reports excluded
82 Not clinical mental disorder
35 Not ACS
29 Wrong study design

25 Studies included in review

ACS indicates acute coronary syndrome.

studies (849%)26-33:35-41.:43-45.48-50 o1 DSM criteria in 4 studies
(16%).34:42:46:47 The most commonly investigated disorders
were anxiety (9 studies [36%]),27-31:34:3540,42,43,45,49 depres-
sive (10 studies [40%]),28-30-31:34,36-38,41,44,45 9 n 4 substance use
(4 studies [16%])?¢-32-43:48 disorders. Among the various forms
of ACS (ST-elevation MI [STEMI], non-STEMI [NSTEMI], un-
stable angina), included studies mainly investigated AMI
(STEMI, NSTEMI) in 21 studies (849%),26-33:35-44:46-50 gy ACS
in 2 studies (8%),%°-3® missed M1 in 2 studies (8%),>%*° and re-
infarction in 2 studies (8%).3%4°

Oftheincluded sample of 22 048 504 participants, 2 853 773
(12.9%) were diagnosed with a mental disorder at baseline, and
317780 (1.4%) fulfilled criteria for an incident ACS event.

Quality Assessment

All 25 studies were of fair quality per the NIH Study Quality
Assessment Tools. The most common weaknesses among stud-
ies included lack of repeat exposure measurements (24 stud-
ies [96%]),%7>° lack of sample size justification (24 studies
[96%]),26730:32-50 3nd lack of blinding (24 studies
[96%]).26_39’41_50

Primary Outcomes
Table 2 summarizes pooled effect sizes and 95% Cls for all eli-
gible analyses.

Anxiety Disorders

Anxiety disorders were significantly associated with increased
AMI events in 5 studies?”36-42:44:45 (HR, 1.63; 95% CI, 1.40-1.89;
P < .001; GRADE certainty = low) (eFigure 1in Supplement 1).

Mood Disorders
Depression was significantly associated with increased ACS

events in 6 studies?®-36-38:41.:44.45 (HR ' 1.40; 95% CI, 1.11-1.78;
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Table 1. Study Characteristics

Total Mental
Study Mental Age sample Female, disorder, Follow-up
Source type Country Source disorder Criteria (SD),y size, No. % % period  Adjusted factors
Ashraf et al,2® cc us Medicare Alcohol ICD NR 32846 40.9 16.7 90d Age, sex, geographic region,
2021 use Elixhauser comorbidity index
disorder
Chenetal,?” RC Taiwan NHIRD Panic ICD NR 38564 61.1 25.0 ly Age, sex, hyperlipidemia, kidney
2009 disorder disease, coronary heart disease,
monthly income, urbanization level
Choetal,?® RC South NHIS Depression ICD NR 2705900 50.3 64.0 10y Age, sex, socioeconomic status,
2019 Korea hypertension, diabetes,
dyslipidemia, smoking, alcohol use,
physical activity, body mass index
Chung et al,?® RC Taiwan NHIRD Nonapnea ICD 51.4 147297 63.7 333 10y Age, sex, comorbidities
2013 sleep (16.7)
disorder
Daskalopoulou  RC UK CALIBRE Depression ICD 47.6 1723695 50.8 23.6 13y Age, smoking, systolic blood
etal,3° (15.3) pressure, diabetes, cholesterol,
2016 socioeconomic status
Flygareetal,3* RC Sweden SWEDEHEART Anxiety, ICD 62.3 30212 36.1 11.3 5y Age, sex, country of birth, highest
2023 depression (8.4) attained education, annual income
adjusted for family composition,
occupational status, hospital size,
hospital stay in days, admission
year, diabetes, hypertension,
asthma, bronchitis, emphysema,
other chronic respiratory disease,
peripheral artery disease, previous
stroke, dementia, body mass index,
smoking status, left ventricular
ejection fraction, heart rate, systolic
blood pressure, infarct type,
reperfusion, revascularization,
discharge angiotensin-converting
enzyme inhibitors, angiotensin ||
receptor blockers, oral
anticoagulants, other antiplatelets,
B-blockers, aspirin, calcium
antagonist, digitalis, statins, other
lipid lowering agents
Gili et al,? RC Spain NR Cocaine, ICD 59.1 5475325 544 22.1 NR Age, sex, addictions, hospital group,
2014 tobacco (NR) comorbidities
use
disorder
Hsu et al,33 PC Taiwan NHIRD Insomnia  ICD 47.7 44080 57.1 50.0 9y Age, sex, hypertension, diabetes,
2015 (15.7) coronary artery disease,
hyperlipidemia, chronic kidney
disease, congestive heart failure,
peripheral artery disease, chronic
pulmonary disease
lozzia et al,>* PC Netherlands Lifelines Anxiety, DSM 443 125988 58.8 16.0 NR Age, sex, somatic disease related to
2020 depression (12.6) myocardial infarction, smoking,
physical health-related quality of
life
Jakobsen PC Denmark Danish PCR  Affective ICD 64.0 12102 61.7 3.8 NR Age, sex, symptom duration
etal,® disorder 0.1)
2017
Janszkyetal,?®  PC Sweden NR Depression ICD NR 49230 0.0 1.6 37y Smoking, diabetes, systolic blood
2010 pressure, alcohol consumption,
physical activity, father’s
occupation, coronary heart disease,
geographic area
Jungetal,3” RC South NHIS Depression ICD NR 2228043 2.8 37.9 9y Age, sex, smoking, alcohol
2021 Korea consumption, regular exercise, body
mass index, hypertension,
dyslipidemia, chronic kidney
disease, fasting blood glucose,
insulin use, prescription of 2 or
more antidiabetic agents
Khambaty PC us VACS Major ICD 48.0 26144 2.8 27.3 6y Age, sex, race, hypertension,
etal,>®2016 depressive 9.4) dyslipidemia, CD4 count, HIV-1
disorder, RNA, antiretroviral, hepatitis C
dysthymic virus, kidney disease, alcohol
disorder consumption, cocaine abuse or
dependence, hemoglobin levels
Lee et al,3° RC South NHIS Psychotic  ICD 38.2 96 252 50.9 50.0 15y Age, sex, Charleston Comorbidity
2024 Korea disorders (13.9) Index, household income, disability
(continued)
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Table 1. Study Characteristics (continued)

Total Mental
Study Mental Age sample Female, disorder, Follow-up

Source type Country Source disorder Criteria (SD),y size, No. % % period  Adjusted factors

Lin et al,*° RC Taiwan NHIRD SchizophrenidCD NR 29412 61.6 25.0 6y Age, sex, comorbidities

2010

Linetal,** RC  Taiwan NHIRD Depression ICD NR 54355 43.9  20.0 9y Age, sex, level of urbanization,

2014 geographic location, monthly
income

Martens etal,*> RC us VACS Gener- DSM 67.2 1015 17.9 10.0 9y Age

2010 alized (11.0)

anxiety
disorder

McGuiness RC us NIS Cannabis ICD 69.2 4684 39.0 50.0 9y Disorders of lipid metabolism,

etal,*32021 use (10.0) hypertension, diabetes, history of

disorder coronary artery disease, history of
cerebrovascular disease, chronic
kidney disease, COPD, congestive
heart failure, liver disease,
alcohol-related disorders,
malignancy, non-skin cancer,
hematologic malignancy, metastatic
cancer, schizophrenia, personality
disorders, mood disorders, asthma

Nakadaetal,** RC UK UK Biobank  Anxiety, ICD 56.1 431971 55.1 0.7 NR Age, sex, ethnicity, sleep

2023 depression (8.1) deprivation level, alcohol
consumption, smoking, sleep
duration, television viewing,
physical activity, body mass index

Park et al,*° RC South NHIS Anxiety, ICD 30.8 6557727 59.5 13.1 10y Age, sex, hypertension, diabetes,

2023 Korea bipolar, (5.0) dyslipidemia, metabolic syndrome,

depression, chronic kidney disease, smoking,
insomnia, alcohol consumption, physical
PTSD, activity, low income level
schizophrenia

Prieto et al,*® RC us REP Bipolar 1 DSM NR 688 52.0 50.0 17.3to  Hypertension, smoking, diabetes,

2016 20.9y alcohol use disorder

Remchetal,*”  PC us WTCHP PTSD DSM 51.3 5971 18.3 20.9 4y Age, sex, blood pressure, total

2018 (NR) cholesterol, body mass index,
tobacco use

Sharp et al,*® RC us KPSC Substance  ICD 48.9 325088 57.2 16.6 30d Age, sex, race, coronary artery

2022 use (20.7) disease, hypertension, diabetes,

disorder hyperlipidemia, stroke, peripheral
vascular disease, and medical center

Um et al,*® RC  South NHIS Panic ICD 54.3 1624718 68.0 0.4 10y Age, sex, income, smoking,

2023 Korea disorder (12.1) drinking, exercise, body mass index,
depression, fasting blood glucose,
insulin use, prescription of three or
more antidiabetic agents

Wu et al,>° RC  Taiwan NHIRD Bipolar, ICD 40.7 277817 469 209 NR Age, sex, income level,

2015 schizophrenia (15.3) urbanization, hypertension,

diabetes, hyperlipidemia,
psychotropic use

Abbreviations: CC, case-control; COPD, chronic obstructive pulmonary disease;
ICD, International Classification of Diseases; KPSC, Kaiser Permanente Southern
California; NHIRD, National Health Insurance Research Database; NHIS, National
Health Insurance System; NIH, National Institutes of Health Quality Assessment;
NR, not reported; PC, prospective cohort; Danish PCR, Danish Psychiatric

Central Research Register; PTSD, posttraumatic stress disorder; REP, Rochester
Epidemiology Project; RC, retrospective cohort; SWEDEHEART, The Swedish
Web System for Enhancement and Development of Evidence-Based Care in
Heart Disease; VACS, Veterans Aging Cohort Study; WTCHP, WTC Health
Program.

P = .01; GRADE certainty = very low). However, bipolar disor-
ders were not significantly associated with AMI in 3
studies*>4%>0 (HR, 1.48; 95% CI, 0.47-4.61; P = .28; GRADE cer-
tainty = very low) (eFigures 2 and 3 in Supplement 1).

Psychotic Disorders

Psychotic disorders were not significantly associated with AMI
in 2 studies®*®-*° (HR, 0.97; 95% CI, 0.01-178.30; P = .06; GRADE
certainty = very low) (eFigure 4 in Supplement 1).

Sleeping Disorders

Sleeping disorders were associated with increased ACS events
in 3 studies?®-3>4> (HR, 1.60; 95% CI, 1.22-2.10; P < .001; GRADE
certainty = low) (eFigure 5 in Supplement 1).
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PTSD

PTSD was associated with increased incidence of AMI in 2
studies*>*” (HR, 2.73; 95% CI, 1.94-3.84; P < .001; GRADE cer-
tainty = moderate) (eFigure 6 in Supplement 1).

SUD

SUD was associated with an increased odds of AMI in 3
studies?®-3243 (OR, 2.41; 95% CI, 1.45-3.99; P = .01; GRADE cer-
tainty = very low) (eFigure 7 in Supplement 1).

Recurrent ACS Events

Severe mental illness was not associated with increased reinfarc-
tion eventsin 2 studies®*> (HR, 1.14; 95% CI, 0.98-1.33; P = .06;
GRADE certainty = very low) (eFigure 8 in Supplement 1).

JAMA Psychiatry Published online January 14, 2026

© 2026 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.

E5


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2025.4253?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.4253
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2025.4253?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.4253
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2025.4253?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.4253
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2025.4253?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.4253
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2025.4253?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.4253
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2025.4253?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.4253
http://www.jamapsychiatry.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2025.4253

E6

Research Original Investigation

Mental Disorders as a Risk Factor of Acute Coronary Syndrome

Table 2. Summary of Meta-Analyses

Mental disorder Outcome Measure ES (95% Cl) Pvalue G X2 GRADE certainty
Anxiety AMI HR 1.63 (1.40-1.89) <.001 5 41.0 0.14 Low

Bipolar AMI HR 1.48 (0.47-4.61) .28 3 90.4 <0.0001 Very low
Depressive ACS HR 1.40(1.11-1.78) .02 6 93.7 <0.0001 Very low

Any mood ACS HR 1.42(1.14-1.77) .006 9 92.1 <0.0001 Very low
Psychotic AMI HR 0.97 (0.01-178.30) .95 2 97.9 <0.0001 Very low
Sleeping ACS HR 1.60(1.22-2.10) <.001 3 755 0.02 Low

PTSD AMI HR 2.73(1.94-3.84) <.001 2 00 0.33 Moderate

SUD AMI OR 2.41(1.45-3.99) .01 3 841 0.0003 Very low

Severe mental illness Reinfarction HR 1.14 (0.98-1.33) .06 2 0.0 0.73 Very low

Abbreviations: ACS, acute coronary syndrome; AMI, acute myocardial
infarction; ES, effect size; GRADE, Grading of Recommendations Assessment,
Development, and Evaluation; HR, hazard ratio; OR, odds ratio; PTSD,

posttraumatic stress disorder; SUD, substance use disorder.
2 Represents number of studies.

|
Discussion

This systematic review and meta-analysis of over 22 million
patients investigating the association of mental disorders with
ACS found that depressive, anxiety, posttraumatic, and sleep-
ing disorders were associated with an increased risk of ACS.
The included studies were primarily retrospective cohorts with
large sample sizes and moderate quality of evidence. Al-
though bipolar and psychotic disorders failed to reach statis-
tical significance, previous results suggest that they may still
be associated with cardiovascular disease and mortality.>!

Building on existing literature, our review reaffirms men-
tal disorders as a potential risk factor for cardiovascular dis-
ease, namely ACS and AMI. Mental disorders likely mediate ACS
through traditional vascular risk factors, a genetic link to coro-
nary artery disease, proinflammatory states, exaggerated physi-
ologic responses to acute stressors (eg, increased sympathoad-
renal hyperactivity), and their sequelae (eg, increased plasma
catecholamines, vasoconstriction, platelet activation).?>>2->4 Dis-
order-driven behaviors (eg, avoidant coping strategies in anxi-
ety disorders) may predispose and augment unhealthy behav-
iors (eg, reduced smoking cessation) among individuals with
mental disorders.>>>® These behaviors may be conceptualized
as confounders, mediators, or both with mediation related to the
extent that they are driven by the underlying disorder. Never-
theless, this meta-analysis was limited by significant statistical
heterogeneity, and future studies may benefit from separately
adjusting for behaviors to facilitate interpretation.

We found that bipolar disorder had a nonsignificant asso-
ciation with ACS, coinciding with conflicting literature. For in-
stance, although Lin and colleagues®” found bipolar disorder
not to be significantly associated with AMI, a meta-analysis®®
of 27 studies showed that bipolar disorder was associated with
an elevated RR of cardiovascular mortality of 1.76 (95% CI, 1.53-
2.01). A greater burden of mood symptoms over the long-
term course of illness has been associated with bipolar
disorder.>?-°° Our nonsignificant result likely reflects our in-
cluded sample’s younger age and likely use of psychotropic
medications. As extended course of mental disorder is asso-
ciated with increased cardiovascular mortality, accelerated ag-
ing likely mediates ACS and AMI among patients with bipolar
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disorder.®' The lower prevalence of these markers in younger
patients, combined with the higher incidence of atheroscle-
rosis-driven cardiovascular mortality in those older than 65
years, likely reduces the impact of course of illness as a me-
diator and nullifies the association between bipolar disorder
and ACS.®! Many studies did not report age; therefore, this sys-
tematic review cannot assess whether age differences in
samples moderated the association. Finally, with smaller
sample sizes, these meta-analyses were likely subject to meth-
odological heterogeneity across studies.

Our review observed the largest risk of ACS and AMIamong
patients with PTSD and sleep disorders. Augmenting tradi-
tional mechanisms, we hypothesize sleep disturbances to be
a significant driver of coronary heart disease in both disor-
ders, coinciding with previous findings of PTSD-associated dis-
turbances being most firmly associated with history of MI.52
Poor sleep is associated with poor glycemic control and in-
creased oxidative stress, which may augment PTSD symp-
toms and mediate risk for AMI.®2 To the extent that poor sleep
is due to the disorder, it would represent a proximal mediator
to the resultant distal mediators (eg, glycemic control, oxida-
tive stress). As our meta-analyses’ primary studies adjusted for
traditional vascular risk factors, positive signals seen in sleep
disorders reinforce their potential impact on ACS incidence.
Well-designed prospective studies could estimate to what ex-
tent sleep mediates the association between PTSD or other
mental disorders on ACS, especially as sleep symptoms are
underreported in primary settings.®? However, especially as
PTSD is associated with depression, anxiety, and other psy-
chiatric comorbidities, without adjustment for other psychi-
atric comorbidities, it may be difficult to ascertain the true in-
dependent impact of sleep on ACS events.

Notably, psychotic disorders were not associated with in-
creased AMI risk, directly contrasting with previous studies
suggesting otherwise.>®>” This was likely driven by Wu and
colleagues,®® as depending on degree of adjustment (ie, omit-
ting adjustment for medications), the effect size varied. Anti-
psychotic drugs are associated with traditional vascular risk
factors including weight gain, lipid abnormalities, insulin re-
sistance, and direct cardiac adverse effects.®® Regressions ad-
justing for both vascular risk factors and antipsychotic medi-
cations likely introduce some collinearity, which could lead to
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underestimation of illness effects. Thus, in addition to accel-
eration of coronary atherosclerosis, schizophrenia likely con-
fers additional risk to AMI. However, without multiple mod-
els adjusting for different clusters of variables (eg, vascular risk
factors, medications, behavior), it is difficult to discern in what
ways and with what results coronary atherosclerosis may me-
diate or confound psychotic disorders’ association with ACS.

Among the included studies, anxiety and depressive dis-
orders accounted for the majority of investigated mental dis-
orders. This finding is reflected in the meta-analysis by Zeng
and colleagues®* in which a high prevalence of coronary heart
disease was seen among this population; through mendelian
randomization, Zeng and colleagues®* postulated a strong
causal link between depression and coronary heart disease. Pa-
tients with mood disorders are thought to experience greater
mood-induced release of glucocorticoids leading to altered
amygdala function and hyperalgesia from the heart. Subse-
quently, patients with depressive and anxiety disorders are
more likely to report physical symptoms.®® An increased ten-
dency to report physical symptoms concerning for angina may
lead to more investigation among patients with mental disor-
ders and subsequently reduce chance of unrecognized MIs.>®
However, the importance of diagnostic overshadowing can-
not be overstated as Solmi and colleagues® recognized in their
meta-analysis, with significant disparities in screening be-
tween patients with and without mental disorders, namely for
schizophrenia and bipolar disorders. Although our results do
not warrant changes in diagnostic strategies for patients with
mental disorders, it is imperative that physicians remain ob-
jective and continue to provide high-quality physical health
care to patients with mental disorders.

Strengths and Limitations

Our study’s strengths include its inclusion of cohort studies
with large sample sizes from multiple databases, use of a broad
search strategy, and use of adjusted effect size. Our a priori pro-
tocol minimized reporting bias, and our screening, extrac-
tion, and quality assessment in duplicate reduced interrater
errors. Furthermore, included studies in this meta-analysis
were mainly of fair quality of evidence, which allowed for syn-
thesis of generally reliable evidence.

However, our study has some limitations, which include un-
derreporting of baseline characteristics, including precise follow-
up duration (precluding meta-regression), the type of AMI (ie,
STEMI, NSTEMI), or the type of psychotropic medications. Aug-
mented by the predominance of studies investigating AMI over
unstable angina, it is difficult to comment to what extent the se-
verity of coronary heart disease correlates with mental disorder.
Moreover, heterogeneity likely stemmed from diverse samples,
varied study designs, different follow-up periods, and inconsis-
tent adjustment of covariates. For instance, among included stud-
ies for depression, the mean age ranged from 30.8 years to as high
as 62.3 years, thereby introducing varying vascular risk profiles.
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Likewise, although most included studies adjusted for age and
sex, adjustment of different degrees of vascular risk factors or so-
cioeconomic factors likely further introduced heterogeneity. Ad-
ditionally, by using ICD codes, data were subject to administrative-
based claims and, thus, misclassification bias due to heterogeneity
in diagnostic criteria. As severe cases are more likely to be cap-
tured, milder and prevalent cases may be missed; thus, the as-
sociation of mental disorders with ACS may be exaggerated. De-
spite analyses with substantial heterogeneity, as our aim was to
summarize the overall direction and magnitude of associations
rather than to derive a single precise estimate, we used arandom-
effects meta-analysis to account for the substantial heterogeneity
among studies. The findings should be interpreted with caution,
as the observed variability underscores the need for more stan-
dardized and methodologically consistent research in this area.
Finally, we acknowledge that meta-analyses including only 2 stud-
ies provide limited statistical power and do not allow for robust
assessment of heterogeneity or publication bias. However, given
the scarcity of available data on this topic, we included these
analyses to provide a preliminary quantitative summary and to
highlight areas where further research is needed. Thus, future
studies should perform multistaged regressions adjusting for dif-
ferent clusters of variables (eg, vascular risk factors, behaviors and
coping mechanisms, medications) to help estimate impacts of
both confounders and mediators affecting the relationship of
mental disorders and ACS (and outcomes including mortality or
hospitalizations).

. |
Conclusions

In conclusion, in this systematic review and meta-analysis, we
found depressive, anxiety, traumatic, and sleeping disorders to
be associated with an increased incidence of ACS, highlighting
the importance of mental health in cardiovascular outcomes.
These associations are likely mediated through genetic predis-
positions, traditional vascular risk factors, proinflammatory pro-
cesses, and illness-driven behaviors. PTSD and sleep disorders
emerged as notable factors, likely reflecting the importance of
sleep on cardiovascular outcomes. Meanwhile, bipolar and psy-
chotic disorders failed to reach statistical significance; how-
ever, they are likely associated with ACS, albeit more depen-
dent on traditional vascular risk factors. Understanding these
mechanisms can guide targeted interventions to mitigate the
risk of ACS in individuals with mental disorders. However, the
meta-analysis also acknowledges limitations, such as statisti-
cal heterogeneity, and potential biases in study designs. Fu-
ture research addressing these limitations could provide more
nuanced insights into the association between mental health
and ACS outcomes. Ultimately, integrating mental health screen-
ing and management into cardiovascular care could signifi-
cantly improve outcomes and reduce the burden of ACS among
individuals with mental health disorders.
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