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Abstract

Mental health disorders (MHDs) and acute coronary syndromes (ACSs) demonstrate re-
ciprocal pathophysiological connections with substantial prognostic implications. Despite
robust evidence linking MHDs to adverse cardiovascular outcomes, the bidirectional rela-
tionship remains inadequately characterized in clinical practice, with limited integration of
mental health screening into routine cardiac care pathways. The present narrative review
comprehensively presents contemporary data on epidemiology, shared biological mecha-
nisms, clinical consequences, and integrated management strategies across the MHD-ACS
continuum. A synthesis of peer-reviewed literature, meta-analyses, observational cohorts,
randomized trials, and international guideline documents was performed, focusing on
depression, anxiety, post-traumatic stress disorder, bipolar disorder, schizophrenia, and
suicidality in relation to ACSs. MHDs are highly prevalent in ACS populations and inde-
pendently predict increased mortality, major adverse cardiac events, and poorer functional
recovery. Shared mechanisms include chronic low-grade inflammation, autonomic imbal-
ance, hypothalamic—pituitary—adrenal axis hyperactivation, platelet hyperreactivity, and
endothelial dysfunction. Selective serotonin reuptake inhibitors and cognitive behavioral
therapy demonstrate the strongest evidence for treating depression in cardiac populations.
Collaborative, stepped-care, and integrated cardiac rehabilitation models consistently im-
prove psychological outcomes, with variable effects on cardiovascular endpoints. MHDs
and ACSs form a self-reinforcing clinical continuum. Routine mental health screening and
integrated cardio-psychiatric care represent essential components of secondary prevention
and long-term outcome optimization.

Keywords: acute coronary syndrome; mental health disorders; depression; bidirectional
relationship; anxiety; bipolar disorder; schizophrenia; PTSD; multidisciplinarity

1. Introduction

Acute coronary syndromes (ACSs) represent a group of closely related ischemic enti-
ties that form a continuous clinical spectrum with progressively increasing severity. This
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spectrum comprises unstable angina, non-ST segment elevation myocardial infarction
(NSTEMI), and ST segment elevation myocardial infarction (STEMI) [1]. Across this contin-
uum, patient presentation varies substantially. Some individuals may exhibit minimal or
no symptoms, whereas others develop recurrent or persistent chest discomfort accompa-
nied by autonomic or respiratory complaints. Electrocardiographic patterns observed in
ACSs are similarly heterogeneous. Tracings may appear normal or demonstrate ischemic
changes, including ST segment depression, ST segment elevation, or complex ventricular
arrhythmias. Initial evaluation combining clinical features and ECG characteristics allows
for provisional classification into non-ST segment elevation ACS (NSTE ACS) or STEMI [2].

At present, ACS constitutes the dominant pathological mechanism underlying cardio-
vascular mortality on a global scale [3]. Worldwide dissemination of industrialization and
urban lifestyles has driven an unprecedented rise in the incidence of acute coronary events,
reaching proportions comparable to a global pandemic. Across populations, coronary
artery disease (CAD) is responsible for nearly one-third of all deaths, making it the leading
individual cause of mortality in adults. Within the United States, a new acute coronary
episode is documented roughly every 25 s, while a fatal outcome related to ACS occurs
approximately once per minute. CAD and its acute clinical expression as ACS impose
substantial consequences at multiple levels. Individuals experience marked reductions
in quality of life, healthcare systems face sustained pressure, and societies bear extensive
economic costs. Therefore, these disorders represent a central driver of illness and death
across diverse ethnicities, cultures, and demographic groups [4].

Beyond the overarching epidemiological impact of ACS, attention has increasingly fo-
cused on the complex group of factors that predispose individuals to acute ischemic events.
Classical cardiometabolic conditions remain central contributors. These include hyperlipopro-
teinemia or dyslipidemia characterized by elevated low-density lipoprotein cholesterol, ar-
terial hypertension, diabetes mellitus or metabolic syndrome, and chronic inflammatory
states related to infection or autoimmunity. In contrast, higher concentrations of high-density
lipoprotein cholesterol are consistently associated with lower coronary risk. Several additional
mechanisms meaningfully shape both the likelihood of acute events and subsequent outcomes.
Examples include high-risk atherosclerotic plaque morphology, abnormalities of coronary
flow with low shear stress, endothelial dysfunction, and coronary microvascular impairment,
all of which contribute to plaque instability and ischemic risk. Moreover, persistent or exces-
sive inflammatory activity constitutes a central pathogenic driver. This state is reflected by
increased circulating biomarkers such as high-sensitivity C reactive protein, serum amyloid
A, interleukin 6, interleukin 1 receptor antagonist, tumor necrosis factor alpha, soluble CD40
ligand, and pregnancy-associated plasma protein A [5-7].

In addition to biological mechanisms, converging evidence identifies psychiatric
disorders and sustained psychosocial stress as clinically meaningful modifiers of ACS
vulnerability. Moreover, individuals with mental health disorders (MHDs) exhibit elevated
mortality during the acute phase of ACS and remain at increased risk of death over the
subsequent five-year period [8].

Globally, age-standardized, disability-adjusted life-year rates attributable to mental
disorders showed little variation from 1990 to 2019. In contrast, the absolute burden rose
substantially, with total DALY increasing by more than fifty percent over this interval [9].

MHDs involve clinically relevant disturbances of cognition, emotion, or behavior that
impair functioning. In Western countries, around 10% of adults live with an MHD. Anxiety
disorders affect about 359 million people globally, depressive disorders around 280 mil-
lion, and bipolar disorder approximately 37 million individuals [10,11]. Post-traumatic
stress disorder (PTSD) has been experienced by nearly 3.9% of the world population [12].
Schizophrenia affects close to 23 million people and is associated with a life expectancy
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reduction of roughly nine years [10]. Moreover, individuals with an MHD show reduced
survival compared with the general population, with cardiovascular diseases (CVDs)
representing a major driver of premature mortality [11].

Patients with heart disease exhibit approximately double the prevalence of anxiety and
mood disorders. Increasing levels of psychosocial stress show a graded association with
the onset and progression of atherosclerotic cardiovascular disease (ASCVD), independent
of traditional risk factors and sex. Depression, anxiety, and chronic psychological distress
are consistently linked to poorer cardiovascular prognosis. Identification of depressive
symptoms has been associated with fewer major ASCVD events during long-term follow-
up. Accordingly, combined psychological and pharmacological strategies may improve
outcomes and should be considered in ACS patients presenting with depression, anxiety,
or stress [2,13].

Interactions between MHDs and CVDs operate in a reciprocal and multifaceted man-
ner. Patients with established cardiovascular disease display heightened vulnerability to
developing psychiatric conditions as a consequence of chronic physical and emotional
stress. Conversely, individuals with pre-existing mental disorders, especially depression
and anxiety, demonstrate a higher likelihood of developing ACS. Together, these obser-
vations underscore the importance of an integrated perspective, since adverse events in
psychological and cardiovascular health frequently potentiate each other, contributing to
adverse clinical outcomes and substantial healthcare burden [14].

Despite robust evidence supporting the link between MHDs and CVDs, the biological
and behavioral pathways underlying this association remain incompletely elucidated. Car-
diovascular risk prediction models (e.g., GRACE, TIMI, and SCORE2) do not incorporate
psychiatric variables despite consistent epidemiologic evidence demonstrating indepen-
dent prognostic impact, representing a translational gap between observational findings
and clinical implementation [15-17].

Although the existing literature has examined depression and psychosocial stress in
coronary heart disease, most investigations have focused on single diagnostic categories,
have evaluated either incident cardiovascular risk or post-event prognosis in isolation,
and have rarely integrated mechanistic, prognostic, and health system disparities within
a unified bidirectional framework [18-21]. Moreover, psychiatric conditions have been
predominantly examined isolated entities. Consequently, there remains a lack of inte-
gration regarding the full range of relevant disorders, including PTSD, bipolar disorder,
schizophrenia, and suicidality into a synthesized bidirectional approach.

The present narrative review aims to critically integrate and contextualize current
evidence on the bidirectional relationship between MHDs and ACSs, with emphasis on
shared biological mechanisms, prognostic implications, and therapeutic integration. Fur-
thermore, it stratifies the evidence by targeting a broader spectrum of MHDs and explicitly
characterizes the bidirectionality of the MHD-ACS relationship by differentiating incident
ACS risk from post-ACS outcomes, addressing reverse causation, integrating mechanistic
pathways at the molecular, autonomic, endothelial, and platelet levels, and addressing
therapeutic translation within a single conceptual continuum.

2. Methodology of Research

The present narrative review was designed to integrate peer-reviewed scientific evi-
dence and authoritative institutional resources in order to provide a comprehensive and
clinically oriented synthesis of the bidirectional relation between MHDs and ACSs, encom-
passing epidemiology, pathophysiological mechanisms, clinical outcomes, and manage-
ment implications. A narrative design was adopted to integrate heterogeneous evidence
and conceptual perspectives relevant to the mental health—cardiovascular interface. There-
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fore, no quantitative synthesis was performed, and the review provides a structured
qualitative evaluation of the literature.

An extensive search of major electronic databases was systematically performed,
including PubMed, Web of Science Core Collection, ScienceDirect, and SpringerLink. In
addition, official documents and web-based resources from international health authorities
and professional societies (e.g., World Health Organization, American Heart Association,
American College of Cardiology, and European Society of Cardiology) were consulted to
ensure inclusion of current clinical guidelines and policy-relevant evidence.

Predefined search algorithms were constructed for each thematic domain using com-
binations of controlled vocabulary (MeSH/Emtree) and free-text keywords linked by
logical operators (Figure 1). The most representative keywords included: “acute coronary
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“readmission”, “prognosis”, “inflammation”, “cytokines”, “heart rate variability”, “platelet
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activation”, “coagulation”, “HPA axis”, “cortisol”, “endothelial dysfunction”, “nitric oxide”,
“medication adherence”, “cardiac rehabilitation”, and “screening”. Search strategies incor-
porated logical operators and truncation to maximize retrieval accuracy. Bibliographic lists
of selected articles were manually reviewed, and relevant publications were subsequently

selected for inclusion in the final reference set.

acute coronary syndrome OR myocardial infarction OR unstable angina AND epidemiology OR incidence OR

prevalence OR clinical phenotypes OR presentation patterns

(acute coronary syndrome OR myocardial infarction) AND (depression OR bipolar disorder OR PTSD OR

schizophrenia OR anxiety OR suicidal ideation) AND (risk OR prognosis OR outcome OR new-onset OR prevalence)

@cute coronary syndrome OR\ I f(acute coronary syndrome OR myocardial ‘

myocardial infarction) AND
(mental health disorders OR
depression) AND (mortality OR
all-cause mortality OR
cardiovascular mortality OR

MACE OR major adverse cardiac heart rate variability OR platelet activation
events OR reinfarction OR OR coagulation OR HPA axis OR cortisol

Cadmission OR prognosis) ) ' \&ide) )

infarction) AND (depression OR anxiety
OR PTSD OR psychological stress OR
bipolar disorder OR schizophrenia) AND
(inflammation OR cytokines OR C-reactive
protein OR autonomic dysfunction OR

algorithms

OR endothelial dysfunction OR nitric

(acute coronary syndrome OR myocardial infarction) AND (mental health disorders OR psychiatric disorders OR
stress) AND (prognosis OR incidence OR pathophysiology)

(acute coronary syndrome OR myocardial infarction) AND (mental health disorders OR psychiatric disorders OR
stress) AND (pharmacological intervention OR psychotherapy OR stress-Reduction OR management OR cardiac
rehabilitation)

Figure 1. Representative Boolean search algorithms for identifying the literature on mental health
disorders and acute coronary syndromes, including bidirectional associations. PTSD, post-traumatic
stress disorder; MACE, major adverse cardiac event; HPA, hypothalamic—pituitary—adrenal (axis).

Following this structured approach, an exploratory bibliometric screening was per-
formed to estimate research volume using broad logical operators combining the terms
“acute coronary syndrome”, “mental health”, “depression”, “anxiety”, and “post-traumatic
stress disorder” (Figure 2). This preliminary mapping revealed that while extensive bodies
of the literature exist for ACS and mental health as separate fields, comparatively and
significantly few publications explicitly examine their combined or interacting effects, high-
lighting a persistent knowledge gap and supporting the need for integrated, bidirectional

investigation of the mental health—-ACS relationship.
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Variations in the total number of publications according to specific search
algorithms
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Figure 2. Distribution of publications related to acute coronary syndrome, mental health disorders, and
their combined association identified in major biomedical databases using Boolean search strategies.

Eligible sources were restricted to English-language publications and included original
research articles, narrative and systematic reviews, meta—analyses, consensus statements,
clinical guidelines, correspondences, and authoritative reports addressing mental health
disorders, psychosocial stress, and their associations with ACS or atherosclerotic cardiovas-
cular disease. Studies focusing on epidemiology, biological, and behavioral mechanisms,
prognostic impact, and therapeutic or preventive interventions were prioritized. Exclusion
criteria comprised non-English publications, duplicate records, conference abstracts with-
out full text, and any type of documents lacking sufficient scientific rigor or relevance to
the MHD-ACS relationship.

No strict publication timeframe was imposed. Although this narrative review does
not follow a formal systematic review protocol, emphasis was placed on recent high-quality
evidence, including systematic reviews, meta-analyses, and large prospective cohort studies.
Final source selection was guided by relevance, methodological quality, and contribution
to elucidating the bidirectional relationship between mental health and ACS. Overall,
250 references were included to support the data presented in this review.

3. Epidemiology and Clinical Phenotypes in MHD-ACS

The epidemiological relationship between MHDs and ACSs can be analytically dif-
ferentiated into three clinically distinct domains: (1) mental health disorders as predictors
of incident ACS, (2) mental health disorders as determinants of post-ACS prognosis, and
(3) ACS as a precipitant of subsequent psychiatric morbidity. Although these domains
frequently overlap, maintaining this temporal distinction is essential to prevent conflation
between etiologic susceptibility, post-event prognostic modification, and secondary psy-
chiatric sequelae. Mechanistic pathways are synthesized in Section 4, while the present
subsection focuses on epidemiology and prognostic association.
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3.1. Prevalence Across the ACS Continuum

Psychiatric phenotypes are frequently observed throughout the ACS trajectory, from
acute hospitalization to long-term follow-up, with prevalence varying by disorder category,
timing of evaluation, and individual patient features [22]. Available evidence indicates that
individuals with CVD frequently exhibit clinically relevant anxiety and depressive symp-
toms, with reported prevalence rates generally ranging between approximately twenty and
forty-five percent [3].

A large retrospective cohort of approximately three million individuals, including
about one percent with serious mental illness (SMI), evaluated patterns of care and out-
comes relative to matched controls. Within the ACS population, patients with SMI were
younger, more frequently female, and showed higher prevalence of diabetes and obesity
than those without SMI [23].

Using a nationwide Swedish registry, all individuals with schizophrenia who devel-
oped acute myocardial infarction between 2000 and 2018 were identified and compared
with a large cohort of acute myocardial infarction patients without schizophrenia. Patients
with schizophrenia experienced acute myocardial infarction roughly a decade earlier, with
a median age in the mid-sixties versus early seventies in controls, and showed higher rates
of diabetes, heart failure, and chronic obstructive pulmonary disease. Consequently, this
population exhibited more than a twofold increase in major adverse cardiovascular events
and all-cause mortality [24].

A nationwide Danish cohort including over twelve thousand STEMI patients under-
going primary PCI identified approximately four percent who fulfilled criteria for SMIL
Within this population, SMI was associated with a more unfavorable cardiovascular risk
profile and poorer clinical outcomes. Patients with SMI exhibited higher rates of active
smoking, greater prevalence of diabetes, and modestly prolonged symptom to reperfusion
intervals compared with those without SMI. Although in hospital treatment strategies were
largely comparable, SMI remained independently linked to progressively increased rates
of major adverse cardiac events during follow-up. This excess risk, which rose over time,
was driven predominantly by higher mortality [25].

A meta-analytic synthesis of six mortality studies including nearly six hundred thou-
sand ACS patients showed that SMI is associated with a modest but significant increase in
post ACS mortality. Even when restricted to cohorts composed exclusively of ACS cases, an
excess risk of approximately ten percent persisted. At the population level, individuals with
psychiatric disorders exhibit markedly higher cardiovascular death rates, with increased
age-standardized mortality and almost double standardized mortality for ischemic heart
disease and AMI. These findings indicate that mental illness confers elevated cardiovas-
cular risk prior to ACS presentation. In parallel, inequalities extend to post ACS care.
Pooled evidence from multiple analyses demonstrates that patients with mental illness
undergo cardiac procedures at substantially lower rates than those without psychiatric
conditions [26].

Another meta-analytic evaluation confirmed that SMI is prevalent among ACS pop-
ulations and is consistently associated with excess mortality and disparities in treatment
delivery throughout the post-ACS course. Pooled data from more than twenty studies
encompassing over twelve million ACS patients indicated an overall SMI prevalence of
approximately four percent. Across analyses, SMI was linked to substantially higher mor-
tality after ACS, with elevated risk evident early and increasing over time. Thirty-day
mortality was notably higher, while one-year mortality showed an even greater excess. First
ACS presentation appeared to confer particularly pronounced vulnerability. Schizophrenia
demonstrated persistently increased mortality, whereas BD showed no overall excess risk
but markedly higher mortality at incident ACS, indicating phenotype specific patterns.
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Along the continuum of care, SMI was associated with significantly reduced use of inva-
sive strategies, including coronary angiography, percutaneous coronary intervention, and
coronary artery bypass grafting. In addition, patients with SMI were less likely to receive
cardioprotective pharmacotherapy within the first year, particularly angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers, beta-blockers, and statins [27].

Shao et al. evaluated the prognostic significance of schizophrenia across both the
acute phase and extended course of ACS, identifying persistently inferior survival relative
to ACS patients without psychiatric illness. A pooled synthesis of nine longitudinal co-
horts, encompassing more than three and a half million hospitalized ACS cases, revealed a
markedly elevated, multivariable adjusted risk of death among individuals with schizophre-
nia. Schizophrenia was associated with an increase in post-ACS mortality approaching
seventy percent, confirming a substantial and durable adverse prognostic effect [28].

Population level data indicate that psychological distress is common after ACS and
constitutes a substantial yet frequently overlooked component of post-event morbidity.
Nearly one in five ACS patients meet criteria for clinically relevant psychological distress.
Pooled symptom-specific estimates were even higher, with anxiety and depressive symp-
toms affecting roughly one-third of patients, PTSD present in more than one-tenth, and
fear of death reported by almost half. The highest burden occurs during hospitalization,
when anxiety, depression, and PTSD reach their greatest prevalence, highlighting an early
period of heightened vulnerability [29].

3.1.1. MHDs as Predictors of Incident ACS

Psychological determinants are increasingly implicated in the pathogenesis of coronary
heart disease. In individuals experiencing a first ACS event, psychiatric morbidity was
substantially more frequent than in non-ACS populations, with odds exceeding fourfold for
the presence of any mental disorder [30]. These data support MHDs as upstream modifiers
of first-ACS susceptibility rather than solely post-event sequelae.

3.1.2. MHDs as Determinants of Post-ACS Prognosis

The disorder-specific sections that follow (Sections 3.2-3.7) primarily address the
impact of MHDs on post-ACS prognosis, including mortality, recurrent ischemic events,
treatment disparities, and adherence-related mechanisms, given their direct relevance to
secondary prevention and long-term outcomes. Accordingly, etiologic evidence for incident
ACS risk is conceptually separated from prognostic evidence after ACS to avoid conflating
susceptibility with post-event clinical trajectories.

3.1.3. ACS as a Precipitant of Subsequent Psychiatric Morbidity

Longitudinal observations reveal a substantial and enduring psychiatric burden fol-
lowing ACS. In a prospective cohort of ACS patients, nearly half met criteria for major
depressive disorder at six months, with significant persistence from hospital discharge
through three- and six-month assessments. Symptom intensity peaked around three months
and showed only partial subsequent improvement. Anxiety-related conditions were like-
wise frequent at six months, encompassing social phobia, PTSD, panic disorder, specific
phobia, obsessive-compulsive disorder, agoraphobia, and dysthymia [31]. This post-event
psychiatric burden is clinically relevant because it can persist beyond discharge and may
influence adherence, rehabilitation engagement, and long-term outcomes.

3.2. Depression-ACS

Among psychiatric conditions observed after ACS, depressive disorders emerge as
one of the most prevalent phenotypes and are consistently linked to worse cardiovascular
outcomes during follow-up. In a cohort of 315 patients, more than half of hospitalized ACS
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patients met criteria for depressive disorder and experienced nearly double the rate of car-
diovascular complications at twelve months compared with those without depression [32].

Across consistent studies of ACS and CVD populations, reported prevalence estimates
for depression have ranged approximately between 15.6% and 31.3% [33,34]. Moreover,
meta-analytic evidence indicates that roughly one-fifth of individuals with ACS develop
major depressive disorder. In addition, nearly two-thirds continue to exhibit clinically
relevant depressive symptoms months after the acute event. In the same analysis, pooled es-
timates showed depression prevalence of approximately fourteen percent for mild severity,
twelve percent for moderate severity, and fifteen percent for severe forms [3].

Carney et al. reported that both incident and recurrent major depressive episodes
are linked to significantly poorer survival following MI when compared with patients
without depression. Individuals developing depression for the first time after MI exhibited
worse outcomes than those with a prior depressive history, suggesting a stronger adverse
prognostic impact of new onset depression. Together, these observations indicate that
the temporal pattern and clinical background of depression define distinct post-ACS
phenotypes with differing prognostic relevance, with first-episode depression representing
a particularly high-risk subgroup requiring heightened clinical attention and follow-up [35].

Depression occurring after myocardial infarction has consistently been linked to
adverse prognosis. Compared with nondepressed individuals, affected patients show
approximately 1.6- to 2.7-fold higher risk of early mortality or recurrent cardiovascular
events [36,37]. Nevertheless, depression retains an independent prognostic effect, confer-
ring an approximately twenty-two percent higher risk of all-cause mortality and a thirteen
percent higher risk of cardiovascular events for each standard deviation increase in depres-
sion severity [36]. Evidence indicates that post-ACS depression is not a uniform entity but
comprises clinically distinct phenotypes determined by onset and trajectory. Both recurrent
and first-episode major depression are associated with reduced survival after acute MI,
although new onset episodes demonstrate a stronger prognostic impact than recurrent
depression [35,38,39].

Evidence from two large population-based cohorts in China shows that adults with
depression have markedly higher mortality than individuals without depressive symptoms,
including a clearly increased risk of cardiovascular death and with particularly pronounced
excess risk observed among men. Collectively, these findings indicate that depression
extends beyond a psychiatric diagnosis and represents a clinically relevant contributor to
premature cardiovascular mortality, supporting its role as a meaningful risk factor for the
development and progression of CVD [40].

Depression in patients after myocardial infarction has been linked to poorer adherence
to recommended lifestyle modification and reduced compliance with prescribed therapies.
Despite these consequences, depression remains frequently underdiagnosed and under-
treated and is often regarded as a secondary consequence of CVD rather than a modifiable
cardiovascular risk factor [41].

Beyond biological mechanisms, several behavioral and health system factors con-
tribute significantly to the worsened prognosis observed in patients with coexisting depres-
sion and coronary artery disease. Depression is often accompanied by apathy, anhedonia,
and a diminished sense of urgency, all of which might delay the recognition and reporting
of cardiac symptoms. Depressed patients are more likely to present late after the onset of
ACS symptoms, reducing the window for optimal reperfusion therapies. Patients with
depression demonstrate markedly lower adherence to secondary prevention strategies,
including antiplatelet therapy, statins, beta-blockers, ACE inhibitors, and possibly heart
failure treatment [14,42].
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Although screening for depression has been recommended in patients with coronary
heart disease, early evaluations of proposed protocols revealed suboptimal implementa-
tion. Nevertheless, detection of depressive symptoms after acute myocardial infarction
represents an important opportunity to enhance comprehensive care and address a major
comorbidity. Given the bidirectional relationship between depression and CVD, reciprocal
screening of both cardiac and psychiatric populations is essential [43].

3.3. Anxiety—ACS

Prior investigations have established depression as an independent predictor of ad-
verse outcomes in coronary heart disease. In contrast, the prognostic significance of anxiety,
especially among patients with ACS, remains insufficiently defined [19,44]. Anxiety has
been proposed as a prognostic risk factor in ACS [45,46], although results across studies
are partly inconsistent [44].

Post-myocardial infarction anxiety has been linked to increased risk of long-term
cardiac complications and mortality. In up to twenty-five percent, symptom severity is
comparable to that observed in psychiatric inpatients. Anxiety frequently persists beyond
the acute event. Many patients who report anxiety shortly after ACS continue to display
clinically significant symptoms for as long as two years. Generalized anxiety disorder has
been identified in nearly one-quarter of individuals with cardiac disease. Panic disorder
is also markedly over-represented in cardiovascular populations, with active symptoms
reported in a substantial proportion of patients [47].

Anxiety frequently accompanies the acute presentation of ACS and, when considered
as a distinct phenotype, carries meaningful prognostic significance. In a large Korean cohort
followed over the long term, nearly twenty-five percent of hospitalized ACS patients met
the criteria for case-level anxiety. Anxiety during the acute phase independently predicted
increased risk of subsequent adverse cardiovascular outcomes, including cardiac mortality,
recurrent MI, and repeat revascularization. Furthermore, this relationship was evident
primarily among patients with greater initial clinical severity, defined by a Killip class of at
least one, in whom anxiety was associated with an almost twofold higher risk of composite
cardiovascular events over extended follow-up [48].

In a recent Egyptian ACS cohort, more than one-third of hospitalized patients screened
positive for clinically relevant anxiety, and roughly twenty percent reported moderate
to severe symptoms. Anxiety showed independent associations with elevated heart rate,
hypertension, prior depressive history, and multiple concomitant medications, reflecting a
close relationship with cardiovascular risk burden and disease complexity. Importantly,
anxiety in cardiac populations has been repeatedly linked to unfavorable cardiovascular
outcomes, including higher rates of recurrent MI and cardiovascular mortality [49].

Li et al. reported that ACS patients presenting with baseline anxiety exhibit a modest
but significant increase in mortality risk and a substantially higher likelihood of major ad-
verse cardiac events (MACEs) compared with nonanxious individuals. Subgroup analyses
indicated that coexisting depression meaningfully modifies this association, suggesting
important interaction effects. Given the strong overlap between anxiety and depression in
ACS populations, depressive symptoms may represent a more powerful determinant of
prognosis than anxiety alone [44].

Nevertheless, a bidirectional relationship is also evident in this context. Anxiety has
been identified as an independent predictor of incident coronary artery disease and cardiac
mortality among initially healthy populations. Prospective data indicate an approximately
twenty-six percent increase in risk of developing coronary artery disease associated with
anxiety, along with a forty-eight percent higher risk of cardiac death. Although the magni-
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tude of this association appears somewhat weaker than that observed for depression, it
remains clearly stronger than the effect attributed to anger [50].

3.4. PTSD-ACS

This PTSD is identified when exposure to a life-threatening traumatic experience is
followed by a characteristic group of symptoms. These include intrusive recollections,
avoidance of trauma-related cues, persistent negative changes in mood and cognition, and
heightened arousal or reactivity [51]. PTSD may emerge following cardiac events and is
also linked to elevated cardiovascular risk. In addition, PTSD arising from non-medical
trauma has been associated with higher incidence of CHD among previously healthy
individuals [41,51].

Findings from the past decade support a robust and independent relationship between
PTSD and first-onset CVD and suggest a probable association with recurrent cardiovascular
events. PTSD arising from traumatic life experiences confers higher risk for developing
CVD, while exposure to life-threatening cardiovascular events may precipitate PTSD and
further amplify the likelihood of recurrent CVD, underscoring a bidirectional link [52].

A meta-analytic investigation demonstrated that PTSD represents a frequent and
clinically meaningful sequela of ACS with important prognostic implications. Across
longitudinal cohorts, the presence of PTSD symptoms was associated with nearly a twofold
increase in the risk of subsequent cardiac events and or death compared with patients
without PTSD. Moreover, these relationships persisted after adjustment for conventional
cardiovascular risk factors and indices of disease severity. These observations support
PTSD as a distinct post-ACS phenotype linked to unfavorable prognosis and highlight the
importance of routine detection and tailored intervention within ACS care pathways [53].

Multiple determinants of ACS-related PTSD have been identified, spanning contex-
tual, individual, and relational domains during the emergency care period. Within the
emergency department setting, overcrowding, prolonged delays before evaluation, and
exposure to invasive or life sustaining procedures are associated with heightened psycho-
logical distress and greater subsequent PTSD symptom burden. Patient perceived threat
during the acute event, particularly intense fear of death, loss of control, and marked
anxiety, shows a stronger association with later PTSD than objective indices of cardiac
injury [51].

Prospective observations in another emergency care setting indicate that close to one-
third of individuals presenting with ACS develop PTSD within the first month after the
event. Elevated perceived stress at initial presentation independently predicted subsequent
PTSD onset. Patients with ACS who manifested PTSD reported chest pain recurrences more
often and demonstrated poorer adherence to prescribed cardiovascular therapies, linking
post-traumatic symptomatology to unfavorable health behaviors and outcomes [54].

Evidence derived from large cardiac rehabilitation cohorts indicates that ACS can trig-
ger formally diagnosed PTSD in roughly one-tenth of patients, with prevalence approaching
sixteen percent when symptom-based screening instruments are applied. Individuals who
develop PTSD after ACS exhibit diminished exercise performance, reaching a smaller
proportion of their predicted maximal workload, consistent with lower habitual physi-
cal activity and potential downstream cardiovascular risk. Prior investigations further
associate post-ACS PTSD with increased rates of recurrent cardiac events and mortality [55].

Within the REACH cohort, 830 individuals assessed for possible ACS completed event-
focused PTSD evaluations one month after their emergency presentation, with symptoms
anchored to the perceived cardiac threat and hospitalization experience. Despite definitive
ACS being confirmed in only about one-third of cases, PTSD symptom patterns and scoring
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properties were comparable between confirmed and excluded ACS, across sexes, and
between English- and Spanish-speaking participants [56].

3.5. Schizophrenia—ACS

Schizophrenia represents a severe mental illness that confers additional prognostic
burden when it coexists with acute coronary syndromes. Epidemiological data indicate
that people with schizophrenia exhibit markedly higher rates of cardiovascular disease
than the general population. This vulnerability is largely explained by clustering of adverse
cardiometabolic traits, including obesity, dysglycemia, metabolic syndrome, and tobacco
use. Among patients experiencing acute myocardial infarction, the presence of schizophre-
nia has been associated with significantly increased all-cause mortality compared with
individuals without this diagnosis. Moreover, several studies report lower utilization of
invasive coronary therapies in this population. Reduced access to procedures such as
percutaneous coronary intervention and coronary artery bypass grafting may contribute
to the observed outcome disparities, despite these strategies being central components of
contemporary myocardial revascularization and secondary prevention [41,57,58].

Evidence from a systematic review of fourteen investigations indicates that individuals
with schizophrenia display persistently poorer clinical trajectories following ACS. Adverse
outcomes include excess early and late mortality, higher rates of major cardiovascular
complications, cerebrovascular events, and hemorrhagic episodes when compared with
patients without schizophrenia. Survival gains observed in the general ACS population
over recent decades have not been mirrored in this subgroup. Elevated in-hospital and 30-
day mortality further underscore the magnitude of risk. These unfavorable patterns appear
to arise from multiple interacting mechanisms. Contributing factors include accumulation
of traditional cardiovascular risk determinants, frequent metabolic comorbidity, lifestyle
behaviors, and pronounced disparities in ACS care delivery [59].

An analysis of individuals hospitalized with ACS demonstrated that comorbid
schizophrenia confers a substantially amplified risk of adverse cardiovascular outcomes.
Compared with carefully matched controls without psychiatric illness, patients with
schizophrenia experienced a sixty percent higher incidence of major adverse cardiac events,
more than a twofold increase in overall mortality, and a significantly elevated likelihood
of stroke. By contrast, rates of recurrent infarction and duration of hospitalization were
broadly comparable between groups. Individuals with schizophrenia carried a dispropor-
tionate load of noncardiac medical comorbidities, including diabetes mellitus, heart failure,
cardiomyopathy, chronic obstructive pulmonary disease, and anemia. Conversely, lower
documented prevalence of hypertension and dyslipidemia was observed, a pattern consis-
tent with under-recognition and suboptimal management of conventional cardiovascular
risk factors [60].

Pooled evidence derived from very large ACS populations indicates that a pre-existing
diagnosis of schizophrenia confers a substantial survival disadvantage following an acute
coronary event. Across datasets encompassing more than three and a half million individu-
als, patients with schizophrenia exhibited an almost seventy percent higher likelihood of
death after ACS compared with those without psychiatric illness. Notably, the mortality
excess is evident during the early post-event period and remains pronounced over ex-
tended follow-up. This unfavorable association persists even among patients who undergo
coronary revascularization [28].

A very large meta-analytic dataset encompassing more than three million patients
hospitalized for acute myocardial infarction indicates profound disparities in the delivery
of invasive coronary care among individuals with schizophrenia. Even after extensive ad-
justment for patient characteristics, comorbidities, and institutional factors, this population
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was substantially less likely to undergo coronary revascularization compared with patients
without psychiatric disorders. Overall, utilization of revascularization procedures was
reduced by nearly fifty percent, with pronounced underuse of both percutaneous coronary
intervention and coronary artery bypass surgery. Such systematic treatment gaps offer
a credible clinical mechanism for the persistently elevated mortality observed after ACS
in schizophrenia and underscore structural inequities in access to evidence-based acute
cardiac therapies for this high-risk group [61].

3.6. BD-ACS

BD characterized by alternating manic and depressive episodes constitute a group
of persistent psychiatric disorders with substantial clinical impact [62]. Population-level
data demonstrated that individuals diagnosed with BD who present with acute coronary
syndrome experience substantially poorer clinical outcomes than comparable patients
without psychiatric illness. This group exhibited a roughly forty percent increase in major
adverse cardiovascular events, more than a seventy percent elevation in overall mortality,
and nearly double the risk of cerebrovascular events, whereas rates of recurrent myocardial
infarction were slightly lower. At baseline, patients with BD more frequently carried
comorbid heart failure, valvular pathology, anemia, chronic obstructive pulmonary disease,
and a history of stroke. Together, these findings indicate a pronounced cardiovascular
risk burden and identify BD as a clinically relevant determinant of prognosis following
ACS [63].

Among 171 individuals admitted for ACS, BD was identified in 11.7% and represented
nearly half of all detected mood disorders. Unlike major depressive disorder, BD inde-
pendently correlated with younger age at first coronary presentation and with a greater
burden of prior ischemic events. Patients with BD frequently exhibited activation and
mixed-state characteristics, including psychomotor excitation and mood lability, suggesting
that bipolarity is prevalent in ACS and defines a cardiovascular risk profile distinct from
unipolar depression [64].

Across Danish nationwide registries spanning 1996 to 2016, 497 individuals with BD
hospitalized for ACS were matched in a 1:2 ratio with psychiatric healthy comparators.
Patients with BD consistently experienced deficiencies in cardiac care. Moreover, patients
with BD were less likely to obtain recommended secondary prevention pharmacotherapy
after ACS. Only antiplatelet therapy with acetylsalicylic acid, lipid-lowering agents, and
beta-blockers exhibited a modest reduction in disparity. Importantly, these limited gains
did not translate into narrowing of the one-year all-cause or presumed cardiovascular
mortality differences [65].

Among adults diagnosed with BD, Etxaniz-Oses et al. documented a substantially
more adverse cardiometabolic phenotype compared with psychiatrically healthy individu-
als. Combined abnormalities translated into higher predicted cardiovascular risk according
to SCORE2 and a vascular age exceeding chronological age. Collectively, metabolic, in-
flammatory, and fitness-related derangements associated with BD are likely to heighten
susceptibility to CAD and, consequently, increase the probability of future ACS [66].

In individuals experiencing a first ACS event, affective and stress-related symptoms are
common and display substantial clinical variability. The considerable convergence between
type A traits, demoralization, and depressive symptomatology, patterns that resemble
subthreshold bipolar-spectrum characteristics, supports the hypothesis that affective insta-
bility related to bipolar vulnerability and somatically weighted depressive presentations
may constitute relevant mechanistic links between BD liability and unfavorable prognosis
following ACS [67].
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3.7. Suicidal Ideation—ACS

Suicidality represents one of the most severe and insufficiently addressed psychi-
atric sequelae in individuals surviving ACS. Meta-analytic data encompassing more than
430,000 participants indicate that exposure to ACS confers a substantially elevated likeli-
hood of suicidal ideation relative to non-ACS populations, with an estimated 45% relative
increase in risk. Approximately one in seven survivors report suicidal thoughts, and about
1% engage in suicide attempts, with vulnerability peaking during the first six months after
the index event [68].

Complementary real-world evidence further confirms this temporal clustering of
suicide risk after ACS. Population-based investigations demonstrate that patients diagnosed
with ACS experience significantly higher rates of suicide compared with matched controls,
with the greatest excess risk occurring within the first half-year after diagnosis [69]. A large
case-referent analysis additionally shows that the association between ACS and suicide
persists even after controlling for depression, pre-existing psychiatric illness, and major
medical comorbidities and remains detectable for several years, underscoring ACS as an
independent and durable vulnerability state for suicidality [70].

Longitudinal cohort data provide further mechanistic insight. Suicidal ideation is com-
mon in the immediate post-ACS period and, although it declines over time, remains present
in a meaningful proportion of patients at one year. Importantly, early post-event suicidality
appears partly biologically modulated. Carriers of the short allele of the serotonin trans-
porter promoter polymorphism (5-HTTLPR) exhibit increased odds of suicidal ideation
during the acute phase independent of depression severity or cardiac status, whereas this
genetic effect is no longer evident at later follow-up [71].

3.8. Methodological Considerations and Sources of Heterogeneity

The interpretation of the MHD-ACS association requires careful attention to diag-
nostic heterogeneity, measurement variability, illness severity, treatment exposure, and
residual confounding. To minimize diagnostic conflation, Sections 3.2-3.7 were inten-
tionally structured as disorder-specific subsections, allowing distinct epidemiologic and
prognostic patterns to be evaluated separately.

First, MHDs are biologically and clinically heterogeneous entities. Major depressive
disorder, anxiety disorders, PTSD, schizophrenia, and bipolar disorder differ in neurobi-
ological substrates, inflammatory profiles, cardiometabolic burden, and pharmacologic
exposure. Pooling these conditions without stratification risks obscuring phenotype-specific
cardiovascular patterns [50,72-74].

Second, substantial variability exists in exposure assessment across studies. Many
investigations rely on symptom-based screening instruments such as the Patient Health
Questionnaire-9 (PHQ-9), a validated tool for depressive symptom severity but not equiva-
lent to structured diagnostic interviews [75,76]. Clinical diagnoses derived from Diagnostic
and Statistical Manual of Mental Disorders-based interviews represent a higher diagnostic
threshold, whereas administrative datasets based on International Classification of Diseases
coding may underestimate milder or untreated cases and are susceptible to misclassification
bias [77,78]. These methodological differences influence prevalence estimates and effect
sizes and complicate cross-study comparisons.

Third, severity, chronicity, and temporal onset appear to modify cardiovascular risk.
Incident post-ACS depression has been associated with worse survival compared with
recurrent depression, suggesting prognostic heterogeneity based on temporal pattern [79].
Moreover, graded increases in depressive symptom severity correlate with stepwise el-
evations in cardiovascular events and mortality [80]. Treatment status further modifies
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risk, as antidepressant exposure and symptom remission may partially attenuate adverse
outcomes [81].

Fourth, observational studies are inherently vulnerable to confounding. Smoking
prevalence is markedly elevated among individuals with severe mental illness [82,83],
and clustering of metabolic syndrome components is well documented in psychiatric
populations [84]. Socioeconomic disadvantage independently contributes to cardiovascular
risk and may mediate part of the observed association by impacting also MHDs [85,86].
Additionally, depression is consistently associated with reduced medication adherence [87],
potentially influencing post-ACS prognosis independently of biological mechanisms.

Beyond confounding, reverse causality is a recurrent threat in observational MHD-
ACS research and requires explicit temporal handling. Subclinical or emerging cardio-
vascular disease may contribute to depressive symptoms, inflating associations. In the
prospective Nurses’ Health Study, women with baseline CVD/stroke were excluded, de-
pression was assessed repeatedly, and sensitivity analyses excluding participants who
developed intervening nonfatal CVD events did not materially change results, arguing
against symptomatic CVD during follow-up as the primary explanation for the observed
association [88].

Similar efforts to address reverse causality are evident in other large prospective
cohorts. A related methodological challenge in longitudinal psychiatric-cardiovascular
research is the possibility that early subclinical atherosclerosis may precede and influence
depressive symptomatology. In the CARDIA cohort, this concern was partially addressed
through clear temporal sequencing: participants were free of clinical cardiovascular disease
and had no coronary artery calcification (CAC) at baseline, depressive symptoms were
measured at Year 15, and incident CAC was defined as new calcification detected five years
later. Higher total depressive symptoms predicted CAC onset, with partial attenuation
after adjustment for tobacco use and mean arterial pressure. Nevertheless, because sev-
eral cardiovascular risk factors were measured concurrently with depressive symptoms,
residual reverse causality and confounding cannot be fully excluded [89].

In the Mass General Brigham Biobank retrospective cohort, Civieri et al. reduced
this risk by restricting exposure to anxiety /depression diagnosed before the 10-year base-
line, excluding new post-baseline diagnoses, and excluding participants with pre-baseline
MACEs. Within this temporally anchored design, pre-existing anxiety/depression pre-
dicted incident cardiometabolic risk factors, and these risk factors partly mediated the
association with subsequent MACEs. However, reliance on International Classification
of Diseases-based ascertainment and potential detection/ascertainment bias mean that
residual reverse causality and confounding remain possible [90].

To move beyond these inherent constraints of observational designs, genetically in-
formed approaches have been increasingly applied to clarify directionality at the level
of inherited liability. Genetically informed designs provide an additional framework for
strengthening causal inference beyond conventional observational cohorts. Mendelian
randomization (MR) leverages germline genetic variants associated with an exposure as
instrumental variables, exploiting their random allocation at conception to reduce con-
founding and minimize reverse causality. By anchoring exposure to inherited genetic
liability rather than measured symptom status, MR offers a temporally robust approach to
evaluating directionality within the MHD-ACS relationship [91].

Lu et al. conducted a two-sample MR and mediation analysis using Genome-Wide
Association Study (GWAS) summary statistics from 807,553 individuals for depression and
184,305 individuals (60,801 CAD cases) for coronary outcomes. Genetic liability to depression
was causally associated with a 14% higher risk of CAD (OR 1.14, 95% CI 1.06-1.24) and a
21% higher risk of MI (OR 1.21, 95% CI 1.11-1.33), with type 2 diabetes and tobacco smoking
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as significant mediators. The reverse MR, treating genetic liability to CAD as exposure and
depression as outcome, yielded no significant causal effect across all sensitivity analyses [92].

Li et al. independently evaluated bidirectional causality between depression and cardio-
vascular diseases in a two-sample MR study. Genetically doubling the odds of depression
was causally associated with increased risk of CAD (OR 1.099, 95% CI 1.031-1.170) and MI
(OR 1.146, 95% CI 1.070-1.228), with blood lipid levels and smoking as mediators. Critically,
no causal association was observed in the reverse direction, from CVD to depression [93].

Xu et al. confirmed a unidirectional causal relationship between major depressive
disorder and CHD in an independent bidirectional MR study using IEU Open GWAS data. The
forward analysis (MDD — CHD) reached significance using inverse-variance weighted, MR-
Egger, and weighted median methods, while the reverse analysis (CHD — major depressive
disorder) did not, leading the authors to conclude that there is insufficient evidence that CHD
causally increases the risk of major depressive disorder at the genetic liability level [94].

Across all four independent MR analyses, employing different GWAS datasets, instru-
mental variable sets, and sensitivity methods, the directional signal is consistent: genetic
liability to depression confers causal risk for coronary disease, while genetic liability to
coronary disease does not causally predict depression.

Collectively, these genetically informed analyses converge toward a predominantly
forward causal direction from depression liability to coronary disease. Although MR cannot
fully exclude horizontal pleiotropy or phenotype misclassification, it strengthens temporal
inference and reduces the likelihood that the observed association is solely attributable to
reverse causality. At present, genetically informed evidence remains substantially more
developed for depression than for other psychiatric phenotypes, and comparable MR data
for anxiety disorders, PTSD, bipolar disorder, or schizophrenia in relation to ACS are still
limited. This imbalance should be considered when extrapolating causal interpretations
across the broader spectrum of mental health disorders.

Although many large cohorts adjust for traditional cardiovascular risk factors [19,95],
residual confounding cannot be fully excluded in observational research [96,97]. Con-
sequently, while the consistency of associations across diverse populations strengthens
biological plausibility, causal inference must remain cautious.

Table 1 summarizes the prevalence, directionality, and prognostic impact of major
mental health phenotypes across the ACS continuum, integrating evidence from large
observational cohorts and meta-analyses.

Collectively, the evidence supports a bidirectional MHD-ACS relationship across
the full clinical continuum. Mental health disorders contribute to incident coronary risk
and may worsen post-ACS prognosis through behavioral, biological, and health system
mechanisms. Conversely, ACS frequently precipitates subsequent depressive, anxiety,
trauma-related symptoms, and suicidality, defining clinically relevant post-event pheno-
types. These converging data support systematic mental health screening in ACS and
reinforce the need for integrated cardio-psychiatric models to improve secondary preven-
tion and long-term outcomes.

In parallel, the COVID-19 era represented a context in which infection-related biology
and pandemic-mediated stressors jointly reshaped ACS presentation, care pathways, and
functional recovery.
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Table 1. Mental health phenotypes across the ACS continuum.

Mental Health Phenotype Prevalence in ACS Populations Directionality with ACS Prognostic/Clinical Impact in ACS Ref.
Severe mental illness (overall) ~4.1% of ACS patients Bidirectional Higher short— and. long-term mortality; lower revascularization [27]
and cardioprotective pharmacotherapy
Severe mental illness (STEMI, ~3.8% ACS - worse outcomes Higher MACES over follow-up (HR 1.27-1.43), mainly driven [25]
PCI treated) by mortality
Schizophrenia Not specified Bidirectional ~70 /(.’ higher mortality aft?r A.CS; higher MACES’ s.troke, and [28]
bleeding; lower revascularization and cardioprotective therapy
Psychological distress (any) 17.6% ACS — distress Common post-ACS morbidity phenotype [29]
Depression (1:15'6_31'.3 i N.ZO o major Bidirectional 1.59-2.71x higher risk of mortality or new CV events after MI ~ [37]
epressive disorder
. o S Baseline anxiety associated with 21% higher mortality and 47% )
Anxiety 20-50% after MI Bidirectional higher MACESs [44]
PTSD (ACS induced) ~12% (up to ~16% by questionnaires) Bidirectional ~2-fold higher risk of recurrent cardiac events and /or mortality ~ [53]
Bipolar disorder ~1.3% of ACS hospitalizations Bidirectional Higher MACEs, all-cause mortality, and stroke after ACS [63]
Suicidal ideation 14.1% ACS — SI (predominant) 45% higher Sl risk vs. controls; highest within first 6 months [68]
Suicide (completed) Not prevalence based ACS — suicide aOR 1.15; OR 3.05 in first 6 months post-ACS [70]
Genetic susceptibility to suicidal ideation ~ 20% within 2 weeks; 12% at 1 year ACS — SI (acute phase) 5-HTTLPR s allele associated with SI only in acute phase [71]

ACS, acute coronary syndrome; MACE, major adverse cardiovascular event; MI, myocardial infarction; PCI, percutaneous coronary intervention; PTSD, post-traumatic stress disorder;
SI, suicidal ideation; HR, hazard ratio; OR, odds ratio; aOR, adjusted odds ratio. Directionality indicates whether evidence supports mental health disorders as risk factors for incident
coronary disease and/or as consequences of ACS. Prevalence estimates reflect ranges reported across large observational cohorts and meta-analyses. Prognostic impact refers to
associations with mortality, recurrent ischemic events, stroke, or adverse clinical outcomes after ACS.
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3.9. COVID-19-Linked ACS Dynamics

A growing body of the literature suggests that the COVID-19 era was accompanied by
clinically meaningful shifts in ACS risk and care patterns, driven by both infection-related
and pandemic-mediated mechanisms. In infected patients, systemic inflammation and a
prothrombotic milieu, characterized by elevated cytokines, CRP, troponin, and D-dimer,
have been repeatedly observed and may plausibly promote endothelial dysfunction and
oxygen supply—demand mismatch, thereby precipitating ACS. Concurrently, lockdowns
and health system strain were associated with substantial reductions in ACS admissions
(particularly NSTEMI/unstable angina) and decreased use of invasive procedures, raising
concerns about delayed presentation and underdiagnosis [98].

A cross-sectional study examining psychological responses to COVID-19 found that
acute stress was highly prevalent during active infection, with 40% of patients demonstrat-
ing elevated stress levels on the National Stressful Events Survey Acute Stress Disorder
Short Scale. After remission, 15.6% met criteria suggestive of PTSD on the 17-item civil-
ian checklist for PTSD. Stress severity was significantly higher in the acute phase. Severe
COVID-19 was associated with cardiovascular comorbidities and diabetes. Individuals with
persistent stress or PTSD more frequently relied on disengagement and emotion-focused
coping strategies, highlighting a potential behavioral pathway linking pandemic-related
stress exposure to increased cardiovascular vulnerability [99].

A large cohort study of SARS-CoV-2-negative ACS patients undergoing PCI demon-
strated that the pandemic period was associated with impaired cardiopulmonary recovery
despite the absence of viral infection. During the pandemic, peak VO, /kg declined by ap-
proximately 3-4% compared with pre- and post-pandemic periods, and a higher proportion
of patients exhibited abnormal PHQ-9 scores and elevated anxiety levels. Anxiety severity
independently predicted poorer cardiopulmonary performance, and lower exercise capac-
ity was reciprocally associated with higher anxiety burden. These findings suggest that
pandemic-related psychosocial stress, healthcare avoidance behaviors, reduced physical
activity, and delayed care may have contributed to adverse functional recovery patterns in
ACS patients [100].

During the COVID-19 pandemic, ACS management required rapid restructuring to
balance timely reperfusion with infection control measures. In a single-center registry
study, presentations fell by 45%, and the symptom onset-to—first medical contact interval
nearly doubled (1177 vs. 625 min). Immediate percutaneous coronary intervention
was performed less frequently, while thrombolysis and intensified prehospital antiplatelet
therapy were used more often, reflecting infection control constraints and time-to-treatment
tradeoffs. Despite longer delays and fewer patients achieving door-to-balloon <90 min, the
composite rate of in-hospital death, cardiogenic shock, sustained ventricular tachycardia or
ventricular fibrillation, or mechanical circulatory support was not significantly higher; age
remained the main independent predictor of adverse in-hospital outcomes [101].

4. Mechanistic Pathways Linking MHD-ACS

The biological mechanisms linking MHDs and ACSs operate bidirectionally. While
psychiatric disorders contribute to coronary vulnerability through inflammatory, neuroen-
docrine, autonomic, platelet, and endothelial pathways, ACSs per se induce systemic
inflammation, stress axis activation, autonomic imbalance, and cerebral hemodynamic al-
terations that increase susceptibility to subsequent depressive and anxiety symptomatology.
These reciprocal processes establish a self-reinforcing biological continuum [14,102,103].

To clarify temporal and pathophysiological distinctions, it is important to differ-
entiate mechanisms primarily involved in plaque formation (atherogenesis) from those
precipitating plaque destabilization and acute coronary thrombosis. Plaque formation is
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driven predominantly by chronic endothelial dysfunction [104], lipid accumulation [105],
monocyte recruitment [106], and sustained low-grade inflammation that promote gradual
intimal thickening and fibrous cap development [107]. In contrast, plaque destabilization
involves inflammatory amplification, matrix degradation, endothelial erosion or rupture,
platelet activation, and thrombus formation, which together convert a stable lesion into
an ACS [108,109]. The following sections distinguish these partially overlapping but
pathophysiologically distinct processes.

4.1. Chronic Low-Grade Inflammation and Immune Activation

Macrophages detect cellular signals via pattern-recognition receptors (PRRs) and
activate nuclear factor kappa B (NF-kB), rapidly inducing pro-inflammatory cytokine re-
lease. Classically activated M1 cells upregulate inducible nitric oxide synthase (iNOS)
and secrete interleukin-1 beta (IL-1§3), interleukin-6 (IL-6), and tumor necrosis factor alpha
(TNF-0), sustaining chronic inflammation and tissue injury. In atherosclerosis, excessive
M1 polarization promotes plaque progression and instability. In the central nervous system
(CNS), oxidative stress drives microglial M1 activation, increasing IL-13 and TNF-« and
contributing to neuroinflammation associated with major depressive disorder. During
plaque formation, recruited monocyte-derived macrophages internalize native and chemi-
cally modified lipoproteins and convert into cholesterol-laden foam cells, driving lesion
growth and necrotic core expansion [110]. Uptake of oxidized LDL is mediated in part
by scavenger receptors such as CD36, which promotes foam-cell formation in atheroscle-
rotic lesions [111]. In contrast, plaque destabilization reflects a shift toward fibrous-cap
weakening: macrophage-derived matrix metalloproteinases degrade cap extracellular ma-
trix, promoting cap thinning and rupture susceptibility in “vulnerable” plaques [112].
Thus, macrophage-driven inflammation represents a shared mechanistic link between
cardiovascular plaque destabilization and psychiatric disease [113,114].

Psychological stress disrupts the regulation, biosynthesis, and signaling of nora-
drenaline, serotonin, dopamine, and cortisol. Such neuroendocrine imbalance promotes
upregulation of pro-inflammatory mediators, including IL-1, IL-6, and TNF-«, thereby
amplifying systemic inflammation. These pathways are recognized contributors to athero-
genesis and increased susceptibility to coronary artery disease [14,115].

Mechanistically, chronic low-grade inflammation is more closely linked to plaque
formation, by sustaining endothelial activation and continuous recruitment of circulating
monocytes into the arterial wall [107]. In contrast, acute mental stress can preferentially
promote plaque destabilization: in atherosclerotic mice, acute stress increased vascular
inflammation and accelerated features of plaque vulnerability through sympathetic sig-
naling with norepinephrine-dependent effects on the vessel wall and increased leukocyte
recruitment into plaques [116]. In parallel, chronic variable stress activates hematopoietic
stem cells via 33-adrenergic signaling in the bone marrow niche, increasing the production
of inflammatory leukocytes that can amplify plaque inflammation and vulnerability [117].

Paganin and Signorini indicated that MHDs with prominent inflammatory features
exhibit a convergent peripheral and central immune activation signature. This phenotype
is defined by broad upregulation of pro-inflammatory cytokines, chemokines, and innate
immune markers, accompanied by microglial activation and enhanced toll-like receptor
signaling. At the same time, mediators involved in anti-inflammatory regulation and neuro-
protection, including IL-4, transforming growth factor beta, and brain-derived neurotrophic
factor, are consistently diminished, whereas vascular endothelial growth factor appears
variably expressed. Together, these findings delineate a global shift toward sustained
innate immune stimulation, chronic neuroinflammation, and compromised neurotrophic
resilience across multiple psychiatric disorders [118].
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Clinical investigations have demonstrated that individuals exhibiting pronounced de-
pressive symptomatology display markedly elevated circulating levels of -reactive protein
(CRP), IL-6, and TNF-«. This inflammatory profile provides further evidence for a strong
and clinically meaningful association between immune system activation and depressive
pathology [119].

Meta-analytic evidence indicated that heightened systemic inflammation, reflected
by increased CRP, hs-CRP, and IL-6 concentrations, is consistently linked to reduced heart
rate variability in patients with coronary heart disease and comorbid depression [120].
Another meta-analysis further demonstrated that individuals with depression exhibit sig-
nificantly higher circulating levels of CRP, IL-6, and TNF-« compared with non-depressed
controls [121]. These data suggest that dysregulation of the IL-6/IL-6R signaling axis may
contribute to depression vulnerability. Elevated IL-6 is also associated with increased risk
of cardiovascular mortality, major adverse cardiovascular events, myocardial infarction,
stroke, peripheral arterial disease, and heart failure, highlighting a shared inflammatory
pathway linking affective disorders and cardiovascular pathology [122,123].

IL-6 together with IL-1p function as pivotal mediators of sustained, low-intensity
inflammation, a pathophysiological state increasingly recognized in both cardiovascular
pathology and mental illness. IL-6 is released by immune and vascular cells in response to
tissue injury, oxidative stress, and lipid accumulation, and stimulates hepatic CRP synthesis.
Besides classical receptor signaling, soluble IL-6R enables IL-6 trans-signaling via gp130
and JAK/STAT activation, prolonging inflammatory gene expression [123-125]. IL-6 trans-
signaling has been mechanistically implicated in atherogenesis beyond systemic cytokine
elevation. In hypercholesterolemic ApoE-/- mice, selective blockade of IL-6 trans-signaling
using the sgp130Fc fusion protein significantly reduced atherosclerotic lesion size without
altering lipid concentrations, supporting the trans-signaling pathway as a contributor to
lesion progression during plaque formation [126]. Translational relevance is supported by
CANTOS biomarker analyses, where reduction of cardiovascular events with canakinumab
occurred predominantly in patients achieving on-treatment IL-6 levels <1.65 ng/L (HR 0.68,
95% CI 0.56-0.82), independent of LDL lowering [127]. These data link IL-6 pathway
activity to clinically measurable coronary risk modulation.

IL-1p is generated mainly by macrophages after NLRP3 inflammasome activation and
promotes NF-kB-dependent transcription, leukocyte recruitment, and secondary cytokine
release, including IL-6. Together, these interlinked pathways sustain a self-amplifying
inflammatory milieu that contributes to shared biological vulnerability in cardiovascular
disease and mental illness [123-125].

Growing data implicate IL-6-driven immune imbalance as a core biological contrib-
utor in schizophrenia. Stress exposure is followed by rapid increases in circulating IL-6,
with downstream effects on hematopoiesis, neutrophil trafficking, and CRP production.
Either excessive or blunted IL-6 release perturbs Th17 and regulatory T-cell homeostasis,
facilitating autoimmune-like responses and persistent low-grade inflammation linked to
disease susceptibility. Additionally, IL-6 operates through both canonical receptor-mediated
signaling and alternative intracellular pathways. Oxidative stress can modify the lipid
and protein organization of the IL-6 receptor complex, favoring non-classical signaling
and prolonging maladaptive immune activation. Collectively, these alterations support a
central role for disturbed IL-6 signaling within the immunoinflammatory framework of
schizophrenia [128].

PTSD is characterized by increased IL-13 signaling, with marked induction under
intense stress conditions within the dentate gyrus of the dorsal hippocampus. Stress-
related upregulation of IL-1f3 transcripts and protein expression facilitates maladaptive
fear memory formation. In contrast, pharmacological inhibition of IL-1 receptors attenu-
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ates PTSD-like phenotypes, supporting a direct mechanistic contribution of central IL-13
pathways to PTSD pathophysiology [129].

TNF-« is a pro-inflammatory cytokine produced by immune and cardiovascular cells
in response to ischemia and tissue injury. Its membrane-bound form is cleaved into a
soluble active cytokine that signals through TNF receptor type 1 (TNFR1) and TNF receptor
type 2 (TNFR2). After myocardial infarction, myocardial TNF-« and receptor expression
markedly increase. TNFR1 activation predominantly drives NF-kB-dependent inflamma-
tory and apoptotic pathways, promoting cardiomyocyte death, ventricular remodeling,
endothelial activation, leukocyte infiltration, arrhythmias, and contractile dysfunction.
By contrast, TNFR2 signaling is associated with partial suppression of inflammation and
enhanced angiogenic activity, indicating receptor-specific and dose-dependent effects in
cardiovascular disease [130].

Because TNF-o occupies a pivotal position within peripheral and central immune sig-
naling networks, dysregulation of TNF-x-dependent cascades have been consistently linked
to the pathophysiology of major psychiatric conditions, including depression [131,132],
bipolar disorder [133,134], PTSD [135], anxiety disorders [136], and schizophrenia [137].
This convergent evidence reinforces the concept that immune-driven inflammation consti-
tutes a common biological bridge connecting mental illness with cardiovascular pathology.

C-reactive protein (CRP) has emerged as a clinically relevant indicator of neuroin-
flammatory activity in psychiatric disease. Elevated circulating CRP concentrations are
frequently documented across multiple mental disorders, including schizophrenia, mood
disorders, anxiety disorders, and post-traumatic stress disorder. In addition, a state of
low-grade systemic inflammation, commonly defined by CRP levels exceeding 3 mg/L, is
more often detected in patients with greater symptom severity, poorer therapeutic response,
and a more unfavorable illness trajectory. These observations support the concept that
an inflammatory subtype of psychiatric illness exists and may warrant distinct clinical
stratification and prognostic consideration.

C-reactive protein (CRP) is a neuroinflammatory biomarker with demonstrated roles
in psychiatric disorders. CRP is more likely reported to be elevated in several psychiatric
disorders, including schizophrenia, mood disorders, anxiety disorders, and post-traumatic
stress disorder. Moreover, low-grade inflammation (CRP > 3 mg/L) has been more likely
observed in a subgroup of patients affected with a more severe psychopathological symp-
tomatology, more treatment resistance, and worst clinical mental illness course, strengthen-
ing the hypothesis of the need for a different clinical and prognostic characterization based
on this concomitant neuroinflammatory predisposition [138].

A large systematic review and meta-analysis targeting 13,541 individuals diagnosed
with depression and 155,728 non-depressed comparators reported that approximately 25%
of depressed patients exhibit markers of low-grade inflammatory activity, while more than
50% display modestly increased CRP concentrations, indicating a substantial inflammatory
component in a sizeable proportion of depressive disorders [139]. Several additional
investigations indicate that higher baseline CRP concentrations frequently appear before
the onset of depressive symptoms, implying that inflammatory activation may act as a
predisposing factor in the development of depression rather than representing solely a
secondary consequence of the disorder [140,141].

Multiple mechanistic models have been advanced to explain the association between
elevated CRP and depressive pathology, yet current evidence suggests that this relationship
is shaped by several interacting biological modifiers. CRP exerts isoform-specific biological
effects relevant to plaque instability. Native pentameric CRP dissociates into its monomeric
form (mCRP) upon interaction with activated platelets in a glycoprotein IIb/Illa-dependent
manner, localizing inflammatory amplification to the atherosclerotic milieu [142,143]. Un-
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like circulating pentameric CRP, mCRP is detectable within atherosclerotic plaques and
promotes complement activation, endothelial adhesion molecule expression, reduced nitric
oxide bioavailability, and enhanced platelet aggregation under flow conditions [144]. These
mechanisms support a direct role of CRP structural transformation in plaque destabilization
and thrombus propagation rather than in early plaque formation.

Inflammatory cytokines together with CRP stimulate indoleamine-2,3-dioxygenase
(IDO) [145], the key rate-controlling enzyme that shunts tryptophan toward kynurenine
production. As a consequence, less tryptophan remains available for serotonin biosynthesis,
resulting in diminished peripheral and central serotonergic tone. Concurrently, activation
of the stress axis and sustained hypercortisolemia upregulate tryptophan-2,3-dioxygenase
(TDO), amplifying flux through the kynurenine pathway. This metabolic bias favors
accumulation of neuroactive and potentially neurotoxic derivatives, most notably quinolinic
acid, which perturbs glutamatergic signaling through effects on N-methyl-D-aspartate
(NMDA) receptors and contributes to excitatory neurotransmission imbalance [146].

Multiple investigations have identified higher CRP levels and enhanced IDO activation
in individuals with major depressive disorder, accompanied by increased kynurenine-to-
tryptophan ratios and lower serotonin availability. Collectively, these convergent findings
indicate a reciprocal biochemical interplay between inflammatory processes and the patho-
physiology of depression [147-149]. Concurrently, CRP has emerged as a robust biomarker
for estimating cardiovascular risk, operating both as a stand-alone indicator and as a com-
ponent of multimarker risk models. Growing evidence implicates persistent low-grade
inflammatory activity as a fundamental biological driver in the initiation and progression
of coronary artery disease [150].

Additionally, fibrinogen, a coagulation-related acute-phase protein with inflamma-
tory properties, shows no reproducible difference between depressed and non-depressed
coronary heart disease populations, even in the presence of marked interstudy variability,
indicating an unstable link with psychiatric status. In parallel, NT-proBNP, reflecting
myocardial strain and neurohormonal activation, does not appear to differ meaningfully
between groups. Taken together, these observations point to IL-6 as the most reliable
inflammatory correlate of depression in coronary heart disease, whereas fibrinogen and
natriuretic peptides exhibit weaker or inconsistent associations [120].

4.2. Autonomic Nervous System Dysregulation

Chronic psychological stress alters autonomic equilibrium by persistently activating
hypothalamic CRH pathways, thereby favoring sympathetic dominance over parasym-
pathetic control. Projections from the paraventricular nucleus to the locus coeruleus am-
plify sympathetic tone via al-adrenergic signaling and concurrently inhibit vagal activity
through o2-mediated mechanisms. As a consequence, catecholamine secretion remains
chronically elevated, while cholinergic modulation is diminished. Unlike the transient,
adaptive autonomic shifts seen in acute stress, prolonged exposure produces sustained
sympathetic drive without sufficient parasympathetic opposition. This imbalance mani-
fests clinically as tachycardia, depressed heart rate variability, and reduced cardiovascular
resilience, features consistently associated with poor cardiac prognosis [151].

Heart rate variability (HRV) provides a quantifiable marker of autonomic imbalance in
depression. A meta-analysis including 2359 depressed patients demonstrated significantly
reduced standard deviation of NN intervals (g = —0.87), root mean square of successive
differences (g = —0.51), and high-frequency power (g = —0.51) compared with controls,
indicating diminished vagal modulation independent of cardiac comorbidity [152].

HRV clinically and non-invasively captures the “signature” of autonomic imbal-
ance relevant to both MHD and coronary risk: chronic stress is associated with sym-
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pathetic hyperactivation (tHR/1BP, increased hemodynamic load) and vagal withdrawal
({parasympathetic modulation). The vagus nerve exerts anti-inflammatory effects through
the cholinergic anti-inflammatory pathway, limiting macrophage activation and cytokine
release. When vagal tone declines (reduced HRV), this anti-inflammatory restraint weak-
ens, promoting a pro-inflammatory milieu (including inverse correlations between HRV
and markers such as IL-6 and CRP) that accelerates inflammaging, plaque instability, and
vulnerability to ACS events [153].

In post-myocardial infarction patients with major depression, impaired HRV recovery
persisted over follow-up, whereas improvement in depressive symptoms was accompanied
by partial HRV normalization [154]. These data support reduced vagal tone as a measurable
physiological intermediary linking depression to adverse cardiac prognosis.

Across the spectrum of CVDs, persistent amplification of sympathetic tone constitutes
a fundamental pathophysiological force driving both onset and disease worsening. Evi-
dence from microneurography and norepinephrine kinetic studies reveals progressively
heightened sympathetic output in individuals with high-normal blood pressure, overt hy-
pertension, and treatment-resistant hypertension, closely tracking the magnitude of blood
pressure elevation. Such neuroadrenergic excess facilitates hypertension-related target
organ injury, manifested by endothelial impairment, vascular stiffening, and concentric
myocardial hypertrophy. Within cardiac tissue, prolonged (31-adrenergic activation en-
hances cytosolic Ca?* fluxes, transiently increasing inotropy while simultaneously raising
myocardial oxygen demand, a combination that accelerates maladaptive remodeling. In
parallel, augmented sympathetic drive stimulates the renin-angiotensin—aldosterone axis,
amplifying preload and afterload and sustaining a self-perpetuating cycle of ventricular
dysfunction. Collectively, these neurohumoral and structural perturbations increase sus-
ceptibility to heart failure, major adverse cardiac events, and ultimately ACS, underscoring
sympathetic hyperactivation as a key biological link between autonomic imbalance and
cardiovascular risk [155].

During the acute phase of ACS, heightened sympathetic drive and increased circu-
lating inflammatory markers rise in parallel and subsequently diminish with recovery,
suggesting coexisting but independent biological pathways that each contribute to unfa-
vorable cardiovascular prognosis [156].

4.3. HPA Axis Hyperactivation

Neuroendocrine stress regulation is increasingly implicated in the pathophysiology of
multiple chronic disorders, with the hypothalamic—pituitary—adrenal (HPA) axis occupying
a pivotal position in this process [157]. Functionally, the HPA axis integrates hypothalamic,
pituitary, and adrenal signaling into a coordinated neuroendocrine network that orches-
trates adaptive responses to environmental and internal challenges, thereby preserving
physiological equilibrium [158]. Converging clinical and experimental data indicate that
this system is persistently overactivated in individuals with depressive disorders when
compared with non-affected populations [158,159].

Complex neuromodulatory networks exert continuous control over the HPA axis, and
these regulatory systems are profoundly disrupted across psychiatric illnesses. Exposure to
stress engages serotonergic, noradrenergic, and dopaminergic projections that converge on
corticotropin-releasing, hormone-producing neurons within the paraventricular nucleus,
leading to enhanced corticotropin-releasing hormone gene expression and peptide release.
Activation of 5-HT1A and 5-HT2 receptors by serotonin, stimulation of «l-adrenergic
receptors by norepinephrine, and signaling through dopamine D1 receptors collectively
facilitate adrenocorticotropic hormone secretion and raise systemic cortisol concentra-
tions. In parallel, increased excitatory glutamatergic drive toward paraventricular nucleus
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corticotropin-releasing hormone neurons augments adrenocorticotropic hormone and cor-
ticosterone output, whereas attenuation of y-aminobutyric acid-mediated tone removes
an important inhibitory brake on HPA axis activity. Neuropathological investigations in
mood disorders reveal expanded populations of corticotropin-releasing hormone-positive
and corticotropin-releasing hormone/arginine vasopressin-coexpressing neurons, higher
corticotropin-releasing hormone messenger ribonucleic acid (mRNA) expression, and
elevated circulating corticotropin-releasing hormone levels [160].

Alterations of the HPA axis may present as reduced basal cortisol output, blunted or
exaggerated stress reactivity, or loss of normal diurnal cortisol rhythmicity. Prolonged ex-
posure to stress typically produces an early phase of sustained hypercortisolemia, followed
by receptor downregulation and progressive signaling exhaustion, thereby aggravating
neuroendocrine dysregulation. This maladaptive trajectory is associated with heightened
vulnerability to cardiovascular, metabolic, immune, and psychiatric disorders, as well as
cognitive decline, and may also contribute to mechanisms involved in neurodegenerative
disease [157].

Persistent HPA axis overdrive produces chronic cortisol excess that weakens glucocor-
ticoid receptor feedback, sustaining corticotropin-releasing hormone-adrenocorticotropic
hormone signaling and long-term hypercortisolemia. In depressive and bipolar disor-
ders, this state disrupts circadian rhythms, reduces receptor sensitivity, and suppresses
brain-derived neurotrophic factor, thereby impairing neuroplasticity. Cortisol simultane-
ously diminishes serotonergic tone by increasing serotonin transporter activity, lowering
tryptophan availability, and modifying 5-HT2C receptor function. Prolonged exposure
promotes hippocampal atrophy, reduced neurogenesis, and cognitive-affective dysfunction.
In psychotic and anxiety disorders, elevated cortisol compromises hippocampal-prefrontal
circuits, enhances neuroinflammatory processes, and correlates with symptom severity,
while glucocorticoid resistance blunts anti-inflammatory actions. Therefore, cortisol dys-
regulation constitutes a shared endocrine pathway contributing to multiple psychiatric
conditions [161,162].

Conversely, elevated concentrations of circulating stress hormones were strongly cor-
related with a greater likelihood of developing cardiovascular pathology when contrasted
with lower hormonal levels. Overall risk modeling demonstrated an approximate 63%
increase in cardiovascular risk among individuals exhibiting globally higher stress hor-
mone profiles. When evaluated separately, excess norepinephrine was associated with an
estimated 68% rise in cardiovascular risk, increased epinephrine with a 58% higher risk, and
elevated cortisol with an approximate 60% greater risk, underscoring a robust dose-risk
relationship between neuroendocrine activation and cardiovascular vulnerability [163].

4.4. Platelet Hyperreactivity

While inflammatory and endothelial mechanisms contribute primarily to plaque
development, platelet activation is central to the transition from plaque destabilization to
occlusive thrombosis [164].

Platelets form an important biological bridge between psychiatric disorders and throm-
botic cardiovascular risk because of their close functional similarity to central monoamin-
ergic systems [165]. Structural and functional disturbances in platelet morphology and
signaling, influencing neurotransmitter release, calcium homeostasis, and inflammatory
mediator secretion, are evident across multiple disorders. These alterations favor systemic
inflammation, oxidative stress, and blood-brain barrier disruption, with emerging evidence
implicating modulation by the gut microbiota [166].

Heightened platelet reactivity has been proposed as a contributory biological mecha-
nism underlying the greater susceptibility of individuals with depression to the develop-
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ment of ischemic heart disease [167]. In depression, disrupted serotonergic and noradrener-
gic platelet signaling alters serotonin storage and uptake, lowering activation thresholds
and producing a hyperreactive, prothrombotic phenotype. In schizophrenia, structural
and metabolic platelet abnormalities, together with oxidative stress, modify aggregation
responses. Anxiety and suicidality are likewise associated with serotonergic dysfunction
and reduced inhibitory receptor density on platelets. Collectively, these alterations con-
verge toward increased platelet reactivity, promoting thrombosis, plaque destabilization,
and greater susceptibility to ACS [165].

During ACSs, platelets act as key mediators of arterial thrombosis after disruption
of an atherosclerotic plaque. Contact with exposed collagen and von Willebrand factor
triggers platelet tethering and adhesion through surface receptors such as GPIb-IX-V, GPV],
and «2f1, promoting rapid recruitment and heightened responsiveness. Downstream
activation of intraplatelet signaling and thrombo-inflammatory pathways strengthens ag-
gregation and supports growth of an occlusive thrombus, limiting coronary perfusion and
precipitating myocardial ischemia. At the same time, these pathways integrate hemostatic
and inflammatory signaling, highlighting a close interplay between prothrombotic and
pro-inflammatory platelet states in acute coronary syndromes [168].

4.5. Endothelial Dysfunction

Within ACS, impaired endothelial function emerges as an independent prognostic
determinant, being associated with an approximately 2.4-fold increase in the risk of car-
diovascular mortality. This observation supports a direct connection between antecedent
endothelial damage and unfavorable outcomes during acute coronary events [169].

Depressive illness has been consistently linked to abnormalities in vascular homeosta-
sis, manifested by blunted endothelium-dependent vasorelaxation that reflects compro-
mised nitric oxide (NO) signaling. Heightened inflammatory burden, characterized by
elevated cytokines, adhesion molecules, and acute-phase reactants, interferes with endothe-
lial function and diminishes NO bioavailability. While high-density lipoprotein typically
supports endothelial regeneration and NO production, these atheroprotective actions ap-
pear weakened in individuals with depression. In contrast, vasodilatory responses that
bypass the endothelium remain intact, indicating preserved smooth muscle reactivity. This
profile suggests an early stage of endothelial injury and provides a plausible biological
pathway connecting affective disorders with heightened cardiovascular vulnerability [170].

Concurrently, prolonged hyperactivity of the HPA axis in psychiatric conditions results
in continuous cortisol excess and progressive insensitivity of endothelial glucocorticoid
receptors. This alteration weakens the physiological anti-inflammatory effects of glu-
cocorticoids, allowing cytokine-driven signaling to persist within the endothelium and
further impair nitric oxide-mediated vasoregulatory mechanisms. Ineffective glucocorticoid
feedback additionally promotes increased expression of endothelial adhesion molecules
and destabilization of barrier integrity, thereby enhancing leukocyte adhesion and vas-
cular inflammatory responses. Together, glucocorticoid receptor resistance and ongoing
inflammatory activation cooperate to sustain diminished NO availability and endothe-
lial dysfunction, consolidating the heightened vascular risk characteristic of psychiatric
illness [171].

Chronic glucocorticoid excess directly impairs endothelial nitric oxide signaling. In
cultured human endothelial cells, dexamethasone suppresses endothelial nitric oxide syn-
thase (eNOS) transcription and reduces NO production, effects mediated via glucocorticoid
receptor-dependent pathways [172]. In patients with coronary artery disease, acute mental
stress significantly reduces flow-mediated dilation, an effect prevented by pharmacologic
inhibition of cortisol synthesis with metyrapone. These findings define a clinically demon-
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strable HPA-axis—cortisol-eNOS suppression cascade linking psychiatric stress biology to
impaired vascular reactivity and coronary vulnerability [173].

Converging evidence indicates that mental health-related neuroendocrine and in-
flammatory dysregulation promotes endothelial dysfunction, which, in turn, contributes
to both progressive atherogenesis and increased susceptibility to plaque destabilization,
establishing a bidirectional ACS—-mental health continuum.

Across these pathways, chronic immune activation predominantly drives plaque initia-
tion and growth, whereas sympathetic surges, protease activity, and thrombo-inflammation
more directly govern cap failure and thrombosis, the proximate events in ACS.

Table 2 synthesizes the principal biological pathways through which MHDs and ACSs
converge, emphasizing shared mediators and bidirectional pathophysiological mechanisms.

Overall, these inter-related inflammatory, neuroendocrine, autonomic, platelet, and
endothelial pathways establish a self-reinforcing biological network linking mental health
disorders and acute coronary syndrome within a bidirectional disease continuum. The
bidirectional relationship between depression and ACS/CVD operates through multi-
ple interconnected pathways (Figure 3). Depression promotes cardiovascular disease via
HPA axis dysregulation, autonomic dysfunction, inflammatory activation, and behavioral
modifications. Conversely, ACS/CVD triggers depression through altered cerebral hemo-
dynamics, blood-brain barrier disruption, neuroinflammation, and direct neural damage.
These mechanisms create a self-perpetuating feedback loop where each condition amplifies
the other, supported by substantial clinical evidence showing increased mortality and
morbidity in comorbid patients [174].

The converging evidence supports the conceptualization of depression and anxiety as
prototypical and clinically prevalent expressions of broader neuroinflammatory, neuroen-
docrine, autonomic, platelet, and endothelial dysregulation that characterize the mental
health—ACS interface. Moreover, these shared biological pathways extend across the wider
spectrum of mental health disorders and operate bidirectionally, as acute coronary syn-
dromes themselves induce systemic inflammation, stress axis activation, cerebral perfusion
alterations, and blood-brain barrier disruption that may precipitate or exacerbate affective
symptomatology. Together, these mechanisms reinforce a unified and self-perpetuating
mechanistic continuum rather than a linear cause—effect model.
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Table 2. Mechanistic pathways linking MHD-ACS.

Mechanistic Domain Mental Health Disorders — Biological Alterations Shared Mediators Cardiovascular Consequences — ACS Ref.
Psychiatric disorders show systemic and central Macrophage-driven inflammation promotes

Chronic low-erade inflammation and pro-inflammatory profile with increased IL-133, IL-2, IL-1B, T1.-6, TNF-o, CRP, NF-kB, NLRP3 plaque formation; amplified cytokine signaling

immune activgation IL-6, IL-8, IL-12, IFN-«, CCL2, TNF-&, CRP, CXCL4, JAK/ /ST AT, ’ ’ 4 4 contributes to cap thinning and destabilization;  [118,122,123,125]
CXCL7,1BA1, TLR3, and TLR4 and reduced IL-4, CCL4, IL-6 associated with cardiovascular death, MI,
TGF-3, and BDNF stroke, PAD, and HF
Chronic stress induces sympathetic predominance and Sympathetic overactivity promotes endothelial

Autonomic nervous vagal withdrawal via CRH signaling; sustained . . . . dysfunction, arterial stiffness, LV hypertrophy,

system dysregulation norepinephrine and epinephrine elevations with CRH, norepinephrine, epinephrine RAAS activation, adverse remodeling, and [151,155,156]
reduced acetylcholine predisposition to ACS
Increased CRH/AVP drive ACTH and sustained Higher cortisol associated with increased

. L cortisol release; impaired GR-mediated feedback; . cardiovascular risk; endothelial glucocorticoid

HPA axis hyperactivation disrupted circadian cortisol; reduced BDNEF; altered CRH, AVE, ACTH, cortisol, GR resistance permits persistent cytokine signaling [160,161,163,171]
serotonergic signaling; hippocampal and PFC damage and NO suppression
ﬁlfiegefelgi?éilitnssrrO}t;Tsr;:é;/ Zﬁcriair;r;ebl;ﬁl; signaling Plaque rupture exposes collagen and vVWEF —

Platelet hyperreactivity and pression; morphological il Serotonin, ADP, thrombo-inflammatory platelet adhesion via GPIb-IX-V, GPVI, and

. abnormalities in schizophrenia; oxidative stress alters . . . L. [165,166,168]

prothrombotic state signaling 231 — platelet accumulation, hyperreactivity,

ADP/collagen responses; reduced platelet ) e .
- : s . s occlusive thrombus, and myocardial ischemia

benzodiazepine receptor density in anxiety/suicidality
Impeired ot dependen asodltion due o

Endothelial dysfunction ¥ Y INO, cytokines, CRP, cortisol predicts mortality in ACS (~2.4-fold higher [169-171]

acute-phase proteins disrupt endothelial signaling;
attenuated HDL protective effects

cardiovascular death risk)

ACTH, adrenocorticotropic hormone; ACS, acute coronary syndrome; ADP, adenosine diphosphate; AVP, arginine vasopressin; BDNF, brain-derived neurotrophic factor; CAD, coronary
artery disease; CRH, corticotropin-releasing hormone; CRP, C-reactive protein; GR, glucocorticoid receptor; HDL, high-density lipoprotein; HF, heart failure; IFN-«, interferon alpha; IL,
interleukin; JAK/STAT, Janus kinase/signal transducer and activator of transcription; LV, left ventricular; MI, myocardial infarction; NF-«B, nuclear factor kappa B; NO, nitric oxide;
PAD, peripheral artery disease; PFC, prefrontal cortex; RAAS, renin-angiotensin—-aldosterone system; TGF-§3, transforming growth factor beta; TLR, toll-like receptor; TNF-«, tumor
necrosis factor alpha; vWE, von Willebrand factor; | decreased levels or activity.
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Figure 3. Integrated pathophysiological mechanisms underlying the bidirectional relationship be-
tween ACS/CVD and depression. Conceptual framework depicting the bidirectional pathophys-
iological links between depression and ACS/CVD. The left panel summarizes mechanisms by
which depression promotes adverse cardiovascular outcomes (neuroendocrine dysregulation, au-
tonomic imbalance, inflammatory activation, and maladaptive behaviors), whereas the right panel
illustrates pathways through which ACS/CVD contributes to the development of depressive symp-
toms (altered cerebral perfusion, blood-brain barrier disruption, central neuroinflammation, and
direct neural injury). The central feedback loop emphasizes the dynamic amplification between
the two disease processes. ACS, acute coronary syndrome; CVD, cardiovascular disease; HPA axis,
hypothalamic—pituitary—-adrenal axis; CAR, cortisol awakening response; HRV, heart rate variability;
IL-6, interleukin-6; TNF-o, tumor necrosis factor alpha; IL-1f3, interleukin-1 beta; CRP, C-reactive
protein; BBB, blood-brain barrier; CNS, central nervous system; ROS, reactive oxygen species; IDO, in-
doleamine 2,3-dioxygenase; MI, myocardial infarction; 1 increased levels or activity; | decreased
levels or activity.

4.6. Pharmacological Modulation of Shared Inflammatory Pathways
4.6.1. Modulation of Shared Pathways by Psychiatric Pharmacotherapy

Selective serotonin reuptake inhibitors (SSRIs) actively modulate the inflammatory,
endothelial, platelet, and autonomic pathways. Regarding vascular inflammation, sertra-
line reduced circulating CRP and IL-6 in coronary heart disease patients with depression.
SSRI-associated reductions in IL-13, a key NLRP3-driven mediator of both plaque pro-
gression and neuroinflammation, have been observed. Concerning endothelial function,
escitalopram decreased VCAM-1 and von Willebrand factor, while paroxetine increased
serum nitric oxide and eNOS activity through a direct, depression-independent mechanism,
partially reversing the endothelial NO deficiency. Platelet hyperreactivity was attenuated
by sertraline, which reduced beta-thromboglobulin, P-selectin, PF-4, and thromboxane
B2 in post-ACS patients despite concurrent antiplatelet therapy. Regarding autonomic
pathways, SSRIs reduced arterial stiffness and augmentation index exclusively in treat-
ment responders, suggesting that vascular benefit is partly mediated through depression
remission rather than direct pharmacological action alone [175].
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Antidepressant classes exhibit differential electrophysiologic and autonomic profiles
that may modify cardiovascular risk. Tricyclic antidepressants inhibit cardiac fast sodium
channels and have anticholinergic/adrenergic effects that prolong PR/QRS/QT intervals,
reduce heart rate variability, and increase arrhythmia risk, mechanisms that can worsen au-
tonomic imbalance and electrical instability in CAD. In contrast, SSRIs are generally better
tolerated at therapeutic doses and may attenuate thrombotic risk by inhibiting serotonin
uptake into platelets. Sertraline appears neutral or modestly favorable regarding heart rate
variability; however, QT prolongation can occur in susceptible individuals, particularly
with higher doses or drug interactions, warranting electrocardiographic monitoring [176].

Pharmacovigilance analyses have identified disproportionate reporting signals linking
SSRIs to arrhythmias, QT prolongation, and rare cardiomyopathy events. These observa-
tional signals do not establish causality but are consistent with known electrophysiologic
mechanisms, including blockade of the cardiac rapid delayed rectifier potassium channel
encoded by the human ether-a-go-go-related gene, which delays ventricular repolarization.
These findings support careful risk stratification and monitoring in high-risk populations
rather than routine avoidance [177].

Antipsychotics modify the same autonomic, electrophysiologic, metabolic, and inflam-
matory pathways central to ACS vulnerability. Alpha-1 adrenergic blockade contributes
to orthostatic hypotension, whereas muscarinic antagonism and catecholamine elevation
may promote persistent tachycardia and sympathetic predominance. Most agents inhibit
cardiac repolarizing potassium currents, predisposing to QT prolongation and malignant
arrhythmias. Clozapine-induced myocarditis involves catecholaminergic activation, cy-
tokine release, and IgE-mediated inflammation, directly amplifying the pro-inflammatory
pathways. Conversely, 5-HT2A receptor blockade by atypical antipsychotics may partially
attenuate platelet aggregation, potentially moderating thrombotic risk. Second-generation
antipsychotics may additionally promote dyslipidemia and insulin resistance, indirectly am-
plifying atherosclerotic substrate formation. Collectively, these mechanisms demonstrate
that psychiatric pharmacotherapy does not merely coexist with cardiovascular risk but
actively interacts with the inflammatory and autonomic circuits described above [178-180].

4.6.2. Anti-Inflammatory Modulation of Shared Pathways

Emerging evidence positions vascular inflammation not merely as a consequence of
atherosclerosis but as a primary, modifiable driver of residual cardiovascular risk, including
in post-percutaneous coronary intervention patients, independent of lipid control [105]. A
pooled analysis of STRENGTH, REDUCE-IT, and PROMINENT demonstrated that hsCRP
predicted cardiovascular events more strongly than LDL-C in statin-treated patients [181].

The CANTOS trial confirmed this paradigm, showing that canakinumab, an IL-13
inhibitor, at 150 mg every three months significantly reduced recurrent cardiovascular events
independently of lipid lowering, with concomitant reductions in hsCRP and IL-6 [182].

Colchicine, acting via tubulin disruption and NLRP3 inflammasome inhibition, re-
duced ischemic events by 23% in post-MI patients in the COLCOT trial. Moreover, it has
been demonstrated that colchicine significantly increased fibrous cap thickness, directly
attenuating plaque vulnerability [183,184].

Ziltivekimab, targeting IL-6, markedly reduced hsCRP by up to 92% at 30 mg in
high-risk patients. Given that shared inflammatory pathways, particularly IL-1§3, IL-6, and
NLRP3, underlie both atherosclerotic plaque destabilization and neuroinflammation impli-
cated in mental disorders onset, anti-inflammatory strategies may represent a converging
therapeutic target at the MHD-ACS interface [185].
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The pharmacological interactions between psychiatric medications and the shared
inflammatory, autonomic, platelet, and endothelial pathways implicated in both MHD and
ACS are summarized in Figure 4 [105,175-185].
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Figure 4. Pharmacological modulation of shared pathways at the MHD-ACS interface. The upper
panel identifies key shared molecular mediators linking MHD and ACS. The lower panels illustrate
how psychiatric pharmacotherapy (SSRIs, antipsychotics, and tricyclic antidepressants) and targeted
anti-inflammatory agents (canakinumab, colchicine, and ziltivekimab) interact with these conver-
gent pathways. Green benefit tags indicate cardioprotective effects; yellow warning tags denote
adverse cardiovascular signals requiring monitoring; 1 increased levels or activity; | decreased levels
or activity.

5. Interventions in MHD-ACS Relationship

The reciprocal interplay between psychiatric morbidity and ACS necessitates a multi-
dimensional and coordinated management strategy. Effective care should combine phar-
macotherapy with evidence-based psychological interventions, structured collaborative
care frameworks, and close integration within cardiac rehabilitation programs, thereby
addressing both mental health and cardiovascular risk in a unified therapeutic model [186].
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5.1. Pharmacological Treatment

In patients with MHDs, platelet hyperreactivity may plausibly contribute to a higher
thrombotic risk during ACS. While no ACS risk score or antithrombotic strategy is currently
tailored to psychiatric status, escalation to parenteral antiplatelet therapy may be considered
in selected high-risk scenarios. Cangrelor, an intravenous, rapidly acting, and reversible
P2Y12 inhibitor, provides immediate platelet inhibition during percutaneous coronary
intervention and has shown lower periprocedural ischemic complications compared with
oral P2Y12 [187].

Glycoprotein IIb/IIla inhibitors (e.g., tirofiban) remain guideline indicated mainly
as bail-out therapy (e.g., large thrombus/no-reflow) but require careful bleeding risk
assessment [188]. However, tirofiban may represent a potent parenteral bridge for patients
with high thrombotic burden and neuroendocrine-driven procoagulant activity [189].

Data derived from real-world cohorts consistently support selective serotonin reuptake
inhibitors as the pharmacological class with the strongest evidence base for managing
depression in individuals with coronary artery disease or ACS. Within this population,
SSRIs demonstrate a favorable safety profile and clinically meaningful antidepressant
efficacy. Among available agents, sertraline has been investigated most extensively and is
often considered a preferred option, largely because it lacks clinically relevant QT-interval
prolongation and exhibits good cardiovascular tolerability [190].

Compared with SSRIs, serotonin—norepinephrine reuptake inhibitors (SNRIs) en-
hance both serotonergic and noradrenergic transmission and may therefore lead to modest
elevations in heart rate and arterial pressure, warranting careful hemodynamic surveil-
lance, particularly in patients receiving venlafaxine. Tricyclic antidepressants (TCAs) and
monoamine oxidase inhibitors (MAOIs) exhibit substantial cardiovascular liability, includ-
ing impaired cardiac conduction, proarrhythmic effects, orthostatic hypotension, and risk
of hypertensive crises, which largely precludes their use in individuals with established
CVD. In contrast, atypical agents such as mirtazapine and trazodone generally demonstrate
a more favorable cardiac safety profile, although dose-related hypotension and occasional
QT-interval prolongation have been reported [176].

A quantitative synthesis examining cardiovascular outcomes in depressed individuals
with coronary artery disease demonstrated that exposure to SSRIs after ACS is linked to
a substantial decrease in recurrent ischemic events. Specifically, patients receiving SSRI
therapy in the post-ACS setting exhibited an approximate 44% relative reduction in the risk
of subsequent myocardial infarction, supporting a potential cardioprotective effect of these
agents in this high-risk population [191].

Randomized placebo-controlled investigations, including CREATE [192], EsDE-
PACS [193,194], and SADHART [195], consistently show that sertraline, escitalopram,
and citalopram provide greater improvement in depressive symptoms than placebo in
patients with coronary artery disease or ACS. Extended observation from EsDEPACS
additionally indicates that escitalopram therapy is associated with fewer major adverse
cardiac events and reduced all-cause mortality across long-term follow-up. Although most
randomized trials were designed primarily for psychiatric outcomes rather than cardiovas-
cular endpoints, real-world observational studies report lower mortality among patients
treated with SSRIs and among those achieving antidepressant response. By comparison,
antidepressant therapy demonstrates modest benefit in heart failure populations, yet SSRIs
appear to have an acceptable safety profile. Tricyclic antidepressants are generally avoided
because of well-established cardiotoxic effects, while data supporting other antidepressant
classes in cardiac populations remain limited.

Evidence that depression treatment reduces recurrent ischemic events after ACS
remains mixed. In ENRICHD, cognitive behavioral therapy with or without antidepressants
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improved psychosocial outcomes but did not significantly reduce the primary composite of
death or recurrent myocardial infarction compared with usual care. In contrast, the COPES
randomized trial of a patient-preference, stepped-care depression program after ACS
reported fewer major adverse cardiac events versus usual care, although cardiovascular
outcomes were secondary and the trial was not powered primarily for hard endpoints [190].

The clinical impact of treating depression on recurrent ACS remains a subject of
intense investigation. Evidence from the K-DEPACS trial demonstrated that successful
antidepressant treatment with escitalopram significantly reduced the 8-year risk of MACEs
compared to placebo [196].

Within the UPBEAT study, sertraline achieved a significantly larger decrease in de-
pressive symptom burden than placebo, with overall antidepressant efficacy similar to
that observed with structured aerobic training. Nonetheless, treatment with sertraline was
accompanied by higher rates of fatigue and sexual adverse effects relative to both exercise
and placebo. From a physiological perspective, sertraline produced a small enhancement in
baroreflex sensitivity when compared with exercise, yet it did not demonstrate reproducible
improvements in indices of chronic inflammation, endothelial performance, or platelet
reactivity. Taken together, these data reinforce SSRIs, and sertraline in particular, as effective
and broadly safe agents for managing depression in coronary heart disease while indicating
that convincing evidence for intrinsic cardioprotective actions remains limited [197].

Among individuals who develop depressive syndromes following an ACS, adminis-
tration of escitalopram at doses of 5-20 mg daily over a 24-week period has been shown
to provide robust antidepressant benefit while maintaining a favorable cardiovascular
safety profile. Within a randomized, double-blind, placebo-controlled design, escitalopram
produced a significantly greater decline in Hamilton Depression Rating Scale scores and
yielded parallel improvements on the Montgomery—Asberg depression rating scale, Beck
depression inventory, clinical global impression-severity scale, and measures of social and
occupational functioning. The treatment was not accompanied by detrimental effects on
echocardiographic or electrocardiographic indices, arterial pressure, body mass, or routine
laboratory markers. Collectively, these data position escitalopram as a well-tolerated and
evidence-supported pharmacologic option at the interface of depressive pathology and
CVD [198].

Antidepressant safety is class dependent. Tricyclic antidepressants exhibit significant
cardiotoxicity by inhibiting fast sodium channels, slowing conduction velocity (prolonging
PR, QRS, and QT intervals), and increasing risks for AV block and reentry arrhythmias.
Conversely, SSRIs (e.g., sertraline and fluoxetine) are considered first line for ACS pa-
tients due to their acceptable safety profile and potential cardioprotective antiplatelet
effects. However, citalopram demonstrates dose-dependent cardiotoxicity, particularly QTc
prolongation. SNRIs (e.g., venlafaxine) may increase heart rate and blood pressure via
norepinephrine reuptake inhibition, while atypical agents like mirtazapine and trazodone
generally show minimal cardiovascular impact at therapeutic doses [176].

Pharmacological treatment of BD in patients with CVD prioritizes mood stabilizers
and antipsychotics with favorable cardiac safety. Lithium may produce repolarization
changes, atrioventricular block and sinus bradycardia. Valproate mainly affects platelet
function without major cardiotoxicity, whereas carbamazepine can impair cardiac con-
duction. Lamotrigine and oxcarbazepine show minimal cardiovascular risk. Typical
antipsychotics are strongly associated with QT /QTc prolongation and Torsades de pointes.
Among atypical agents, clozapine, risperidone, and quetiapine commonly cause orthostatic
hypotension and metabolic abnormalities, while aripiprazole has the safest cardiac profile.
Antipsychotics remain the cornerstone of schizophrenia management, with routine moni-
toring of metabolic and cardiac parameters. Antipsychotics may provide heterogeneous
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cardiovascular risks. Most clinical concern involves dose-dependent QTc prolongation
via blockade of the delayed rectifier potassium current, which increases susceptibility to
Torsades de Pointes and sudden cardiac death. Thioridazine and haloperidol exhibit higher
torsadogenic potential, whereas aripiprazole and lurasidone show minimal QTc impact. Be-
yond arrhythmias, antipsychotics may cause orthostatic hypotension and sinus tachycardia
through alphal-adrenergic and muscarinic M2 blockade, respectively. Critically, clozapine
is uniquely associated with life-threatening myocarditis and cardiomyopathy, necessitating
monitoring for tachycardia and flu-like symptoms during treatment initiation [199].

Clozapine carries additional risk of myocarditis, cardiomyopathy, and rare sudden car-
diac death. For anxiety disorders, first-line pharmacotherapy includes SSRIs and serotonin—
norepinephrine reuptake inhibitors (SNRIs). Benzodiazepines may be used short-term,
preferably short- or intermediate-acting agents such as lorazepam or oxazepam, with
negligible cardiovascular effects. Quetiapine or gabapentin may serve as second-line
options [200].

Growing evidence indicates that traditional Chinese medicine contributes to modula-
tion of the MHD-CVD interface through individualized, pattern-oriented, multi-pathway
interventions. Clinical data suggest that Xinkeshu administration following percutaneous
coronary intervention is associated with improvement in depressive symptom burden
together with favorable changes in lipid metabolism. Quantitative syntheses report better
outcomes compared with absence of therapy and therapeutic performance comparable
to conventional pharmacological approaches. At the molecular level, phytochemicals
including quercetin, kaempferol, puerarin, baicalein, and tanshinone IIA display anti-
inflammatory, antioxidative, and cytoprotective actions [201].

Several nonconventional pharmacologic and nutraceutical strategies have been ex-
plored for depressive symptom management. Hypericum perforatum demonstrates superior-
ity over placebo and therapeutic effects comparable to standard antidepressants in mild,
non-melancholic depression. S-adenosyl-L-methionine (SAM-e) shows possible benefit
in depression, although available evidence remains of modest methodological strength.
Long-chain omega-3 polyunsaturated fatty acids, particularly eicosapentaenoic acid and
docosahexaenoic acid, are associated with a reduced likelihood of depressive symptoms in
meta-analytic evaluations. Importantly, robust data regarding the safety and efficacy of
these interventions in coronary artery diseases populations are lacking, highlighting the
need for dedicated cardiovascular-focused trials [202].

5.2. Psychotherapy and Stress-Reduction Interventions

Among psychotherapeutic interventions, cognitive behavioral therapy (CBT) has the
strongest evidence base for treating depression in individuals with CVD. This modality
targets maladaptive thought patterns, dysfunctional behaviors, and impaired emotional
regulation. Structured telephone-based CBT interventions, such as the MoodCare pro-
gram, deliver approximately ten clinician-guided sessions focused on psychological and
cardiovascular risk reduction and have been shown to significantly alleviate depressive
symptoms following ACS. Likewise, web-based CBT platforms administered over nine to
twelve weeks, including nurse-supported models, are associated with meaningful improve-
ments in depression severity [190].

Within the ENRICHD study, individuals treated after myocardial infarction with
CBT demonstrated larger improvements in depressive symptom severity, as reflected by
greater decreases in HAM-D scores, relative to participants assigned to educational support.
However, no significant differences were observed between groups for primary cardiovas-
cular endpoints. Notably, subsequent exploratory analyses indicated that engagement in

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.3390/medsci14010138

Med. Sci. 2026, 14, 138

33 of 56

physical exercise correlated with lower rates of all-cause mortality and recurrent non-fatal
MI [203,204].

Additional structured psychotherapeutic modalities, including interpersonal-focused
and problem-oriented therapies, have demonstrated efficacy in alleviating depressive symp-
tomatology, enhancing adherence to medical regimens, and lowering relapse vulnerability
when used as adjuncts to pharmacotherapy. These interventions typically yield progressive
symptomatic benefit and measurable gains in health-related quality of life. While consis-
tent reductions in cardiac-specific mortality have not been established, the integration of
psychological care with routine cardiologic management is linked to fewer fatal cardiac
events and superior mental health outcomes relative to usual care alone, without a parallel
effect on overall survival [201].

Among individuals with CVD complicated by anxiety disorders, structured psy-
chotherapeutic strategies yield moderate but clinically relevant symptom improvement.
CBT represents the most extensively evaluated modality, while growing evidence also
supports mindfulness-oriented therapies, metacognitive approaches, eye movement de-
sensitization and reprocessing, behavioral activation, relaxation-integrated CBT, stress-
reduction programs, and social-cognitive interventions. Programs explicitly designed to
address anxiety demonstrate superior efficacy compared with nonspecific psychological
interventions [205].

5.3. Multidisciplinary and Stepped-Care Models

Available data support the implementation of an integrated, multi-component care
model that incorporates psychological therapy, appropriate pharmacologic treatment,
structured physical activity, stress-reduction strategies, counseling modalities, and patient-
centered self-care interventions. Systematic screening for depressive symptoms, together
with coordinated multidisciplinary management, is essential for maximizing psychiatric
stabilization and improving cardiovascular prognosis in this high-risk population. Con-
temporary collaborative care frameworks prioritize systematic identification of depressive
symptomatology in individuals with coronary heart disease, with subsequent escalation
of integrated therapeutic strategies according to clinical burden and psychosocial needs.
Empirical findings indicate that coupling detection procedures with structured self-care
guidance for mood symptoms yields measurable improvements in patient outcomes [201].

Guidelines recommendations endorse comprehensive care models that merge behav-
ioral stress reduction, counseling formats, patient-directed self-management, adjunctive
pharmacotherapy, and psychotherapeutic interventions within collaborative treatment
frameworks. In individuals presenting with moderate-to-severe depressive symptomatol-
ogy, parallel implementation of psychotherapy, antidepressant medication, and structured
longitudinal monitoring demonstrates superior efficacy compared with isolated strategies.
Cardiology providers are advised to incorporate routine mood screening into clinical prac-
tice, whereas psychiatric specialists should consider cardiovascular safety when selecting
antidepressant agents. In complex cases, coordinated multidisciplinary teams integrating
cardiology, psychiatry, and psychology formulate personalized management plans that
simultaneously target cardiac pathology and mental illness, with the overarching objec-
tive of enhancing functional status and long-term prognosis despite persistent gaps in
standardized guidance [190,201]. Tiered treatment frameworks in cardiovascular cohorts
rely on repeated evaluation of psychological status and the progressive intensification of
psychotherapeutic and/or pharmacologic interventions based on symptom burden and
therapeutic response [190].

Among individuals hospitalized for ACS who exhibit clinically significant depressive
symptomatology, the COPES study demonstrated that a six-month, preference-driven,
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remotely delivered stepped-care program achieved superior improvement in depressive
severity, as reflected by BDI scores, and was associated with fewer major adverse cardio-
vascular events compared with standard management [206].

Consistent with these findings, the CODIACS study reported meaningful reduc-
tions in depressive burden at six months when stepped-care interventions were delivered
through telephone- or web-based platforms following ACS [207]. By contrast, the expanded
CODIACS-QoL strategy, which integrated systematic depression screening with stepped-
care management, failed to demonstrate advantages in depression-free survival, symptom
severity, quality-adjusted life expectancy, or mortality over screening with provider feed-
back or usual care. Taken together, stepped-care frameworks offer a structured, patient-
tailored method for escalating treatment that consistently alleviates depressive symptoms,
while effects on cardiovascular endpoints remain variable [208].

5.3.1. Structured Screening and Diagnostic Pathways

The Patient Health Questionnaire-9 (PHQ-9) is a nine-item self-report instrument
assessing the frequency of depressive symptoms over the preceding two weeks, with each
item scored 0-3, yielding a total range of 0-27. It evaluates core Diagnostic and Statistical
Manual of Mental Disorders (DSM)-based criteria encompassing both somatic-affective
dimensions (fatigue, sleep disturbance, appetite changes, and psychomotor alterations)
and cognitive-affective dimensions (anhedonia, depressed mood, concentration difficulties,
feelings of worthlessness, and suicidal ideation). It functions as a screening and severity
stratification tool, not a diagnostic instrument; elevated scores indicate symptom burden
consistent with depression but require confirmatory clinical evaluation. Serial adminis-
tration enables objective treatment response monitoring, with a >5-point score reduction
representing a clinically meaningful improvement threshold [209,210]. The PHQ-9 can
be conducted after hospital discharge or within 2-3 months following ACS, with repeat
assessment throughout cardiac rehabilitation [209].

A large individual participant data meta-analysis encompassing 44,503 participants
across 100 studies established that at the standard cutoff of >10, PHQ-9 sensitivity and
specificity were both 0.85 against semistructured diagnostic interviews, which most closely
replicate clinical diagnostic procedures. When restricted exclusively to participants not
currently diagnosed or receiving mental health treatment, the population that would actu-
ally undergo screening in practice, specificity improved to 0.89 while sensitivity remained
unchanged. The area under the curve reached 0.90 against semistructured reference stan-
dards. Importantly, positive predictive values ranged from only 23% to 65% depending
on population prevalence, underscoring that positive screens require confirmatory clinical
evaluation rather than direct treatment initiation [211].

Based on the Yuan et al. study of 782 Chinese ACS inpatients validated against
the Mini International Neuropsychiatric Interview, the PHQ-9 demonstrated superior
screening performance compared with Hospital Anxiety and Depression Scale-Depression
Subscale (HADS-D). At the optimal cutoff of >10, PHQ-9 achieved sensitivity of 86.9%,
specificity of 84.7%, and a negative predictive value of 97.2%, with an AUC of 0.842,
indicating moderate-to-good diagnostic accuracy. Sensitivity was significantly higher
than HADS-D (76.2%, p = 0.001), yielding fewer missed diagnoses. This advantage re-
flects PHQ-9’s dual somatic-affective and cognitive-affective coverage, whereas HADS-D
captures only cognitive-affective symptoms, omitting somatic criteria central to DSM-based
major depressive disorder diagnosis in ACS populations [34].

In a randomized controlled trial of 200 ACS patients with mild-to-moderate depression,
PHQ-9 was administered 1-8 weeks post-myocardial infarction as the primary screening
instrument, consistent with AHA guidance recommending systematic depression assess-
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ment within 2-3 months of ACS onset. Serial PHQ-9 measurements at 6, 12, and 18 months
demonstrated progressively stronger negative correlations with quality-of-life scores, con-
firming its longitudinal validity as both a screening and treatment-monitoring instrument
in post-ACS populations [212].

Generalized anxiety disorder-7 (GAD-7) is a seven-item self-report scale assessing
generalized anxiety symptoms over a two-week period, with a total score range of 0-21.
Because anxiety frequently coexists with depression after ACS and independently predicts
poorer adherence and health behaviors, routine anxiety screening should accompany
depression assessment [213].

In a validation study of 398 coronary heart disease inpatients, GAD-7 demonstrated
robust psychometric properties specifically within a cardiac population. The unidimen-
sional factor structure was confirmed through confirmatory factor analysis, accounting
for 65.3% of total variance. Internal consistency was excellent, with Cronbach’s alpha of
0.89 and composite reliability of 0.90. Measurement invariance was established at scalar
level across both age groups and gender, permitting meaningful score comparisons across
demographic subgroups. These findings confirm GAD-7 suitability as a reliable anxiety
screening instrument in coronary heart disease populations [214].

The Whooley questionnaire is a rapid, two-item yes/no depression screen that can be
embedded into routine cardiology encounters because it is simple to administer and score.
It asks whether, in the past month, patients have often been bothered by low mood and/or
loss of interest/pleasure; any “yes” is considered a positive screen and should trigger
follow-up diagnostic assessment and a defined care pathway. It is recommended by the
National Institute for Health and Care Excellence for use in several clinical populations (e.g.,
chronic physical illness, prior depression, and perinatal care), supporting its pragmatic role
as a first-step screen. Evidence from cardiovascular cohorts shows depressive symptoms
predict adverse outcomes, reinforcing the value of systematic detection and linkage to
intervention [80,215].

A diagnostic meta-analysis of ten studies established that the two-item Whooley
questions, enquiring about depressed mood and anhedonia over the preceding month,
demonstrated pooled sensitivity of 0.95 (95% CI: 0.88-0.97) and pooled specificity of 0.65
(95% CI: 0.56-0.74), with low between-study heterogeneity (I> = 24.1%). The strongly
negative likelihood ratio of 0.07 confirms their utility as a rule-out instrument: patients
responding negatively to both items are highly unlikely to meet diagnostic criteria for major
depressive disorder. However, modest specificity implies that a substantial proportion
of positive screens will not fulfil diagnostic criteria, necessitating confirmatory clinical
assessment following any positive result [216].

In high-throughput ACS units, the Whooley questions may serve as an initial rule-out
step, followed by PHQ-9 administration in patients screening positive, thereby combining
feasibility with improved specificity.

The Beck Depression Inventory-II (BDI-II) has been validated most extensively in
post-ACS populations. A meta-analysis of four studies (1 = 1576 post-ACS patients) esti-
mated BDI-II sensitivity at 90% and specificity at 80% for major depressive disorder during
hospitalization, confirming that depression screening can be performed with reasonable ac-
curacy in this acute setting [217]. For anxiety, no single instrument has achieved consensus
endorsement in ACS-specific guidelines.

However, diagnostic accuracy considerations are essential when selecting depression
screening tools in post-ACS populations. Six observational studies (1 = 1755) evaluated
four instruments—BDI-II, GDS, HADS, and PHQ—predominantly in inpatient settings
with low major depressive disorder prevalence. Across tools, sensitivity and specificity
were generally acceptable, but positive predictive values were low, reinforcing the need for
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confirmatory clinical assessment after a positive screen. The BDI-II demonstrated sensitivity
of 90% and specificity of 80%, with the most supporting data but longer administration
time (5-10 min). HADS showed similar performance (sensitivity ~82%, specificity ~79%).
PHQ-2 and PHQ-9 exhibited high sensitivity (~96%) but lower specificity (~71-72%). The
GDS showed sensitivity of 100% and specificity of 83%, indicating slightly higher specificity
than BDI-II in older adults [218].

5.3.2. Diagnostic Challenges at the ACS-Mental Health Interface

Panic attacks, core features of panic disorder, can present with prominent cardiopul-
monary symptoms (e.g., chest pain, palpitations, and dyspnea/breathlessness) [219].

Panic attacks can closely replicate ACS symptoms—chest tightness/discomfort, palpi-
tations, dyspnea, diaphoresis, nausea/vomiting—making the two clinically indistinguish-
able without objective testing. The first panic attack is often spontaneous (DSM-IV-TR),
further blurring bedside differentiation. Both conditions share a downstream pathway
of sympathetic activation, producing similar autonomic and cardiopulmonary features.
Because ACS cannot be excluded by history alone, evaluation should rely on ECG and
cardiac biomarkers (troponin I preferred; CK-MB supportive), as panic attacks do not
explain ischemic ECG changes or enzyme elevation; a normal ECG, however, does not rule
out ACS [220].

A particularly challenging domain within this overlap is the evaluation of palpita-
tions. In the differential diagnosis between medical events and panic attacks, palpitations
represent a major overlap, as they may reflect true arrhythmias or benign cardiac sensa-
tions. Guidelines require physical examination, ECG, and detailed history for all patients
with palpitations, since symptom perception alone is unreliable. Many individuals with
confirmed arrhythmias are minimally symptomatic, whereas panic patients frequently
report irregular heart rhythms without objective ECG abnormalities. Benign palpitations
are strongly associated with psychiatric morbidity, including panic disorder, and interocep-
tive bias may amplify cardiac symptom reporting, complicating distinction from genuine
cardiac pathology [221].

Clinically, this diagnostic convergence has measurable consequences. It has been
observed that >20% of individuals seeking emergency cardiac evaluation may ultimately
have panic disorder rather than an acute cardiac condition, often after negative cardiac
testing. Thus, while premature reassurance risks overlooking ACS, premature psychiatric
attribution may delay recognition of true ischemia, underscoring the need for structured,
biomarker-supported assessment pathways [219].

Diagnostic overshadowing refers to the misattribution of physical symptoms to a pre-
existing mental illness, resulting in underdiagnosis and inadequate treatment of somatic
disease. It is driven by provider bias, stigma, anchoring, premature closure, and chart
“flagging,” which predispose clinicians to interpret new complaints through a psychiatric
lens. Patients may also internalize doubt about the legitimacy of their symptoms. Conse-
quences include delayed investigation, worsening physical illness, reduced care-seeking,
and potentially death. Recognition of this bias is essential to prevent compromised care
and excess mortality among individuals with mental illness [222].

Moreover, this bias has measurable implications in acute cardiovascular care. In a
retrospective emergency department cohort analysis (2009-2017), 1.3% of acute myocardial
infarctions hospitalizations were preceded by a treat-and-release emergency department visit
for nonspecific chest pain or dyspnea within the prior 30 days, classified as a probable “missed
acute myocardial infarctions.” In this retrospective analysis, a history of MHD was associated
with higher odds of missed acute myocardial infarctions (OR 1.48, 95% CI 1.23-1.77), with
the highest risk in patients with co-occurring mental health and substance use disorders (OR
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1.90, 95% CI 1.30-2.76). Substance use disorders alone were not significantly associated with
missed the myocardial infarctions [223].

Beyond missed diagnoses, treatment disparities further support the presence of diag-
nostic overshadowing. Patients with mental illness and ischemic heart disease are less likely
to receive revascularization, and those with comorbid diabetes are less often hospitalized
for complications. This pattern appears mainly in individuals with non-psychotic disorders,
while patients with psychosis do not show the same reduced admission rates [224].

In post-acute myocardial infarction (AMI) patients, common post-AMI symptoms (e.g.,
fatigue, reduced energy, and sleep and appetite disturbances) may be misclassified as depres-
sive somatic symptoms, particularly when assessed using self-report instruments such as
the BDI-II. In a study comparing post-AMI inpatients with matched psychiatric outpatients
and students, somatic items (BDI-II items 15-21) accounted for a substantial proportion of
total scores, especially at low overall depression levels (=~70% when BDI-II <4). However,
post-AMI patients did not demonstrate clinically meaningful inflation of somatic scores com-
pared with psychiatric outpatients matched on cognitive/affective symptoms and scored
only approximately one point higher than matched students. These findings suggest mini-
mal systematic overestimation, although a degree of residual somatic variance likely reflects
illness-related symptom burden rather than depressive psychopathology [225].

Clinically, this overlap is important because somatic depressive symptoms may also re-
flect underlying cardiac status and prognosis. In ACS patients, somatic/affective symptoms
(e.g., fatigue, insomnia, appetite or weight change, and functional impairment) overlap
substantially with manifestations of acute cardiac illness, thereby increasing the risk of
diagnostic misattribution. In a prospective cohort (n = 913; analyzed n = 874), only the
somatic/affective dimension of depressive symptoms was associated with higher disease
severity (Killip class: OR 1.49, 95% CI 1.23-1.81), whereas cognitive/affective symptoms
were not. During 12-month follow-up (51 deaths), somatic/affective symptoms indepen-
dently predicted all-cause mortality after adjustment (OR 1.92, 95% CI 1.36-2.71), while
cognitive/affective symptoms showed no significant association. The authors emphasized
that it remains uncertain whether these somatic symptoms represent depression per se or
the physiological burden of ACS [226].

Changes in somatic symptoms following MI also appear prognostically relevant, further
underscoring the clinical implications of attributing such symptoms solely to depression.
In the ENRICHD secondary analysis, depressed post-MI patients (1 = 1254) were assessed
with the BDI at baseline and 6 months and followed for recurrent MI or all-cause mortality
over approximately 2.4 years. Improvement in somatic symptoms was associated with better
event-free survival (per 1-point improvement: HR 0.95, 95% CI 0.92-0.98), whereas change in
cognitive symptoms was not (HR 0.98, 95% CI 0.96-1.01). After adjustment for demographic
and clinical covariates, this association remained significant only in the CBT intervention arm
(HR 0.93, 95% CI 0.88-0.98). These findings suggest that the trajectory of somatic symptoms
carries independent prognostic information and should not be conceptualized as exclusively
psychological in origin [227].

At the population level, longitudinal data from two large aging cohorts (HRS and ELSA;
n =17,787) demonstrated that depressive symptom trajectories over 8 years were associated
with incident heart disease during 10-year follow-up. Persistently high (HR 1.64), increasing
(HR 1.483), and fluctuating (HR 1.13) symptom patterns were linked to elevated cardiac
risk, whereas decreasing symptoms were not. Notably, somatic depressive symptoms (e.g.,
fatigue, sleep disturbance, and low energy) exhibited stronger associations (persistently high
HR 1.93) than cognitive-affective symptoms. Collectively, these findings indicate that somatic
depressive features may both overlap with and signal underlying cardiovascular vulnerability,
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thereby creating a clinically significant risk of misattributing cardiac-related symptoms to
primary depressive pathology [228].

Women with ACS present differently and experience worse outcomes than men, cre-
ating important diagnostic challenge. They are, on average, older at presentation, have a
higher burden of comorbidities (e.g., diabetes, hypertension, and heart failure), and more
frequently present with NSTE-ACS, NSTEMI, or MINOCA rather than STEMI. Women
commonly report atypical symptoms such as dyspnea, fatigue, nausea, or back/neck pain,
contributing to delayed recognition and treatment. Across multiple studies, women, partic-
ularly younger women, have higher in-hospital and 30-day mortality, more complications,
and lower use of invasive procedures and guideline-based therapies. Psychosocial factors,
including higher rates of depression and anxiety, further compound disparities in diagnosis,
management, and recovery [229].

In the VIRGO study of young AMI patients (age 18-55; 2009 women and 976 men),
chest pain/discomfort was the predominant symptom in both sexes (87.0% of women vs.
89.5% of men). However, women more often reported >3 additional non-chest symptoms
(61.9% vs. 54.8%), such as epigastric complaints, palpitations, dyspnea, and jaw /neck/arm or
interscapular pain. In adjusted analyses, women with STEMI were more likely than men to
present without chest pain (OR 1.51, 95% CI 1.03-2.22). Women were more likely to attribute
symptoms to stress/anxiety (20.9% vs. 11.8%) and presented later (median 3.2 vs. 2.4 h).
Depressive symptoms (PHQ-9 > 10) were more common in women (39.1% vs. 22.5%), and
among those who sought care for similar symptoms before hospitalization, providers were
more likely to dismiss a cardiac cause in women (53.4% vs. 36.7%) [230].

5.3.3. Integration into Cardiology Workflow

Although both the American Heart Association and the U.S. Preventive Services
Task Force formally support depression screening in cardiovascular populations, a com-
prehensive review of 65 cardiovascular clinical practice guidelines demonstrated limited
incorporation of these recommendations into formal guidance documents. Only 37% of
guidelines included explicit recommendations for depression screening, 34% addressed
treatment strategies, and just 23% provided guidance on both screening and management.
These findings underscore a substantial disconnect between high-level policy recommenda-
tions and their translation into detailed, operational clinical directives [231]. Accordingly,
successful implementation requires embedding screening into predefined cardiology work-
flows rather than relying on discretionary provider-initiated assessment.

Translating screening recommendations into routine clinical practice within cardiol-
ogy units requires deliberate structural adaptation of the care pathway rather than ad hoc
provider-initiated assessment. Integration into electronic health records, through auto-
mated prompts at designated timepoints, conditional expansion from PHQ-2 to PHQ-9
when indicated, and clinical decision support alerts for positive screens, is a central strategy
for achieving consistent, reproducible screening compliance [231,232].

In a single-center quality improvement depression screening protocol embedded in
an AMI care pathway and administered by nursing staff, 26.8% of eligible patients were
not screened. Concordance for positive screens between routine clinical screening and
concurrent registry assessments was 35.6% for PHQ-2 and 61.5% for PHQ-9. Provider feed-
back suggested that simplifying the process and providing ongoing education/feedback
could improve implementation [233]. These findings illustrate that screening accuracy and
workflow simplicity are interdependent determinants of real-world compliance.

To facilitate integration into routine inpatient cardiac-unit workflow, the screening
strategy leveraged an existing nursing admission data element as its initial step. Specif-
ically, an iterative three-stage process was implemented in hospitalized cardiac patients:
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(1) a 4-item nurse-administered “Coping Screen” embedded in routine admission assess-
ments; (2) for patients endorsing >1 Coping Screen item, a secondary 5-item screen admin-
istered by the study social work care manager that comprised the PHQ-2, the GAD-2, and a
panic-attack question; and (3) for those with a positive 5-item screen, a diagnostic evaluation
using the PHQ-9 and the PRIME-MD anxiety disorder modules to determine clinical de-
pression, generalized anxiety disorder, or panic disorder. This approach demonstrated the
feasibility of identifying both depression and anxiety disorders in an inpatient cardiology
setting, with generalized anxiety disorder occurring at a prevalence similar to depression
and with the GAD-2 functioning as an effective screening tool in this cohort [234].

5.3.4. Proposed Post-ACS Screening Algorithm

Based on the evidence reviewed, a structured stepwise algorithm for post-ACS mental
health screening is proposed, integrating validated instruments for depression and anxiety,
diagnostic confirmation criteria, and a treatment pathway within a collaborative care frame-
work, as illustrated in Figure 5 [217,234,235]. However, mental health screening after ACS
should be implemented only in clinical settings where robust systems are in place to ensure
accurate diagnosis, evidence-based treatment, and structured longitudinal follow-up.

5.4. Cardiac Rehabilitation

Cardiac rehabilitation (CR) is designed to facilitate sustained functional recovery
following major cardiovascular events, including ACS, and therefore constitutes a strategic
platform for incorporating secondary prevention of adverse mental health outcomes. From
this perspective, comprehensive CR models that integrate patient education, structured
physical training, and psychosocial counseling have been shown to yield meaningful
reductions in post-ACS depressive and anxiety symptoms, particularly among individuals
presenting with elevated baseline psychological distress and demonstrating adequate
program adherence [236,237].

Multimodal exercise-centered CR programs implemented after ACS combine aerobic
conditioning, resistance modalities, and structured educational components and have
repeatedly demonstrated favorable effects on cognitive performance, thereby reinforc-
ing secondary prevention strategies and long-term engagement with care. Interventions
encompass stretching routines, home-based or remotely supervised training, virtual reality-
supported exercise, promotion of activities of daily living, breathing techniques, and sport-
oriented therapy. Educational curricula typically focus on nutrition, smoking cessation,
regular physical activity, stress reduction, medication adherence, management of coronary
risk factors, and overall disease self-management, with some protocols also embedding
psychological counseling and dietary guidance. In selected randomized trials, aerobic and
resistance workloads were prescribed at approximately 65-70% of heart rate reserve. Col-
lectively, these programs exert broad benefits across cognitive domains, cardiopulmonary
performance, functional capacity, psychological well-being, and health-related quality of
life in individuals recovering from ACS [238].

Mobile health platforms provide a practical and scalable avenue for delivering CR fol-
lowing hospital discharge. This concept was validated in the SMART-REHAB study, which
demonstrated the feasibility and clinical utility of a smartphone-based early rehabilitation
program for individuals recovering from ACS [239].

Contemporary American Academy of Family Physicians recommendations underscore
the importance of coordinated strategies that address the two-way interaction between
ACS and psychiatric morbidity. Systematic screening for depressive symptoms is advised
within the first three months following an ACS episode, using standardized and validated
instruments, with subsequent diagnostic confirmation when indicated, despite the underly-
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ing evidence being of low certainty. When depression is established in the post-ACS setting,
the AAFP strongly supports initiation of antidepressant pharmacotherapy, preferably with
SSRIs or SNRIs, and/or structured psychotherapeutic interventions such as CBT, based on
moderate-quality evidence. Agents from the SSRI class are generally preferred to TCAs
because of their more favorable cardiovascular safety profile. Models incorporating collab-
orative care and stepwise treatment escalation, integrating medication, psychotherapy, and
organized follow-up, yield superior improvement in depressive symptoms compared with
routine care alone. While robust reductions in major cardiovascular events have not been
consistently demonstrated, effective management of depression is associated with better
quality of life, greater treatment adherence, and enhanced functional recovery, justifying
close integration with CR programs and multidisciplinary cardiovascular services [218].

Post-ACS Adult Patient | Screening: at hospitalization and at regular intervals

post-Mi (focus 53 months)

STEP 1 — INITIAL SCREENING (COMBINED)
PHQ-4 = PHQ-2 (depression) + GAD-2 (anxiety) | Alternatives: BDI-I, PHQ-9/10, HADS, GDS
High NPV _. useful to rule out | Low PPV - positives require confirmation

v I

( NEGATIVE POSITIVE (either)
Standard Care A Not diagnostic — proceed to extended
Re-screen at regular intervals evaluation

(annually or sooner if new stressors /clinical change

B!

.
STEP 2A STEP 28
PHQ-9 GAD-7 or PRIME-MD
=5/9 symptoms incl. GAD module
depressed mood or Duration criterion: =6
anhedonia months
for >% days / 2 weeks (to distinguish from
normative iliness-related
Confirm: anxiety)
clinicalistructured eval
Exclude: mania, other Panic Disorder: low yield
psychiatric Dx, g
medical causes, screen only if clinically
atrogenic suspected
(PRIME-MD PD module)
- l '
® Suicidality? (PHQ-9 item 9 positive)
- Immediate psychiatric evaluation
% .
i i no swicidal ideabion

!

STEP 3 — CONFIRMED DIAGNOSIS - TREATMENT
« SSRis [first line) % CBT (£ antidepressant)

L Exercise

= Collaborative/Enhance care model

!

Step 4 — Monitoring + Stepped Care
Periodic reassessment - Measurement-based care -
Escalate if no response

Figure 5. Structured algorithm for post-ACS mental health screening for depression and anxiety,
incorporating initial combined screening, extended diagnostic evaluation, suicidality triage, and
treatment with structured follow-up.
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Embedding structured psychological therapies into multidisciplinary CR, together
with lifestyle optimization and standard medical care, yields measurable benefits across
the psychiatric disorder-CVD continuum. Among patients with ACS, HF, and those recov-
ering from cardiac surgery, three modalities—group-based psychoeducation, progressive
muscle relaxation using Jacobson’s method combined with imaginative stabilization, and
individualized counseling—produce significant reductions in anxiety and depressive symp-
toms. These interventions also enhance patients’ perceptions and understanding of their
illness, with improvements evident at program completion and maintained at three-month
follow-up [240].

5.5. Clinical Evidence on MHD-ACS Axis

The exploration of the clinical relevance of the MHD-ACS bidirectional axis must be
supported by continuous research, particularly through well-designed clinical trials. A
growing number of interventional and observational studies across various phases and
designs underline the need to clarify whether targeted treatment of mental health disor-
ders after ACS improves cardiovascular outcomes and whether cardiovascular-focused
interventions influence psychiatric trajectories. This relevance is reflected by multiple trials
registered in the ClinicalTrials.gov database evaluating pharmacological, psychotherapeu-
tic, exercise-based, and collaborative care strategies in patients with ACS and comorbid
mental health disorders. Therefore, a structured search was performed in the ClinicalTri-
als.gov database using “Acute Coronary Syndrome” in the Condition/disease field and
“Mental Health” in the Other terms field, without specifying intervention type or geo-
graphic location. No restrictions were applied regarding study status in order to capture
ongoing, completed, and terminated trials relevant to the ACS—mental health axis. The
search strategy identified a total of 51 studies, of which 11 reported available results and
were therefore selected for further evaluation. Table 3 presents a standardized framework
for reporting clinical trials investigating the ACS-MH axis [241].

Table 3. Clinical trials investigating the MHD-ACS axis.

Database ID Official Title Description Key Outcomes
Randomized, single-blind,
parallel-group pilot RCT in ACS PP + MI was feasible, well accepted,
Positive Psychology for Acute ephone.delered bebavioral  in physicl actiiy poste affect,
NCT03122184 Coronary Syndrome Patients relephone . - Py Y P .
intervention comparing positive optimism, and overall mental
(PEACE-IV) A . -
psychology + motivational well-being than motivational
interviewing versus motivational interviewing health education
interviewing health education
Open-label, single-arm Positive psychology exercises were
-, proof-of-concept interventional study  feasible, easy to complete, increased
Positive Psychology to Improve assessing feasibility, ease, and optimism and positive affect, and
NCT02004158 Healthy Behaviors After an Acute g feasibility, S P P 7
psychological impact of a positive reduced anxiety /depressive
Coronary Syndrome (PEACE 1II) . - .
psychology program using self-report ~ symptoms, supporting potential as
and clinician-rated scales adjunctive therapy after ACS
Randomized, single-blind, Stepped-care produced greater
. . parallel-group interventional trial reduction in depressive symptoms
Comparison of Depression . - IS
. comparing stepped-care depression than referred care, with similar
NCT01032018 Interventions After Acute Coronary e
management versus referred /usual healthcare utilization and no safety
Syndrome (CODIACS) . . : .
care in post-ACS patients, using concerns, supporting stepped-care for
BDI-based mixed-model analyses post-ACS depression
Large multicenter randomized, . . . .
. . . . . Depression screening with or without
Comparison of Depression single-blind, parallel-group screening d did
Identification After Acute Coronary trial comparing AHA screen-and-treat, stepped-care treatment did not
NCT01993017 ’  improve quality-adjusted life years,

Syndrome: Quality of Life and Cost
Outcomes (CODIACSQoL)

screen-and-notify, and no-screen
strategies; outcomes analyzed using
ANOVA and superiority testing

depression-free days, or costs versus
no screening in post-ACS patients
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Table 3. Cont.

Database ID Official Title Description Key Outcomes
Open-label, randomized, CBT b we}l—bgmg therapy * l.1festyle
. : . modification improved clinician-rated
parallel-group interventional trial in depressive symptom severity versus
Treatment of Depression in Acute post-ACS patients with DSM-IV clir}:ical mandefnent' hostiliZy
NCT00998400 Coronary Syndrome (ACS) Patients gzgg:;};eagzsgfze rvsvzglfl/or DCPR symptoms also improved; no
(TREATED-ACS) . y consistent between-group benefits
psychotherapy sessions; across anxiety, self-reported
repeated-measures ANOVA with ITT . Y, setrep
X . . depression/somatization, or
and multiple imputation . . .
well-being dimensions
Randomized, double-blind,
placebo-controlled phase 4 No efficacy or safety outcomes
Eszopiclone and Inflammatory interventional trial; parallel available: Ztu d terfninate d without
NCT00822679 Mediators in Patients with Acute assignment; planned biomarker and d / Y ..
. ata because no participants were
Coronary Syndrome sleep outcome analysis, but no .
S . successfully randomized or analyzed
statistical analysis performed due to
zero randomized participants
Pilot randomized, open -label, THCR demonstrated high feasibility
parallel-group feasibility RCT and strong session adherence
Telehealth-enhanced Hybrid Cardiac comparing telehealth-enhanced universalg rogram initiation i,n both
e Y hybrid cardiac rehabilitation versus progra
NCT05328375 Rehabilitation Among Acute i R ey arms, and meaningful pre—post
. traditional cardiac rehabilitation; X R g .
Coronary Syndrome Survivors . improvements in functional capacity
descriptive and pre—post . . .
within-group analyses of adherence and quality of life, supporting
. scalability of hybrid CR after ACS
and functional outcomes
Remote MBCT was
feasible/acceptable with high
Interventional; open-label, enrollment/retention and good
single-group pilot session attendance/home practice;
Y (feasibility /acceptability); pre-post fear of recurrence and cardiac anxiety
NCT04983680 ggﬁggjﬂgiﬁd MBCT for self-report surveys + actigraphy; decreased; cognitive decentering
exploratory pre—post change analyses  increased; interoceptive bias and
and inter-correlation of intolerance of uncertainty decreased;
psychological /behavioral outcomes. sleep disturbances slightly improved
and self-reported physical
activity increased
Two-phase interventional pilot: Phase  Intervention generally feasible and
A single-arm open-label combined usable; adherence acceptable; sleep
The SleepWell chronotherapy; Phase B randomized symptoms improved versus baseline,
NCT05299723 Study—Chronotherapeutic parallel pilot vs. sleep hygiene control; ~ with greater improvements in
Intervention to Improve Sleep assessments: combined chronotherapy than sleep
Following ACS feasibility /acceptability /usability hygiene control across insomnia
questionnaires, adherence logs, and severity, sleep quality, and sleep
pre—post sleep questionnaires duration
Pilot randomized parallel trial
Early Psychological Intervention to comparing written exposure therapy =~ Written exposure therapy feasible and
Prevent Cardiovascular versus usual care; blinded assessor well accepted; PTSD and depressive
NCTO03605693 Event-Induced PTSD (REACH PTSD evaluation; feasibility, symptoms comparable or lower than
Sub-study) adherence, depression, and usual care; no clear medication
Y medication adherence self-report adherence difference observed
measures
Pilot randomized parallel trial Usual care showed greater
Vet-Harts Pilot Intervention for evaluating a telehealth motivational improvements in physical, emotional,
. interviewing nursing intervention and role functioning; motivational
NCT01566214 Veterans with Coronary Heart & & &

Disease (VHPI)

versus usual care, using
patient-reported quality-of-life and
angina questionnaires

interviewing showed modest benefits
mainly in disease perception and
angina stability.

PP, positive psychology; MI, motivational interviewing; ACS, acute coronary syndrome; CBT, cognitive behavioral
therapy; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, fourth edition; DCPR, Diagnostic Criteria
for Psychosomatic Research; ANOVA, analysis of variance; ITT, intention to treat; CR, cardiac rehabilitation;
THCR, telehealth-enhanced hybrid cardiac rehabilitation; RCT, randomized controlled trial; MBCT, mindfulness-
based cognitive therapy; PTSD, post-traumatic stress disorder.

5.6. Clinical Translation Through Risk Prediction Models

Despite accumulating evidence that psychiatric comorbidities, particularly depression
and anxiety, independently predict adverse outcomes following ACS, none of the currently
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employed acute cardiovascular risk stratification tools, including GRACE [242], TIMI, and
HEART [243], incorporate mental health variables.

Relevant methodological precedents do exist at the interface of psychiatry and cardio-
vascular risk modeling. The QRISK3 algorithm, developed and validated by Hippisley-Cox
et al. in a prospective open cohort of over 7.89 million patients, was the first major car-
diovascular risk prediction tool to formally incorporate severe mental illness and atypical
antipsychotic use as independent predictors of 10-year cardiovascular risk, demonstrating
improved reclassification performance over its predecessor. This establishes proof of con-
cept that psychiatric variables can meaningfully augment cardiovascular risk algorithms
without compromising discriminatory accuracy [244].

However, the most recent iteration of this algorithmic lineage, QR4, derived and
externally validated across 16.77 million adults, identified seven novel risk factor categories
including chronic obstructive pulmonary disease, learning disability, and multiple cancer
types, yet did not extend this framework to incorporate additional MHDs variables beyond
those present in QRISK3. This highlights that the systematic integration of MHD-related
predictors into cardiovascular risk algorithms remains an unresolved challenge, even within
contemporary modeling efforts [245].

Nevertheless, no validated prognostic score specifically designed for the acute ACS
setting, the context in which cardiologists and emergency physicians make time-sensitive
triage and treatment decisions, integrates psychiatric variables. This represents a clinically
meaningful translational gap. Prospective development and validation of augmented
ACS risk prediction models that incorporate standardized psychiatric assessments con-
stitute a high-priority research direction, with direct implications for post-discharge risk
stratification, follow-up intensity, and multidisciplinary care pathways.

5.7. Systems-Level Disparities in ACS Care Among Patients with MHD

Beyond biological and behavioral mechanisms, patients with severe mental illness consis-
tently experience disparities in the delivery of evidence-based cardiovascular care [246,247].

Data from a comparative meta-analysis indicate that individuals with MHDs have
been reported to be less likely to receive timely reperfusion therapy during acute myocardial
infarction, including primary percutaneous coronary intervention. Delays in presentation,
diagnostic overshadowing, and reduced access to specialized cardiac centers have been
proposed as contributing factors [26,248].

Medication adherence represents an additional critical barrier. Cognitive impairment,
negative symptoms, socioeconomic instability, fragmented healthcare access, and polyphar-
macy contribute to lower adherence rates to cardiovascular medications in this population.
Consequently, excess cardiovascular mortality in patients with MHDs likely reflects not
only pathophysiological vulnerability but also structural and systems-level inequities in
care delivery [249,250].

Addressing the MHD-ACS interface therefore requires not only pharmacologic and
psychotherapeutic optimization but also targeted strategies to improve equitable access to
reperfusion therapy, adherence to guideline-directed medical therapy, and continuity of
cardiovascular follow-up.

6. Conclusions and Prospects

MHDs and ACSs constitute a bidirectional continuum characterized by shared in-
flammatory, neuroendocrine, autonomic, and behavioral pathways. Evidence across epi-
demiological, mechanistic, and clinical studies consistently supports this interdependence
across diverse populations and clinical settings. Depression, anxiety, PTSD, and severe
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mental illness significantly worsen cardiovascular prognosis, yet systematic screening and
integrated care remain underutilized despite demonstrated efficacy.

Future research priorities include: (1) randomized trials evaluating whether treat-
ing post-ACS psychiatric disorders reduces major adverse cardiac events and mortality;
(2) inflammatory and genetic biomarkers enabling risk stratification and personalized inter-
vention; (3) implementation studies addressing barriers to routine mental health screening
in cardiology; (4) incorporation of cardio-psychiatric collaboration into clinical guide-
lines and healthcare systems; and (5) novel psychopharmacological and neuromodulatory
therapies for cardio-psychiatric populations. Integrating mental health assessment into
cardiovascular pathways represents an urgent priority for improving outcomes.
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Abbreviations

The following abbreviations are used in this manuscript:

ACS Acute Coronary Syndrome

CAD Coronary Artery Disease

CVD Cardiovascular Disease

ASCVD Atherosclerotic Cardiovascular Disease

MHD Mental Health Disorder

PTSD Post-Traumatic Stress Disorder

MI Myocardial Infarction

NSTEMI Non-ST Segment Elevation Myocardial Infarction
STEMI ST Segment Elevation Myocardial Infarction
NSTE-ACS Non-ST Segment Elevation Acute Coronary Syndrome
MACE Major Adverse Cardiac Event

HF Heart Failure

PCI Percutaneous Coronary Intervention

ECG Electrocardiogram

HPA Hypothalamic-Pituitary—Adrenal (axis)

CRH Corticotropin-Releasing Hormone

AVP Arginine Vasopressin

ACTH Adrenocorticotropic Hormone
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NO Nitric Oxide

CBT Cognitive Behavioral Therapy

SSRI Selective Serotonin Reuptake Inhibitor

SNRI Serotonin—-Norepinephrine Reuptake Inhibitor

TCA Tricyclic Antidepressant

MAOI Monoamine Oxidase Inhibitor

CR Cardiac Rehabilitation

RCT Randomized Controlled Trial

MBCT Mindfulness-Based Cognitive Therapy

DSM-1V Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
ITT Intention to Treat

ADP Adenosine Diphosphate

vWF von Willebrand Factor

BDNF Brain-Derived Neurotrophic Factor

IL Interleukin

TNF-« Tumor Necrosis Factor Alpha

CRP C-Reactive Protein

MR Mendelian Randomization

GWAS Genome-Wide Association Study

CAC Coronary Artery Calcification

HRV Heart Rate Variability

PHQ-9 Patient Health Questionnaire-9

HADS-D Hospital Anxiety and Depression Scale-Depression Subscale
DSM Diagnostic And Statistical Manual of Mental Disorders
GAD-7 Generalized Anxiety Disorder-7

BDI-II Beck Depression Inventory-II

References

1. Kraler, S.; Mueller, C.; Libby, P; Bhatt, D.L. Acute Coronary Syndromes: Mechanisms, Challenges, and New Opportunities. Eur.
Heart J. 2025, 46, 2866—2889. [CrossRef]

2. Byrne, R.A,; Rossello, X.; Coughlan, ].J.; Barbato, E.; Berry, C.; Chieffo, A.; Claeys, M.].; Dan, G.A.; Dweck, M.R.; Galbraith, M.;
et al. 2023 ESC Guidelines for the Management of Acute Coronary Syndromes. Eur. Heart ]. 2023, 44, 3720-3826. [CrossRef]

3. Mejia, PJ.C.; Cassano, P.D.; Morén, P.D.; Redtegui, M.D.; Navarrete, KM.; Cérdova-Mendoza, P. Prevalence of Anxiety and
Depression in Patients with Acute Coronary Syndrome: Systematic Review and Meta-Analysis. Pan Afr. Med. ]. 2023, 46, 91.
[CrossRef]

4. Ruff, C.T.; Braunwald, E. The Evolving Epidemiology of Acute Coronary Syndromes. Nat. Rev. Cardiol. 2011, 8, 140-147.
[CrossRef]

5. Tong, D.C.; Wilson, A.M.; Layland, J. Novel Risk Factors for Acute Coronary Syndromes and Emerging Therapies. Int. ]. Cardiol.
2016, 220, 815-824. [CrossRef]

6.  Nedkoff, L.; Greenland, M.; Hyun, K.; Htun, ].P; Redfern, J.; Stiles, S.; Sanfilippo, F.; Briffa, T.; Chew, D.P.; Brieger, D. Sex- and
Age-Specific Differences in Risk Profiles and Early Outcomes in Adults with Acute Coronary Syndromes. Heart Lung Circ. 2024,
33, 332-341. [CrossRef]

7.  Perona, M.; Cooklin, A.; Thorpe, C.; O’'Meara, P.; Rahman, M.A. Symptomology, Outcomes and Risk Factors of Acute Coronary
Syndrome Presentations Without Cardiac Chest Pain: A Scoping Review. Eur. Cardiol. 2024, 19, e12. [CrossRef]

8. Tegg, A,; Curtis, J.; O’Brien, T.; Burgess, P; Biles, B.; McMillan, F.; Sara, G. Cardiovascular and All-Cause Mortality Following
Acute Coronary Syndromes in Mental Health Service Users. Gen. Hosp. Psychiatry 2025, 97, 246-252. [CrossRef]

9.  GBD 2019 Mental Disorders Collaborators. Global, Regional, and National Burden of 12 Mental Disorders in 204 Countries and
Territories, 1990-2019: A Systematic Analysis for the Global Burden of Disease Study 2019. Lancet Psychiatry 2022, 9, 137-150.
[CrossRef]

10. World Health Organization. Mental Disorders. Available online: https:/ /www.who.int/news-room/fact-sheets/detail /mental-
disorders (accessed on 1 February 2026).

11. Parlati, A.L.M.; Nardi, E.; Basile, C.; Paolillo, S.; Marzano, E.; Chirico, A.; Buonocore, D.; Colella, A.; Fontanarosa, S.; Gallo, L.;

et al. Cardiovascular Disease and Psychiatric Disorders: An-up-to Date Review. ]. Public Health Res. 2024, 13, 22799036241278816.
[CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.1093/eurheartj/ehaf289
https://doi.org/10.1093/eurheartj/ehad191
https://doi.org/10.11604/pamj.2023.46.91.41792
https://doi.org/10.1038/nrcardio.2010.199
https://doi.org/10.1016/j.ijcard.2016.06.148
https://doi.org/10.1016/j.hlc.2023.11.016
https://doi.org/10.15420/ecr.2023.45
https://doi.org/10.1016/j.genhosppsych.2025.11.001
https://doi.org/10.1016/S2215-0366(21)00395-3
https://www.who.int/news-room/fact-sheets/detail/mental-disorders
https://www.who.int/news-room/fact-sheets/detail/mental-disorders
https://doi.org/10.1177/22799036241278817
https://doi.org/10.3390/medsci14010138

Med. Sci. 2026, 14, 138 46 of 56

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

World Health Organization. Post-Traumatic Stress Disorder. Available online: https://www.who.int/news-room/fact-
sheets/detail /post-traumatic-stress-disorder (accessed on 1 February 2026).

Visseren, EL.J.; Mach, E; Smulders, Y.M.; Carballo, D.; Koskinas, K.C.; Back, M.; Benetos, A.; Biffi, A.; Boavida, ].-M.; Capodanno,
D.; et al. 2021 ESC Guidelines on Cardiovascular Disease Prevention in Clinical Practice. Eur. Heart J. 2021, 42, 3227-3337.
Apostolos, A.; Konstantinou, K.; Ktenopoulos, N.; Vlachakis, PK.; Skalidis, I.; Chrysostomidis, G.; Panoulas, V.; Tsioufis, K.
Depression and Coronary Artery Disease—Where We Stand? |. Clin. Med. 2025, 14, 4281. [CrossRef]

Chowdhury, M.D.; Tun-Nessa Malik, F; Uddin, K.; Ahmed, N.; Badiuzzaman, M.; Nesaruddin, M.LR.; Banik, D.; Dutta, A;
Shahriar Hug, T.; Habibur Rahman, M.D. Comparison of GRACE and TIMI Risk Scores in the Prediction of in Hospital Outcome
among NSTEMI Patients: A Single Centre Study. Eur. Heart ]. 2024, 45, ehae666.1483. [CrossRef]

Liuzzo, G.; Volpe, M. Weekly Journal Scan: GRACE 3.0 Redefines Cardiovascular Risk Assessment and Individualized Care in
Non-ST-Elevation Acute Coronary Syndromes Through Machine Learning. Eur. Heart ]. 2025, ehaf1016. [CrossRef]

SCORE2 working group and ESC Cardiovascular risk collaboration. SCORE2 Risk Prediction Algorithms: New Models to
Estimate 10-Year Risk of Cardiovascular Disease in Europe. Eur. Heart ]. 2021, 42, 2439-2454. [CrossRef]

Vaccarino, V.; Badimon, L.; Bremner, J.D.; Cenko, E.; Cubedo, J.; Dorobantu, M.; Duncker, D.].; Koller, A.; Manfrini, O.; Milicic, D.;
et al. Depression and Coronary Heart Disease: 2018 Position Paper of the ESC Working Group on Coronary Pathophysiology and
Microcirculation. Eur. Heart J. 2020, 41, 1687-1696. [CrossRef]

Lichtman, J.H.; Froelicher, E.S.; Blumenthal, J.A.; Carney, R.M.; Doering, L.V.; Frasure-Smith, N.; Freedland, K.E.; Jaffe, A.S.;
Leifheit-Limson, E.C.; Sheps, D.S.; et al. Depression as a Risk Factor for Poor Prognosis among Patients with Acute Coronary
Syndrome: Systematic Review and Recommendations: A Scientific Statement from the American Heart Association. Circulation
2014, 129, 1350-1369. [CrossRef]

Carney, R.M.; Freedland, K.E. Depression and Coronary Heart Disease. Nat. Rev. Cardiol. 2016, 14, 145-155. [CrossRef]

Tully, PJ.; Winefield, H.R.; Baker, R.A.; Denollet, J.; Pedersen, S.S.; Wittert, G.A.; Turnbull, D.A. Depression, Anxiety and Major
Adverse Cardiovascular and Cerebrovascular Events in Patients Following Coronary Artery Bypass Graft Surgery: A Five Year
Longitudinal Cohort Study. Biopsychosoc. Med. 2015, 9, 14. [CrossRef]

Tam To, B.; Roy, R.; Melikian, N.; Gaughran, F.P.; O’Gallagher, K. Coronary Artery Disease in Patients with Severe Mental Illness.
Interv. Cardiol. 2023, 18, e16. [CrossRef]

Schulman-Marcus, J.; Goyal, P.; Swaminathan, R.V,; Feldman, D.N.; Wong, S.-C.; Singh, H.S.; Minutello, R.M.; Bergman, G.; Kim,
L.K. Comparison of Trends in Incidence, Revascularization, and In-Hospital Mortality in ST-Elevation Myocardial Infarction in
Patients with Versus Without Severe Mental Illness. Am. J. Cardiol. 2016, 117, 1405-1410. [CrossRef]

Attar, R.; Wester, A.; Koul, S.; Eggert, S.; Polewiartek, C.; Jernberg, T.; Erlinge, D.; Andell, P. Higher Risk of Major Adverse Cardiac
Events after Acute Myocardial Infarction in Patients with Schizophrenia. Open Heart 2020, 7, €001286. [CrossRef]

Jakobsen, L.; Terkelsen, C.J.; Christiansen, E.H.; Maeng, M.; Jensen, L.O.; Veien, K.; Raungaard, B.; Jensen, S.E.; Mehnert, E;
Johnsen, S.P. Severe Mental Illness and Clinical Outcome After Primary Percutaneous Coronary Intervention. Am. . Cardiol. 2017,
120, 550-555. [CrossRef]

Mitchell, A.].; Lawrence, D. Revascularisation and Mortality Rates Following Acute Coronary Syndromes in People with Severe
Mental Illness: Comparative Meta-Analysis. Br. . Psychiatry 2011, 198, 434—441. [CrossRef]

Chan, ] K.N.; Chu, R.S.T,; Hung, C.; Law, ].W.Y.; Wong, C.5.M.; Chang, W.C. Mortality, Revascularization, and Cardioprotective
Pharmacotherapy After Acute Coronary Syndrome in Patients with Severe Mental Illness: A Systematic Review and Meta-
Analysis. Schizophr. Bull. 2022, 48, 981-998. [CrossRef]

Shao, M.; Tian, H.; Wang, L.; Jiang, D.; Ji, E; Zhuo, C. Mortality Risk Following Acute Coronary Syndrome among Patients with
Schizophrenia: A Meta-Analysis. Prog. Neuropsychopharmacol. Biol. Psychiatry 2020, 96, 109737. [CrossRef]

Gu, Y; Bai, Y;; Ding, L.; Fan, B.; Lu, L.; Wang, D. Global Prevalence of Psychological Distress After Acute Coronary Syndromes: A
Systematic Review and Meta Analysis. Ann. Clin. Case Stud. 2025, 7, 1106.

Akbar, N.; Farooq, K.; Jan, N.; Zahoor, M.; Rather, Y.H.; Bhat, U.R. Prevalence and Pattern of Psychiatric Morbidity in Patients
with First-Episode Acute Coronary Syndrome. Middle East Curr. Psychiatry 2024, 31, 19. [CrossRef]

Shruthi, D.R.; Kumar, S.S.; Desai, N.; Raman, R.; Sathyanarayana Rao, T.S. Psychiatric Comorbidities in Acute Coronary
Syndromes: Six-Month Follow-up Study. Indian ]. Psychiatry 2018, 60, 60-64. [CrossRef]

Shimokhina, N.Y.; Savchenko, A.A.; Petrova, M.M. Peculiarities of Platelet Metabolism in Patients with Acute Coronary
Syndrome with Anxiety-Depressive Disorders and Informativity of Enzymes in the Forecast of Development of Cardiovascular
Complications. Pharmaceuticals 2020, 13, 169. [CrossRef]

Karami, N.; Kazeminia, M.; Karami, A.; Salimi, Y.; Ziapour, A.; Janjani, P. Global Prevalence of Depression, Anxiety, and Stress in
Cardiac Patients: A Systematic Review and Meta-Analysis. J. Affect. Disord. 2023, 324, 175-189. [CrossRef]

Yuan, J.; Ding, R.; Wang, L.; Sheng, L.; Li, ].; Hu, D. Screening for Depression in Acute Coronary Syndrome Patients: A Comparison
of Patient Health Questionnaire-9 versus Hospital Anxiety and Depression Scale-Depression. J. Psychosom. Res. 2019, 121, 24-28.
[CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://www.who.int/news-room/fact-sheets/detail/post-traumatic-stress-disorder
https://www.who.int/news-room/fact-sheets/detail/post-traumatic-stress-disorder
https://doi.org/10.3390/jcm14124281
https://doi.org/10.1093/eurheartj/ehae666.1483
https://doi.org/10.1093/eurheartj/ehaf1016
https://doi.org/10.1093/eurheartj/ehab309
https://doi.org/10.1093/eurheartj/ehy913
https://doi.org/10.1161/CIR.0000000000000019
https://doi.org/10.1038/nrcardio.2016.181
https://doi.org/10.1186/s13030-015-0041-5
https://doi.org/10.15420/icr.2022.31
https://doi.org/10.1016/j.amjcard.2016.02.006
https://doi.org/10.1136/openhrt-2020-001286
https://doi.org/10.1016/j.amjcard.2017.05.021
https://doi.org/10.1192/bjp.bp.109.076950
https://doi.org/10.1093/schbul/sbac070
https://doi.org/10.1016/j.pnpbp.2019.109737
https://doi.org/10.1186/s43045-024-00408-7
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_94_18
https://doi.org/10.3390/ph13080169
https://doi.org/10.1016/j.jad.2022.12.055
https://doi.org/10.1016/j.jpsychores.2019.03.018
https://doi.org/10.3390/medsci14010138

Med. Sci. 2026, 14, 138 47 of 56

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Carney, R M,; Freedland, K.E.; Steinmeyer, B.; Blumenthal, J.A.; de Jonge, P.; Davidson, K.W.; Czajkowski, S.M.; Jaffe, A.S. History
of Depression and Survival after Acute Myocardial Infarction. Psychosom. Med. 2009, 71, 253-259. [CrossRef]

Meijer, A.; Conradi, H.J.; Bos, E.H.; Anselmino, M.; Carney, R.M.; Denollet, ].; Doyle, F.; Freedland, K.E.; Grace, S.L.; Hosseini,
S.H.; et al. Adjusted Prognostic Association of Depression Following Myocardial Infarction with Mortality and Cardiovascular
Events: Individual Patient Data Meta-Analysis. Br. J. Psychiatry 2013, 203, 90-102. [CrossRef]

Meijer, A.; Conradi, H.]J.; Bos, E.H.; Thombs, B.D.; van Melle, J.P.; de Jonge, P. Prognostic Association of Depression Following
Myocardial Infarction with Mortality and Cardiovascular Events: A Meta-Analysis of 25 Years of Research. Gen. Hosp. Psychiatry
2011, 33, 203-216. [CrossRef]

Grace, S.L.; Abbey, S.E.; Kapral, M.K.; Fang, J.; Nolan, R.P,; Stewart, D.E. Effect of Depression on Five-Year Mortality after an
Acute Coronary Syndrome. Am. J. Cardiol. 2005, 96, 1179-1185. [CrossRef]

Dickens, C.; McGowan, L.; Percival, C.; Tomenson, B.; Cotter, L.; Heagerty, A.; Creed, F. New Onset Depression Following
Myocardial Infarction Predicts Cardiac Mortality. Psychosom. Med. 2008, 70, 450-455. [CrossRef]

Meng, R.; Yu, C; Liu, N.; He, M; Lv, ].; Guo, Y,; Bian, Z.; Yang, L.; Chen, Y.; Zhang, X,; et al. Association of Depression with
All-Cause and Cardiovascular Disease Mortality Among Adults in China. JAMA Netw. Open 2020, 3, €1921043. [CrossRef]
Mazza, M.; Biondi-Zoccai, G.; Lisci, EM.; Brisi, C.; Sfratta, G.; Rossi, S.; Traversi, G.; Gaetani, E.; Pola, R.; Morini, S.; et al.
The Brain—-Heart Axis: An Umbrella Review on Impact of Psychiatric Disease on Incidence, Management, and Outlook of
Cardiovascular Disease. Life 2024, 14, 919. [CrossRef]

Cosh, S.M.; Pinto, R.; Denson, L.; Tully, P.J. Understandings and Experiences of Adherence to Secondary Prevention for Patients
with Cardiovascular Disease and Comorbid Depression or Anxiety. Psychol. Health Med. 2023, 28, 1479-1486. [CrossRef]

Bahit, M.C.; Korjian, S.; Daaboul, Y.; Baron, S.; Bhatt, D.L.; Kalayci, A.; Chi, G.; Nara, P; Shaunik, A.; Gibson, C.M. Patient
Adherence to Secondary Prevention Therapies After an Acute Coronary Syndrome: A Scoping Review. Clin. Ther. 2023, 45,
1119-1126. [CrossRef]

Li, J.; Ji, E; Song, J.; Gao, X,; Jiang, D.; Chen, G.; Chen, S.; Lin, X.; Zhuo, C. Anxiety and Clinical Outcomes of Patients with Acute
Coronary Syndrome: A Meta-Analysis. BM] Open 2020, 10, e034135. [CrossRef]

Roest, A.M.; Martens, E.J.; Denollet, J.; de Jonge, P. Prognostic Association of Anxiety Post Myocardial Infarction with Mortality
and New Cardiac Events: A Meta-Analysis. Psychosom. Med. 2010, 72, 563-569. [CrossRef]

Celano, C.M.; Millstein, R.A.; Bedoya, C.A.; Healy, B.C.; Roest, A.M.; Huffman, J.C. Association between Anxiety and Mortality
in Patients with Coronary Artery Disease: A Meta-Analysis. Am. Heart ]. 2015, 170, 1105-1115. [CrossRef]

Huffman, J.C.; Celano, C.M.; Januzzi, J.L. The Relationship between Depression, Anxiety, and Cardiovascular Outcomes in
Patients with Acute Coronary Syndromes. Neuropsychiatr. Dis. Treat. 2010, 6, 123-136. [CrossRef]

Kim, J.-M.; Kim, J.-W,; Kang, H.-].; Kim, S.-W.; Kim, ].-T.; Park, M.-S.; Kim, J.-C.; Ahn, Y.; Jeong, M.H.; Stewart, R. Differential
Effects of Anxiety on Long-Term Outcomes of Acute Coronary Syndrome and Stroke According to Their Disease Severities. J.
Affect. Disord. 2023, 321, 56-58. [CrossRef]

Nicola, M.; Nicola, M.; Zarif, B.; El Ghalid, A.; Abdelrahim, M.E.A ; El Hadidji, S. Prevalence of Anxiety and Depression and the
Influence of Correlates in Acute Coronary Syndrome Patients: A Cross-Sectional Analysis. Future J. Pharm. Sci. 2024, 10, 155.
[CrossRef]

Roest, A.M.; Martens, E.J.; de Jonge, P.; Denollet, ]. Anxiety and Risk of Incident Coronary Heart Disease: A Meta-Analysis. ]. Am.
Coll. Cardiol. 2010, 56, 38—-46. [CrossRef]

Birk, J.; Kronish, I.; Chang, B.; Cornelius, T.; Abdalla, M.; Schwartz, J.; Duer-Hefele, J.; Sullivan, A.; Edmondson, D. The
Impact of Cardiac-Induced Post-Traumatic Stress Disorder Symptoms on Cardiovascular Outcomes: Design and Rationale of the
Prospective Observational Reactions to Acute Care and Hospitalizations (ReACH) Study. Health Psychol. Bull. 2019, 3, 10-20.
[CrossRef]

Edmondson, D.; Cohen, B.E. Posttraumatic Stress Disorder and Cardiovascular Disease. Prog. Cardiovasc. Dis. 2013, 55, 548-556.
[CrossRef]

Edmondson, D.; Richardson, S.; Falzon, L.; Davidson, K.W.; Mills, M.A.; Neria, Y. Posttraumatic Stress Disorder Prevalence and
Risk of Recurrence in Acute Coronary Syndrome Patients: A Meta-Analytic Review. PLoS ONE 2012, 7, e38915. [CrossRef]
Rekik, N.; Bouzid, S.; Abdelhedi, A.; Bouzid, K.; Benamor, M.; Benamira, F,; Karray, R.; Jerbi, M.; Nasri, A.; Chakroun-Walha, O.
Post-Traumatic Symptoms in Patients with Acute Coronary Syndrome: Maybe an Outcome Predictor after the ED Visit! Am. J.
Emerg. Med. 2022, 61, 117-119. [CrossRef]

Sopek Merkas, I.; Lakusi¢, N.; Sonicki, Z.; Koret, B.; Vuk Pisk, S; Filip¢i¢, I. Prevalence of Posttraumatic Stress Disorder Following
Acute Coronary Syndrome and Clinical Characteristics of Patients Referred to Cardiac Rehabilitation. World J. Psychiatry 2023, 13,
376-385. [CrossRef]

Scott, A.W.; Cornelius, T.; Schwartz, ].E.; Fray, N.; Kronish, LM.; Edmondson, D. Posttraumatic Stress Disorder (PTSD) in a
Sample of Patients Evaluated for Acute Coronary Syndrome: A Factor Analysis of the PTSD Checklist for DSM-5 (PCL-5). .
Affect. Disord. 2025, 369, 653-661. [CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.1097/PSY.0b013e31819b69e3
https://doi.org/10.1192/bjp.bp.112.111195
https://doi.org/10.1016/j.genhosppsych.2011.02.007
https://doi.org/10.1016/j.amjcard.2005.06.052
https://doi.org/10.1097/PSY.0b013e31816a74de
https://doi.org/10.1001/jamanetworkopen.2019.21043
https://doi.org/10.3390/life14080919
https://doi.org/10.1080/13548506.2022.2060515
https://doi.org/10.1016/j.clinthera.2023.08.011
https://doi.org/10.1136/bmjopen-2019-034135
https://doi.org/10.1097/PSY.0b013e3181dbff97
https://doi.org/10.1016/j.ahj.2015.09.013
https://doi.org/10.2147/NDT.S6880
https://doi.org/10.1016/j.jad.2022.10.011
https://doi.org/10.1186/s43094-024-00738-7
https://doi.org/10.1016/j.jacc.2010.03.034
https://doi.org/10.5334/hpb.16
https://doi.org/10.1016/j.pcad.2013.03.004
https://doi.org/10.1371/journal.pone.0038915
https://doi.org/10.1016/j.ajem.2022.08.051
https://doi.org/10.5498/wjp.v13.i6.376
https://doi.org/10.1016/j.jad.2024.10.007
https://doi.org/10.3390/medsci14010138

Med. Sci. 2026, 14, 138 48 of 56

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Velligan, D.I; Rao, S. The Epidemiology and Global Burden of Schizophrenia. ]. Clin. Psychiatry 2023, 84, MS21078COMSb.
[CrossRef]

Fleetwood, K.; Wild, S.H.; Smith, D.J.; Mercer, S.W.; Licence, K.; Sudlow, C.L.M.; Jackson, C.A. Association of Severe Mental
Illness with Stroke Outcomes and Process-of-Care Quality Indicators: Nationwide Cohort Study. Br. J. Psychiatry 2022, 221,
394-401. [CrossRef]

Hannoodee, H.; Al Khalili, M.; Theik, N.W.Y,; Raji, O.E.; Shenwai, P; Shah, R.; Kalluri, S.R.; Bhutta, T.H.; Khan, S. The Outcomes
of Acute Coronary Syndrome in Patients Suffering from Schizophrenia: A Systematic Review. Cureus 2021, 13, €16998. [CrossRef]
Attar, R.; Valentin, ].B.; Freeman, P; Andell, P; Aagaard, J.; Jensen, S.E. The Effect of Schizophrenia on Major Adverse Cardiac
Events, Length of Hospital Stay, and Prevalence of Somatic Comorbidities Following Acute Coronary Syndrome. Eur. Heart
J.-Qual. Care Clin. Outcomes 2019, 5, 121-126. [CrossRef]

Shao, M.; Zhuo, C.; Gao, X.; Chen, C.; Xu, Y,; Tian, H.; Li, G.; Jiang, D.; Wang, W. Reduced Rate of Revascularization in
Schizophrenic Patients with Acute Myocardial Infarction: A Systematic Review and Meta-Analysis. Prog. Neuropsychopharmacol.
Biol. Psychiatry 2020, 99, 109870. [CrossRef]

Oliva, V,; Fico, G.; De Prisco, M.; Gonda, X.; Rosa, A.R.; Vieta, E. Bipolar Disorders: An Update on Critical Aspects. Lancet Reg.
Health Eur. 2025, 48, 101135. [CrossRef]

Attar, R.; Valentin, J.B.; Andell, P; Nielsen, R.E.; Jensen, S.E. Major Adverse Cardiovascular Events Following Acute Coronary
Syndrome in Patients with Bipolar Disorder. Int. J. Cardiol. 2022, 363, 1-5. [CrossRef]

Pini, S.; Abelli, M.; Gesi, C.; Lari, L.; Cardini, A.; Di Paolo, L.; Felice, F.; Di Stefano, R.; Mazzotta, G.; Oligeri, C.; et al. Frequency
and Clinical Correlates of Bipolar Features in Acute Coronary Syndrome Patients. Eur. Psychiatry 2014, 29, 253-258. [CrossRef]
Philipsen, L.; Wiirtz, N.; Polcwiartek, C.; Kragholm, K.H.; Torp-Pedersen, C.; Nielsen, R.E.; Jensen, S.E.; Attar, R. Time Trends of
Coronary Procedures, Guideline-Based Drugs and All-Cause Mortality Following Acute Coronary Syndrome in Patients with
Bipolar Disorder. Nord. ]. Psychiatry 2023, 77, 304-311. [CrossRef]

Etxaniz-Oses, ].; Maldonado-Martin, S.; Zorrilla, I.; Gorostegi-Anduaga, I.; Apodaca-Arrizabalaga, M.].; Gonzélez-Pinto, A. Are
Adults with Bipolar Disorder at Increased Cardiovascular Risk Due to Their Physical, Biochemical, and Physiological Profiles?
The FINEXT-BD Study. Brain Behav. 2025, 15, €70297. [CrossRef]

Gostoli, S.; Buzzichelli, S.; Guidi, J.; Sirri, L.; Marzola, E.; Roncuzzi, R.; Abbate-Daga, G.; Fava, G.A.; Rafanelli, C. An Innovative
Approach to the Assessment of Mood Disturbances in Patients with Acute Coronary Syndrome. CNS Spectr. 2023, 28, 78-89.
[CrossRef]

Mahmoud, Y.A.; Al-Khatib, A.; AlMahmoud, Y.; Darwish, M.; Ranjous, Y.; Etma, L.; Haidar, M.Y.; Mohamad, R.; Gad, A.M.
Suicide and Suicidal Ideation among Survivors of Acute Coronary Syndrome: A Systematic Review and Meta-Analysis of
Prevalence and Risk Factors. J. Affect. Disord. 2026, 394, 120614. [CrossRef]

Asheim, A.; Nilsen, S.M.; Svedahl, E.R.; Kaspersen, S.L.; Bjerkeset, O.; Janszky, I.; Bjerngaard, J.H. Risk of Suicide after
Hospitalizations Due to Acute Physical Health Conditions-a Cohort Study of the Norwegian Population. BMC Med. 2024, 22, 396.
[CrossRef]

Liu, C.-H.; Yeh, M.-K.; Wang, ].-H.; Weng, S.-C.; Bai, M.-Y.; Chang, ].-C. Acute Coronary Syndrome and Suicide: A Case-Referent
Study. J. Am. Heart Assoc. 2016, 5, e003998. [CrossRef]

Kang, H.-J.; Bae, K.-Y;; Kim, S.-W.; Shin, I.-S.; Hong, Y.J.; Ahn, Y.; Jeong, M.H.; Yoon, J.-S.; Kim, J.-M. Genetic Predisposition
toward Suicidal Ideation in Patients with Acute Coronary Syndrome. Oncotarget 2017, 8, 94951-94958. [CrossRef]

Goldstein, B.I,; Carnethon, M.R.; Matthews, K.A.; McIntyre, R.S.; Miller, G.E.; Raghuveer, G.; Stoney, C.M.; Wasiak, H.; McCrindle,
B.W. Major Depressive Disorder and Bipolar Disorder Predispose Youth to Accelerated Atherosclerosis and Early Cardiovascular
Disease: A Scientific Statement from the American Heart Association. Circulation 2015, 132, 965-986. [CrossRef]

Edmondson, D.; von Kénel, R. Post-Traumatic Stress Disorder and Cardiovascular Disease. Lancet Psychiatry 2017, 4, 320-329.
[CrossRef]

Correll, C.U.; Solmi, M.; Veronese, N.; Bortolato, B.; Rosson, S.; Santonastaso, P.; Thapa-Chhetri, N.; Fornaro, M.; Gallicchio, D.;
Collantoni, E.; et al. Prevalence, Incidence and Mortality from Cardiovascular Disease in Patients with Pooled and Specific Severe
Mental Illness: A Large-Scale Meta-Analysis of 3,211,768 Patients and 113,383,368 Controls. World Psychiatry 2017, 16, 163-180.
[CrossRef]

Levis, B.; Benedetti, A.; Thombs, B.D. Accuracy of Patient Health Questionnaire-9 (PHQ-9) for Screening to Detect Major
Depression: Individual Participant Data Meta-Analysis. BMJ 2019, 365, 11476. [CrossRef]

Kroenke, K.; Spitzer, R.L.; Williams, J.B. The PHQ-9: Validity of a Brief Depression Severity Measure. . Gen. Intern. Med. 2001, 16,
606—613. [CrossRef]

Quan, H.; Sundararajan, V.; Halfon, P.; Fong, A.; Burnand, B.; Luthi, ].-C.; Saunders, L.D.; Beck, C.A.; Feasby, T.E.; Ghali, W.A.
Coding Algorithms for Defining Comorbidities in ICD-9-CM and ICD-10 Administrative Data. Med. Care 2005, 43, 1130-1139.
[CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.4088/JCP.MS21078COM5
https://doi.org/10.1192/bjp.2021.120
https://doi.org/10.7759/cureus.16998
https://doi.org/10.1093/ehjqcco/qcy055
https://doi.org/10.1016/j.pnpbp.2020.109870
https://doi.org/10.1016/j.lanepe.2024.101135
https://doi.org/10.1016/j.ijcard.2022.06.036
https://doi.org/10.1016/j.eurpsy.2013.06.007
https://doi.org/10.1080/08039488.2022.2102208
https://doi.org/10.1002/brb3.70297
https://doi.org/10.1017/S1092852921000924
https://doi.org/10.1016/j.jad.2025.120614
https://doi.org/10.1186/s12916-024-03623-5
https://doi.org/10.1161/JAHA.116.003998
https://doi.org/10.18632/oncotarget.21661
https://doi.org/10.1161/CIR.0000000000000229
https://doi.org/10.1016/S2215-0366(16)30377-7
https://doi.org/10.1002/wps.20420
https://doi.org/10.1136/bmj.l1476
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.3390/medsci14010138

Med. Sci. 2026, 14, 138 49 of 56

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.
98.

99.

First, M.B.; Williams, ].B.; Karg, R.S.; Spitzer, R.L. Structured Clinical Interview for DSM-5 Disorders, Clinician Version (SCID-5-CV);
American Psychiatric Association: Washington, DC, USA, 2016.

Carney, RM.; Blumenthal, ].A ; Freedland, K.E.; Youngblood, M.; Veith, R.C.; Burg, M.M.; Cornell, C.; Saab, P.G.; Kaufmann, P.G,;
Czajkowski, S.M.; et al. Depression and Late Mortality after Myocardial Infarction in the Enhancing Recovery in Coronary Heart
Disease (ENRICHD) Study. Psychosom. Med. 2004, 66, 466—474. [CrossRef]

Whooley, M.A.; de Jonge, P.; Vittinghoff, E.; Otte, C.; Moos, R.; Carney, RM.; Ali, S.; Dowray, S.; Na, B.; Feldman, M.D.; et al.
Depressive Symptoms, Health Behaviors, and Risk of Cardiovascular Events in Patients with Coronary Heart Disease. JAMA
2008, 300, 2379-2388. [CrossRef]

Lichtman, J.H.; Bigger, J.T.].; Blumenthal, J.A.; Frasure-Smith, N.; Kaufmann, P.G.; Lespérance, F; Mark, D.B.; Sheps, D.S,;
Taylor, C.B.; Froelicher, E.S. Depression and Coronary Heart Disease: Recommendations for Screening, Referral, and Treatment:
A Science Advisory from the American Heart Association Prevention Committee of the Council on Cardiovascular Nursing,
Council on Clinical Cardiology, Council On Epidemiology and Prevention, and Interdisciplinary Council on Quality of Care and
Outcomes Research: Endorsed by the American Psychiatric Association. Circulation 2008, 118, 1768-1775. [CrossRef]

Wu, C,; Dagg, P.; Molgat, C.; Grishin, N. Smoking Prevalence and Correlates among Inpatients with Schizophrenia or Schizoaffec-
tive Disorder. Sci. Rep. 2025, 15, 18508. [CrossRef]

Sharma, R.; Gartner, C.E.; Hall, W.D. The Challenge of Reducing Smoking in People with Serious Mental Illness. Lancet Respir.
Med. 2016, 4, 835-844. [CrossRef]

Saxena, V.; Marin-Valencia, I. Mental Health Across the Metabolic Spectrum. Biol. Psychiatry Glob. Open Sci. 2025, 5, 100443.
[CrossRef]

Salem, M.; Robenson, J. The Impact of Socioeconomic Factors on Mental Health: A Conceptual Framework. Cureus 2025,
17, e88244. [CrossRef]

Schultz, WM.; Kelli, HM.; Lisko, ].C.; Varghese, T.; Shen, J.; Sandesara, P.; Quyyumi, A.A.; Taylor, H.A.; Gulati, M.; Harold,
J.G.; et al. Socioeconomic Status and Cardiovascular Outcomes: Challenges and Interventions. Circulation 2018, 137, 2166-2178.
[CrossRef]

Hisan, U.K.; Widjanarko, B.; Sriatmi, A.; Shaluhiyah, Z. Association between Depression and Medication Adherence in Noncom-
municable Diseases: A Narrative Review. Korean |. Fam. Med. 2025, 46, 231-239. [CrossRef]

Whang, W.; Kubzansky, L.D.; Kawachi, I.; Rexrode, K.M.; Kroenke, C.H.; Glynn, R.J.; Garan, H.; Albert, C.M. Depression and Risk
of Sudden Cardiac Death and Coronary Heart Disease in Women: Results from the Nurses” Health Study. J. Am. Coll. Cardiol.
2009, 53, 950-958. [CrossRef]

Stewart, J.C.; Zielke, D.J.; Hawkins, M.A.W.; Williams, D.R.; Carnethon, M.R.; Knox, S.S.; Matthews, K.A. Depressive Symptom
Clusters and 5-Year Incidence of Coronary Artery Calcification: The Coronary Artery Risk Development in Young Adults Study.
Circulation 2012, 126, 410-417. [CrossRef]

Civieri, G.; Abohashem, S.; Grewal, S.S.; Aldosoky, W.; Qamar, I.; Hanlon, E.; Choi, K.W.; Shin, L.M.; Rosovsky, R.P,; Bollepalli,
S.C.; et al. Anxiety and Depression Associated with Increased Cardiovascular Disease Risk Through Accelerated Development of
Risk Factors. JACC Adv. 2024, 3, 101208. [CrossRef]

Hu, X.; Cai, M,; Xiao, J.; Wan, X.; Wang, Z.; Zhao, H.; Yang, C. Benchmarking Mendelian Randomization Methods for Causal
Inference Using Genome-Wide Association Study Summary Statistics. Am. J. Hum. Genet. 2024, 111, 1717-1735. [CrossRef]

Lu, Y.; Wang, Z.; Georgakis, M.K,; Lin, H.; Zheng, L. Genetic Liability to Depression and Risk of Coronary Artery Disease,
Myocardial Infarction, and Other Cardiovascular Outcomes. J. Am. Heart Assoc. 2021, 10, e017986. [CrossRef]

Li, G.H.-Y;; Cheung, C.-L.; Chung, A K.-K.; Cheung, BM.-Y,; Wong, L.C.-K; Fok, M.L.Y.; Au, P.C.-M.; Sham, P.-C. Evaluation of
Bi-Directional Causal Association Between Depression and Cardiovascular Diseases: A Mendelian Randomization Study. Psychol.
Med. 2022, 52, 1765-1776. [CrossRef]

Xu, Q.; Chen, C.; You, R.; Ni, L.; Chen, S.; Peng, B. Causal Association between Major Depressive Disorder and Coronary Heart
Disease: A Two-Sample Bidirectional Mendelian Randomization Study. BMC Med. Genom. 2023, 16, 183. [CrossRef]

Nicholson, A.; Kuper, H.; Hemingway, H. Depression as an Aetiologic and Prognostic Factor in Coronary Heart Disease: A
Meta-Analysis of 6362 Events among 146 538 Participants in 54 Observational Studies. Eur. Heart |. 2006, 27, 2763-2774. [CrossRef]
Fewell, Z.; Davey Smith, G.; Sterne, ].A.C. The Impact of Residual and Unmeasured Confounding in Epidemiologic Studies: A
Simulation Study. Am. |. Epidemiol. 2007, 166, 646—655. [CrossRef]

Hern’an, M.A.; Robins, ]. M. Causal Inference: What If; CRC Press: Boca Raton, FL, USA, 2024.

Akinrinmade, A.O.; Obitulata-Ugwu, V.O.; Obijiofor, N.B.; Victor, E; Chive, M.; Marwizi, EM.; Odion-Omonhimin, L.O.; Obasi,
N.B. COVID-19 and Acute Coronary Syndrome: A Literature Review. Cureus 2022, 14, €29747. [CrossRef]

Dehelean, L.; Papava, I.; Musat, M.I,; Bondrescu, M.; Bratosin, F.; Bucatos, B.O.; Bortun, A.-M.C.; Mager, D.V,; Romosan, R.S.;
Romosan, A.-M.; et al. Coping Strategies and Stress Related Disorders in Patients with COVID-19. Brain Sci. 2021, 11, 1287.
[CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.1097/01.psy.0000133362.75075.a6
https://doi.org/10.1001/jama.2008.711
https://doi.org/10.1161/CIRCULATIONAHA.108.190769
https://doi.org/10.1038/s41598-025-93256-2
https://doi.org/10.1016/S2213-2600(16)30228-4
https://doi.org/10.1016/j.bpsgos.2024.100443
https://doi.org/10.7759/cureus.88244
https://doi.org/10.1161/CIRCULATIONAHA.117.029652
https://doi.org/10.4082/kjfm.25.0018
https://doi.org/10.1016/j.jacc.2008.10.060
https://doi.org/10.1161/CIRCULATIONAHA.112.094946
https://doi.org/10.1016/j.jacadv.2024.101208
https://doi.org/10.1016/j.ajhg.2024.06.016
https://doi.org/10.1161/JAHA.120.017986
https://doi.org/10.1017/S0033291720003566
https://doi.org/10.1186/s12920-023-01625-5
https://doi.org/10.1093/eurheartj/ehl338
https://doi.org/10.1093/aje/kwm165
https://doi.org/10.7759/cureus.29747
https://doi.org/10.3390/brainsci11101287
https://doi.org/10.3390/medsci14010138

Med.

Sci. 2026, 14, 138 50 of 56

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Mu, X.; Ning, S.; Zhang, Q.; Zhang, Y.; Wang, S.; Zhang, J.; Liang, Y.; Han, Y. Association between the COVID-19 Pandemic
and Cardiopulmonary Function in Acute Coronary Syndrome Patients without SARS-CoV-2 Infection. Sci. Rep. 2025, 15, 30906.
[CrossRef]

Zuo, M.; Xiang, S.; Bhattacharyya, S.; Chen, Q.; Zeng, J.; Li, C.; Deng, Y.; Siu, C.; Yin, L. Management Strategies and Outcomes of
Acute Coronary Syndrome (ACS) During COVID-19 Pandemic. BMC Cardiovasc. Disord. 2022, 22, 242. [CrossRef]

Gupta, A,; Tejpal, T.; Seo, C.; Fabiano, N.; Zhao, S.; Wong, S.; Qiu, Y.; MacNeil, J.; Kim, D.R.; Aleksova, N.; et al. Mental Disorders
as a Risk Factor of Acute Coronary Syndrome: A Systematic Review and Meta-Analysis. JAMA Psychiatry 2026, 83, 259-268.
[CrossRef]

Levine, G.N.; Carney, RM.; Cohen, B.E.; Dunn, S.L.; Gaffey, A.E.; Kronish, LM.; Olsson, EM.G.; Huffman, ].C. Post-Myocardial
Infarction Psychological Distress: A Scientific Statement from the American Heart Association. Circulation 2025, 152, €298-€310.
[CrossRef]

Gimbrone, M.A.J.; Garcia-Cardefia, G. Endothelial Cell Dysfunction and the Pathobiology of Atherosclerosis. Circ. Res. 2016, 118,
620-636. [CrossRef]

Forzano, I.; Florimonte, D.; Narciso, V.; Canonico, M.E.; Castiello, D.S.; Manzi, L.; Cristiano, S.; Spinelli, A.; Vallone, D.M,;
D’Alconzo, D.; et al. Optimal Medical Therapy Targeting Lipids and Inflammation for Secondary Prevention in Patients
Undergoing Percutaneous Coronary Intervention. J. Clin. Med. 2025, 14, 8334. [CrossRef]

Ley, K.; Miller, Y.I.; Hedrick, C.C. Monocyte and Macrophage Dynamics during Atherogenesis. Arterioscler. Thromb. Vasc. Biol.
2011, 31, 1506-1516. [CrossRef]

Ajoolabady, A.; Pratico, D.; Lin, L.; Mantzoros, C.S.; Bahijri, S.; Tuomilehto, J.; Ren, J. Inflammation in Atherosclerosis: Pathophys-
iology and Mechanisms. Cell Death Dis. 2024, 15, 817. [CrossRef]

Silvestre-Roig, C.; De Winther, M.P.; Weber, C.; Daemen, M.].; Lutgens, E.; Soehnlein, O. Atherosclerotic Plaque Destabilization:
Mechanisms, Models, and Therapeutic Strategies. Circ. Res. 2014, 114, 214-226. [CrossRef]

Kowara, M.; Cudnoch-Jedrzejewska, A. Different Approaches in Therapy Aiming to Stabilize an Unstable Atherosclerotic Plaque.
Int. ]. Mol. Sci. 2021, 22, 4354. [CrossRef]

Li, H; Cao, Z.; Wang, L; Liu, C.; Lin, H.; Tang, Y.; Yao, P. Macrophage Subsets and Death Are Responsible for Atherosclerotic
Plaque Formation. Front. Immunol. 2022, 13, 843712. [CrossRef]

Gruber, EJ.; Aygun, A.Y; Leifer, C.A. Macrophage Uptake of Oxidized and Acetylated Low-Density Lipoproteins and Generation
of Reactive Oxygen Species Are Regulated by Linear Stiffness of the Growth Surface. PLoS ONE 2021, 16, e0260756. [CrossRef]
Olejarz, W.; Lacheta, D.; Kubiak-Tomaszewska, G. Matrix Metalloproteinases as Biomarkers of Atherosclerotic Plaque Instability.
Int. ]. Mol. Sci. 2020, 21, 3946. [CrossRef]

Dey, A.; Hankey Giblin, P.A. Insights into Macrophage Heterogeneity and Cytokine-Induced Neuroinflammation in Major
Depressive Disorder. Pharmaceuticals 2018, 11, 64. [CrossRef]

Zhang, C.; Zhang, Y.; Yu, Y.; Zhou, M.; Zhang, ].; Fu, K.; Li, Y. Macrophage-Endothelial Cell Crosstalk Drives Atherosclerotic
Plaque Formation and Progression. Eur. J. Pharmacol. 2025, 1003, 177879. [CrossRef]

Howren, M.B.; Lamkin, D.M.; Suls, J. Associations of Depression with C-Reactive Protein, IL-1, and IL-6: A Meta-Analysis.
Biopsychosoc. Sci. Med. 2009, 71, 171-186. [CrossRef]

Hinterdobler, J.; Schott, S.; Jin, H.; Meesmann, A ; Steinsiek, A.-L.; Zimmermann, A.-S.; Wobst, J.; Miiller, P.; Mauersberger, C.;
Vilne, B.; et al. Acute Mental Stress Drives Vascular Inflammation and Promotes Plaque Destabilization in Mouse Atherosclerosis.
Eur. Heart ]. 2021, 42, 4077-4088. [CrossRef]

Heidt, T.; Sager, H.B.; Courties, G.; Dutta, P; Iwamoto, Y.; Zaltsman, A.; von Zur Muhlen, C.; Bode, C.; Fricchione, G.L.; Denninger,
J.; et al. Chronic Variable Stress Activates Hematopoietic Stem Cells. Nat. Med. 2014, 20, 754-758. [CrossRef]

Paganin, W.; Signorini, S. Inflammatory Biomarkers in Depression: Scoping Review. B]Psych Open 2024, 10, €165. [CrossRef]
Rus, M,; Sava, C.N.; Ardelean, A.L; Pasca, G.; Andronie-Cioara, FL.; Crisan, S.; Judea Pusta, C.T.; Guler, M.I. Exploring the
Connection Between Depression, Inflammatory Biomarkers, and Atherosclerotic Coronary Artery Disease. J. Clin. Med. 2025,
14, 2946. [CrossRef]

Li, G.; Zhang, L.; Liu, M. Meta-Analysis on Inflammation and Autonomic Nervous System of Coronary Heart Disease Combined
with Depression. BM] Open 2024, 14, e079980. [CrossRef]

Osimo, E.F,; Pillinger, T.; Rodriguez, . M.; Khandaker, G.M.; Pariante, C.M.; Howes, O.D. Inflammatory Markers in Depression: A
Meta-Analysis of Mean Differences and Variability in 5,166 Patients and 5,083 Controls. Brain Behav. Immun. 2020, 87, 901-909.
[CrossRef]

Ye, Z.; Kappelmann, N.; Moser, S.; Davey Smith, G.; Burgess, S.; Jones, P.B.; Khandaker, G.M. Role of Inflammation in Depression
and Anxiety: Tests for Disorder Specificity, Linearity and Potential Causality of Association in the UK Biobank. eClinicalMedicine
2021, 38, 100992. [CrossRef]

Mehta, N.N.; deGoma, E.; Shapiro, M.D. IL-6 and Cardiovascular Risk: A Narrative Review. Curr. Atheroscler. Rep. 2024, 27, 12.
[CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.1038/s41598-025-17016-y
https://doi.org/10.1186/s12872-022-02680-z
https://doi.org/10.1001/jamapsychiatry.2025.4253
https://doi.org/10.1161/CIR.0000000000001381
https://doi.org/10.1161/CIRCRESAHA.115.306301
https://doi.org/10.3390/jcm14238334
https://doi.org/10.1161/ATVBAHA.110.221127
https://doi.org/10.1038/s41419-024-07166-8
https://doi.org/10.1161/CIRCRESAHA.114.302355
https://doi.org/10.3390/ijms22094354
https://doi.org/10.3389/fimmu.2022.843712
https://doi.org/10.1371/journal.pone.0260756
https://doi.org/10.3390/ijms21113946
https://doi.org/10.3390/ph11030064
https://doi.org/10.1016/j.ejphar.2025.177879
https://doi.org/10.1097/PSY.0b013e3181907c1b
https://doi.org/10.1093/eurheartj/ehab371
https://doi.org/10.1038/nm.3589
https://doi.org/10.1192/bjo.2024.787
https://doi.org/10.3390/jcm14092946
https://doi.org/10.1136/bmjopen-2023-079980
https://doi.org/10.1016/j.bbi.2020.02.010
https://doi.org/10.1016/j.eclinm.2021.100992
https://doi.org/10.1007/s11883-024-01259-7
https://doi.org/10.3390/medsci14010138

Med.

Sci. 2026, 14, 138 51 of 56

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Lundin, J.I; Peters, U.; Hu, Y.; Ammous, F; Benjamin, E.J.; Bis, ].C.; Brody, J].A.; Cushman, M.; Fuller, H.; Gignoux, C.;
et al. Epigenetic Mechanisms Underlying Variation of IL-6, a Well-Established Inflammation Biomarker and Risk Factor for
Cardiovascular Disease. Atherosclerosis 2025, 407, 120219. [CrossRef]

Katkenov, N.; Mukhatayev, Z.; Kozhakhmetov, S.; Sailybayeva, A.; Bekbossynova, M.; Kushugulova, A. Systematic Review on the
Role of IL-6 and IL-13 in Cardiovascular Diseases. |. Cardiovasc. Dev. Dis. 2024, 11, 206. [CrossRef]

Schuett, H.; Oestreich, R.; Waetzig, G.H.; Annema, W.; Luchtefeld, M.; Hillmer, A.; Bavendiek, U.; von Felden, J.; Divchev, D.;
Kempf, T.; et al. Transsignaling of Interleukin-6 Crucially Contributes to Atherosclerosis in Mice. Arterioscler. Thromb. Vasc. Biol.
2012, 32, 281-290. [CrossRef]

Ridker, PM,; Libby, P.; MacFadyen, J.G.; Thuren, T.; Ballantyne, C.; Fonseca, F.; Koenig, W.; Shimokawa, H.; Everett, B.M.; Glynn,
R.J. Modulation of the Interleukin-6 Signalling Pathway and Incidence Rates of Atherosclerotic Events and All-Cause Mortality:
Analyses from the Canakinumab Anti-Inflammatory Thrombosis Outcomes Study (CANTOS). Eur. Heart J. 2018, 39, 3499-3507.
[CrossRef]

Zhilyaeva, T.V.; Rukavishnikov, G.V.; Manakova, E.A.; Mazo, G.E. Serum Interleukin-6 in Schizophrenia: Associations with
Clinical and Sociodemographic Characteristics. Consort. Psychiatr. 2023, 4, 5-16. [CrossRef]

Jones, M.E.; Lebonville, C.L.; Barrus, D.; Lysle, D.T. The Role of Brain Interleukin-1 in Stress-Enhanced Fear Learning. Neuropsy-
chopharmacol 2015, 40, 1289-1296. [CrossRef]

Tian, M.; Yuan, Y.-C.; Li, J.-Y.; Gionfriddo, M.R.; Huang, R.-C. Tumor Necrosis Factor-a and Its Role as a Mediator in Myocardial
Infarction: A Brief Review. Chronic Dis. Transl. Med. 2015, 1, 18-26. [CrossRef]

Martino, P.L.; Pulopulos, M.M.; Del Canto, C.; Dupanlou, M.L.; Rubio, S.M.; Bonet, J.L. High Levels of TNF-a Are Associated
with Symptoms of Depression in Health Professionals at a Hospital. Span. J. Psychiatry Ment. Health 2025, 18, 169-173. [CrossRef]
Li, C.; Wang, Y.; Chen, ].; Xiao, S.; Lou, M.; Ding, M.; Xing, Y. TNF-« Levels in First-Episode, Drug-Naive Patients with Major
Depressive Disorder: A Case-Control Study and Meta-Analysis. BMC Psychiatry 2026, 26, 69. [CrossRef]

MclIntyre, A.; Mozafar, D.; Liang, M.; Kapczinski, F.; Wollenhaupt-Aguiar, B. Tumor Necrosis Factor-Alpha and Its Association
with Bipolar Disorder: A Systematic Review and Meta-Analysis. J. Psychiatr. Res. 2025, 191, 634—652. [CrossRef]

Millett, C.E.; Harder, J.; Locascio, J.J.; Shanahan, M.; Santone, G.; Fichorova, R.N.; Corrigan, A.; Baecher-Allan, C.; Burdick, K.E.
TNF-« and Its Soluble Receptors Mediate the Relationship between Prior Severe Mood Episodes and Cognitive Dysfunction in
Euthymic Bipolar Disorder. Brain Behav. Immun. 2020, 88, 403—410. [CrossRef]

Hussein, S.; Dalton, B.; Willmund, G.D.; Ibrahim, M.A.A.; Himmerich, H. A Systematic Review of Tumor Necrosis Factor-« in
Post-Traumatic Stress Disorder: Evidence from Human and Animal Studies. Psychiatr. Danub 2017, 29, 407-420. [CrossRef]
Kemp, G.M,; Altimimi, H.F;; Nho, Y.; Heir, R.; Klyczek, A.; Stellwagen, D. Sustained TNF Signaling Is Required for the Synaptic
and Anxiety-like Behavioral Response to Acute Stress. Mol. Psychiatry 2022, 27, 4474-4484. [CrossRef]

Hoseth, E.Z.; Ueland, T.; Dieset, I.; Birnbaum, R.; Shin, ].H.; Kleinman, J.E.; Hyde, T.M.; Morch, R.H.; Hope, S.; Lekva, T,; et al. A
Study of TNF Pathway Activation in Schizophrenia and Bipolar Disorder in Plasma and Brain Tissue. Schizophr. Bull. 2017, 43,
881-890. [CrossRef]

Orsolini, L.; Pompili, S.; Volpe, U. C-Reactive Protein (CRP): A Potent Inflammation Biomarker in Psychiatric Disorders. Adv. Exp.
Med. Biol. 2023, 1411, 135-160. [CrossRef]

Osimo, E.F; Baxter, L.]J.; Lewis, G.; Jones, P.B.; Khandaker, G.M. Prevalence of Low-Grade Inflammation in Depression: A
Systematic Review and Meta-Analysis of CRP Levels. Psychol. Med. 2019, 49, 1958-1970. [CrossRef]

Zalli, A.; Jovanova, O.; Hoogendijk, W.]J.G.; Tiemeier, H.; Carvalho, L.A. Low-Grade Inflammation Predicts Persistence of
Depressive Symptoms. Psychopharmacology 2016, 233, 1669-1678. [CrossRef]

Wium-Andersen, M.K.; Orsted, D.D.; Nielsen, S.F.; Nordestgaard, B.G. Elevated C-Reactive Protein Levels, Psychological Distress,
and Depression in 73, 131 Individuals. JAMA Psychiatry 2013, 70, 176-184. [CrossRef]

Eisenhardt, 5.U.; Habersberger, ].; Murphy, A.; Chen, Y.-C.; Woollard, K.J.; Bassler, N.; Qian, H.; von Zur Muhlen, C.; Hagemeyer,
C.E.; Ahrens, I; et al. Dissociation of Pentameric to Monomeric C-Reactive Protein on Activated Platelets Localizes Inflammation
to Atherosclerotic Plaques. Circ. Res. 2009, 105, 128-137. [CrossRef]

de la Torre, R; Pefia, E.; Vilahur, G.; Slevin, M.; Badimon, L. Monomerization of C-Reactive Protein Requires Glycoprotein IIb-IIla
Activation: Pentraxins and Platelet Deposition. . Thromb. Haemost. 2013, 11, 2048-2058. [CrossRef]

Badimon, L.; Pefia, E.; Arderiu, G.; Padré, T.; Slevin, M.; Vilahur, G.; Chiva-Blanch, G. C-Reactive Protein in Atherothrombosis
and Angiogenesis. Front. Immunol. 2018, 9, 430. [CrossRef]

Christmas, D.M.; Potokar, J.; Davies, S.J. A Biological Pathway Linking Inflammation and Depression: Activation of Indoleamine
2,3-Dioxygenase. Neuropsychiatr. Dis. Treat. 2011, 7, 431-439. [CrossRef]

Halaris, A.; Prochaska, D.; Stefanski, A.; Filip, M. C-Reactive Protein in Major Depressive Disorder: Promise and Challenge. J.
Affect. Disord. Rep. 2022, 10, 100427. [CrossRef]

Tlavska, L.; Morvova, M.J.; Paduchovd, Z.; Muchova, J.; Garaiova, I.; Durackova, Z.; Sikurova, L.; Trebaticka, J. The Kynurenine
and Serotonin Pathway, Neopterin and Biopterin in Depressed Children and Adolescents: An Impact of Omega-3 Fatty Acids,

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.1016/j.atherosclerosis.2025.120219
https://doi.org/10.3390/jcdd11070206
https://doi.org/10.1161/ATVBAHA.111.229435
https://doi.org/10.1093/eurheartj/ehy310
https://doi.org/10.17816/CP11067
https://doi.org/10.1038/npp.2014.317
https://doi.org/10.1016/j.cdtm.2015.02.002
https://doi.org/10.1016/j.rpsm.2021.10.002
https://doi.org/10.1186/s12888-025-07685-4
https://doi.org/10.1016/j.jpsychires.2025.09.077
https://doi.org/10.1016/j.bbi.2020.04.003
https://doi.org/10.24869/psyd.2017.407
https://doi.org/10.1038/s41380-022-01737-x
https://doi.org/10.1093/schbul/sbw183
https://doi.org/10.1007/978-981-19-7376-5_7
https://doi.org/10.1017/S0033291719001454
https://doi.org/10.1007/s00213-015-3919-9
https://doi.org/10.1001/2013.jamapsychiatry.102
https://doi.org/10.1161/CIRCRESAHA.108.190611
https://doi.org/10.1111/jth.12415
https://doi.org/10.3389/fimmu.2018.00430
https://doi.org/10.2147/ndt.s17573
https://doi.org/10.1016/j.jadr.2022.100427
https://doi.org/10.3390/medsci14010138

Med.

Sci. 2026, 14, 138 52 of 56

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

and Association with Markers Related to Depressive Disorder. A Randomized, Blinded, Prospective Study. Front. Psychiatry 2024,
15,1347178. [CrossRef]

Hestad, K.A.; Engedal, K.; Whist, J.E.; Farup, P.G. The Relationships among Tryptophan, Kynurenine, Indoleamine 2,3-
Dioxygenase, Depression, and Neuropsychological Performance. Front. Psychol. 2017, 8, 1561. [CrossRef]

Pitharouli, M.C.; Hagenaars, S.P,; Glanville, K.P.; Coleman, J.R.I.; Hotopf, M.; Lewis, C.M.; Pariante, C.M. Elevated C-Reactive
Protein in Patients with Depression, Independent of Genetic, Health, and Psychosocial Factors: Results from the UK Biobank. Am.
J. Psychiatry 2021, 178, 522-529. [CrossRef]

Amezcua-Castillo, E.; Gonzélez-Pacheco, H.; Sdenz-San Martin, A.; Méndez-Ocampo, P.; Gutierrez-Moctezuma, I.; Massé, F.;
Sierra-Lara, D.; Springall, R.; Rodriguez, E.; Arias-Mendoza, A.; et al. C-Reactive Protein: The Quintessential Marker of Systemic
Inflammation in Coronary Artery Disease—Advancing toward Precision Medicine. Biomedicines 2023, 11, 2444. [CrossRef]
Won, E.; Kim, Y.-K. Stress, the Autonomic Nervous System, and the Inmune-Kynurenine Pathway in the Etiology of Depression.
Curr. Neuropharmacol. 2016, 14, 665-673. [CrossRef]

Wu, Q.; Miao, X.; Cao, Y.; Chi, A.; Xiao, T. Heart Rate Variability Status at Rest in Adult Depressed Patients: A Systematic Review
and Meta-Analysis. Front. Public Health 2023, 11, 1243213. [CrossRef]

Olivieri, F; Biscetti, L.; Pimpini, L.; Pelliccioni, G.; Sabbatinelli, J.; Giunta, S. Heart Rate Variability and Autonomic Nervous
System Imbalance: Potential Biomarkers and Detectable Hallmarks of Aging and Inflammaging. Ageing Res. Rev. 2024, 101,
102521. [CrossRef]

Carney, R.M.; Freedland, K.E.; Stein, PK.; Skala, ].A.; Hoffman, P; Jaffe, A.S. Change in Heart Rate and Heart Rate Variability
during Treatment for Depression in Patients with Coronary Heart Disease. Psychosom. Med. 2000, 62, 639-647. [CrossRef]
Grassi, G.; Drager, L.F. Sympathetic Overactivity, Hypertension and Cardiovascular Disease: State of the Art. Curr. Med. Res.
Opin. 2024, 40, 5-13. [CrossRef]

Moreira, H.G.; Lage, R.L.; Martinez, D.G.; Ferreira-Santos, L.; Rondon, M.U.P.B.; Negrao, C.E.; Nicolau, ].C. Sympathetic Nervous
Activity in Patients with Acute Coronary Syndrome: A Comparative Study of Inflammatory Biomarkers. Clin. Sci. 2017, 131,
883-895. [CrossRef]

Ring, M. An Integrative Approach to HPA Axis Dysfunction: From Recognition to Recovery. Am. J. Med. 2025, 138, 1451-1463.
[CrossRef]

Yin, Y.; Ju, T.; Zeng, D.; Duan, F; Zhu, Y;; Liu, J.; Li, Y.; Lu, W. “Inflamed” Depression: A Review of the Interactions between
Depression and Inflammation and Current Anti-Inflammatory Strategies for Depression. Pharmacol. Res. 2024, 207, 107322.
[CrossRef]

Juruena, M.E; Bocharova, M.; Agustini, B.; Young, A.H. Atypical Depression and Non-Atypical Depression: Is HPA Axis Function
a Biomarker? A Systematic Review. J. Affect. Disord. 2018, 233, 45-67. [CrossRef]

Bao, A.-M.; Swaab, D.F. The Human Hypothalamus in Mood Disorders: The HPA Axis in the Center. IBRO Rep. 2019, 6, 45-53.
[CrossRef]

George, M.Y.; Abdel Mageed, S.S.; Mansour, D.E.; Fawzi, S.F. The Cortisol Axis and Psychiatric Disorders: An Updated Review.
Pharmacol. Rep. 2025, 77, 1573-1599. [CrossRef]

Dziurkowska, E.; Wesolowski, M. Cortisol as a Biomarker of Mental Disorder Severity. |. Clin. Med. 2021, 10, 5204. [CrossRef]
Tsai, S.-Y.; Hsu, J.-Y.; Lin, C.-H.; Kuo, Y.-C.; Chen, C.-H.; Chen, H.-Y,; Liu, S.-J.; Chien, K.-L. Association of Stress Hormones and
the Risk of Cardiovascular Diseases Systematic Review and Meta-Analysis. Int. |. Cardiol. Cardiovasc. Risk Prev. 2024, 23, 200305.
[CrossRef]

Baaten, C.C.EM.].; Nagy, M.; Bergmeier, W.; Spronk, H.M.H.; van der Meijden, P.E.]. Platelet Biology and Function: Plaque
Erosion vs. Rupture. Eur. Heart |. 2024, 45, 18-31. [CrossRef]

Ehrlich, D.; Humpel, C. Platelets in Psychiatric Disorders. World |. Psychiatry 2012, 2, 91-94. [CrossRef]

Barbieri, S.S.; Zara, M. Platelets and Neuropsychiatric Disorders. In Platelets in Disease: Thrombotic Disorders and Disorders Not
Involving Hemorrhage or Thrombosis; Gresele, P., Lopez, J.A., Angiolillo, D.J., Page, C.P,, Eds.; Springer Nature: Cham, Switzerland,
2025; pp. 1907-1925.

Piletz, J.E.; Zhu, H.; Madakasira, S.; Pazzaglia, P.; Lindsay DeVane, C.; Goldman, N.; Halaris, A. Elevated P-Selectin on Platelets
in Depression: Response to Bupropion. J. Psychiatr. Res. 2000, 34, 397-404. [CrossRef]

Harm, T.; Geisler, T. Platelets in Acute Coronary Syndromes. In Platelets in Disease: Thrombotic Disorders and Disorders Not Involving
Hemorrhage or Thrombosis; Gresele, P., Lopez, J.A., Angiolillo, D.J., Page, C.P, Eds.; Springer Nature: Cham, Switzerland, 2025; pp.
1623-1642.

Yoshii, T.; Matsuzawa, T.; Nakahashi, H.; Satou, R.; Akiyama, E.; Kimura, Y.; Okada, K.; Maejima, N.; Iwahashi, N.; Hibi, K,;
et al. Endothelial Dysfunction and Cardiovascular Mortality in Patients with Acute Coronary Syndrome. Eur. Heart J. 2020,
41, ehaa946.1636. [CrossRef]

Waclawovsky, A.].; de Brito, E.; Smith, L.; Vancampfort, D.; da Silva, A.M.V,; Schuch, E.B. Endothelial Dysfunction in People with
Depressive Disorders: A Systematic Review and Meta-Analysis. J. Psychiatr. Res. 2021, 141, 152-159. [CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.3389/fpsyt.2024.1347178
https://doi.org/10.3389/fpsyg.2017.01561
https://doi.org/10.1176/appi.ajp.2020.20060947
https://doi.org/10.3390/biomedicines11092444
https://doi.org/10.2174/1570159X14666151208113006
https://doi.org/10.3389/fpubh.2023.1243213
https://doi.org/10.1016/j.arr.2024.102521
https://doi.org/10.1097/00006842-200009000-00007
https://doi.org/10.1080/03007995.2024.2305248
https://doi.org/10.1042/CS20170049
https://doi.org/10.1016/j.amjmed.2025.05.044
https://doi.org/10.1016/j.phrs.2024.107322
https://doi.org/10.1016/j.jad.2017.09.052
https://doi.org/10.1016/j.ibror.2018.11.008
https://doi.org/10.1007/s43440-025-00782-x
https://doi.org/10.3390/jcm10215204
https://doi.org/10.1016/j.ijcrp.2024.200305
https://doi.org/10.1093/eurheartj/ehad720
https://doi.org/10.5498/wjp.v2.i6.91
https://doi.org/10.1016/S0022-3956(00)00034-0
https://doi.org/10.1093/ehjci/ehaa946.1636
https://doi.org/10.1016/j.jpsychires.2021.06.045
https://doi.org/10.3390/medsci14010138

Med.

Sci. 2026, 14, 138 53 of 56

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Hage, Z.; Madeira, M.M.; Koliatsis, D.; Tsirka, S.E. Convergence of Endothelial Dysfunction, Inflammation and Glucocorticoid
Resistance in Depression-Related Cardiovascular Diseases. BMC Immunol. 2024, 25, 61. [CrossRef]

Tran, N.; Garcia, T.; Aniqa, M.; Ali, S.; Ally, A.; Nauli, S.M. Endothelial Nitric Oxide Synthase (ENOS) and the Cardiovascular
System: In Physiology and in Disease States. Am. . Biomed. Sci. Res. 2022, 15, 153-177. [CrossRef]

Sara, ].D.S.; Toya, T.; Ahmad, A.; Clark, M.M,; Gilliam, W.P,; Lerman, L.O.; Lerman, A. Mental Stress and Its Effects on Vascular
Health. Mayo Clin. Proc. 2022, 97, 951-990. [CrossRef]

Wu, J.; Tian, Z.; Qi, Z.; Liu, X;; Yu, P. Cardiovascular Disease and Depression: A Bidirectional Relationship and Its Clinical
Implications. Front. Psychiatry 2025, 16, 1675680. [CrossRef]

Dimoula, A; Fotellis, D.; Aivalioti, E.; Delialis, D.; Polissidis, A.; Patras, R.; Kokras, N.; Stamatelopoulos, K. Off-Target Effects of
Antidepressants on Vascular Function and Structure. Biomedicines 2022, 10, 56. [CrossRef]

Yekehtaz, H.; Farokhnia, M.; Akhondzadeh, S. Cardiovascular Considerations in Antidepressant Therapy: An Evidence-Based
Review. |. Tehran Heart Cent. 2013, 8, 169-176.

Chen, Y,; Fan, Q.; Liu, Y,; Shi, Y.; Luo, H. Cardiovascular Toxicity Induced by SSRIs: Analysis of Spontaneous Reports Submitted
to FAERS. Psychiatry Res. 2023, 326, 115300. [CrossRef]

Leung, J.Y.T; Barr, A.M.; Procyshyn, RM.; Honer, W.G.; Pang, C.C.Y. Cardiovascular Side-Effects of Antipsychotic Drugs: The
Role of the Autonomic Nervous System. Pharmacol. Ther. 2012, 135, 113-122. [CrossRef]

Li, X.-Q.; Tang, X.-R.; Li, L.-L. Antipsychotics Cardiotoxicity: What’s Known and What’s Next. World J. Psychiatry 2021, 11,
736-753. [CrossRef]

Gladysz, A.; Zamorski, M.; Stebel, A.; Ligoda, ].; Machaj, R.; Mach, F. Antipsychotic Drugs and Their Possible Cardiovascular
Adverse Effects—Literature Review. Curr. Probl. Psychiatry 2024, 25, 215-225. [CrossRef]

Ridker, PM.; Bhatt, D.L.; Pradhan, A.D.; Glynn, R.J.; MacFadyen, J.G.; Nissen, S.E. Inflammation and Cholesterol as Predictors of
Cardiovascular Events Among Patients Receiving Statin Therapy: A Collaborative Analysis of Three Randomised Trials. Lancet
2023, 401, 1293-1301. [CrossRef]

Ridker, PM.; Everett, B.M.; Thuren, T.; MacFadyen, J.G.; Chang, W.H.; Ballantyne, C.; Fonseca, E; Nicolau, J.; Koenig, W.; Anker,
S.D.; et al. Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease. N. Engl. ]. Med. 2017, 377, 1119-1131.
[CrossRef]

Yu, M,; Yang, Y.; Dong, S.-L.; Zhao, C.; Yang, F,; Yuan, Y.-F,; Liao, Y.-H.; He, S.-L.; Liu, K.; Wei, E; et al. Effect of Colchicine
on Coronary Plaque Stability in Acute Coronary Syndrome as Assessed by Optical Coherence Tomography: The COLOCT
Randomized Clinical Trial. Circulation 2024, 150, 981-993. [CrossRef]

Tardif, J.-C.; Kouz, S.; Waters, D.D.; Bertrand, O.F; Diaz, R.; Maggioni, A.P;; Pinto, EJ.; Ibrahim, R.; Gamra, H.; Kiwan, G.S.; et al.
Efficacy and Safety of Low-Dose Colchicine after Myocardial Infarction. N. Engl. J. Med. 2019, 381, 2497-2505. [CrossRef]
Ridker, PM.; Devalaraja, M.; Baeres, EM.M.; Engelmann, M.D.M.; Hovingh, G.K,; Ivkovic, M.; Lo, L.; Kling, D.; Pergola, P.; Raj,
D.; et al. IL-6 Inhibition with Ziltivekimab in Patients at High Atherosclerotic Risk (RESCUE): A Double-Blind, Randomised,
Placebo-Controlled, Phase 2 Trial. Lancet 2021, 397, 2060-2069. [CrossRef]

Dyndal, K.; Broda, M.; Jedrzejewska-Rzezak, P.; Mokrzycka, A.; Zuczek, A.; Urbanska, K.; Szczap, I.; Hawryluk, A; Zuczek, O.;
Marzec, K. The Relationship Between Depression and Cardiovascular Diseases: A Review of Psychocardiological Mechanisms.
Int. J. Innov. Technol. Soc. Sci. 2025, 4, 1-14. [CrossRef]

Mostafa, M.R.; Eid, M.M.; Awad, A K,; Takla, A.; Hassan, A.R.; Katamesh, B.E.; AlBarakat, M.M.; Ziada, A.R.; Mohamed, S.;
Al-Azizi, KM.; et al. Safety and Efficacy of Cangrelor in Acute Coronary Syndromes: A Systematic Review and Network
Meta-Analysis. Am. J. Cardiovasc. Drugs 2024, 24, 71-81. [CrossRef]

Latter, J.; McCartney, PJ.; Berry, C. Bail-out Glycoprotein IIb/Illa Inhibitors for Coronary Microvascular Obstruction: Guideline-
Indicated, but Does Harm Outweigh Benefit? Eur. Heart ]. 2024, 45, 5068-5070. [CrossRef]

Tommasino, A.; Fiorentini, V.; Mattaroccia, G.; Scoccia, A.; Barbato, E. STEMI Antithrombotic Therapy: The Evolving Role of
P2Y12 Inhibitor Pretreatment in Contemporary Practice. Rev. Cardiovasc. Med. 2024, 25, 416. [CrossRef]

Zambrano, ].; Celano, C.M.; Januzzi, ].L.; Massey, C.N.; Chung, W.-].; Millstein, R.A.; Huffman, J.C. Psychiatric and Psychological
Interventions for Depression in Patients with Heart Disease: A Scoping Review. . Am. Heart Assoc. 2020, 9, €018686. [CrossRef]
Fernandes, N.; Prada, L.; Rosa, M.M.; Ferreira, ].].; Costa, ]J.; Pinto, FJ.; Caldeira, D. The Impact of SSRIs on Mortality and
Cardiovascular Events in Patients with Coronary Artery Disease and Depression: Systematic Review and Meta-Analysis. Clin.
Res. Cardiol. 2021, 110, 183-193. [CrossRef]

Lespérance, F.; Frasure-Smith, N.; Koszycki, D.; Laliberté, M.-A.; van Zyl, L.T.; Baker, B.; Swenson, J.R.; Ghatavi, K.; Abramson,
B.L.; Dorian, P; et al. Effects of Citalopram and Interpersonal Psychotherapy on Depression in Patients with Coronary Artery
Disease: The Canadian Cardiac Randomized Evaluation of Antidepressant and Psychotherapy Efficacy (CREATE) Trial. JAMA
2007, 297, 367-379. [CrossRef]

https:/ /doi.org/10.3390/medsci14010138


https://doi.org/10.1186/s12865-024-00653-9
https://doi.org/10.34297/ajbsr.2022.15.002087
https://doi.org/10.1016/j.mayocp.2022.02.004
https://doi.org/10.3389/fpsyt.2025.1675680
https://doi.org/10.3390/biomedicines10010056
https://doi.org/10.1016/j.psychres.2023.115300
https://doi.org/10.1016/j.pharmthera.2012.04.003
https://doi.org/10.5498/wjp.v11.i10.736
https://doi.org/10.12923/2353-8627/2024-0020
https://doi.org/10.1016/S0140-6736(23)00215-5
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1161/CIRCULATIONAHA.124.069808
https://doi.org/10.1056/NEJMoa1912388
https://doi.org/10.1016/S0140-6736(21)00520-1
https://doi.org/10.31435/ijitss.3(47).2025.3901
https://doi.org/10.1007/s40256-023-00616-2
https://doi.org/10.1093/eurheartj/ehae601
https://doi.org/10.31083/j.rcm2511416
https://doi.org/10.1161/JAHA.120.018686
https://doi.org/10.1007/s00392-020-01697-8
https://doi.org/10.1001/jama.297.4.367
https://doi.org/10.3390/medsci14010138

Med.

Sci. 2026, 14, 138 54 of 56

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

Kim, J.-M.; Stewart, R.; Bae, K.-Y.; Kang, H.-J.; Kim, S.-W.; Shin, I.-S.; Hong, Y.J.; Ahn, Y.; Jeong, M.H.; Yoon, ].-S. Effects of
Depression Co-Morbidity and Treatment on Quality of Life in Patients with Acute Coronary Syndrome: The Korean Depression in
ACS (K-DEPACS) and the Escitalopram for Depression in ACS (EsDEPACS) Study. Psychol. Med. 2015, 45, 1641-1652. [CrossRef]
Kim, J.-M.; Bae, K.-Y.; Kang, H.-J.; Kim, S.-W,; Shin, I.-S.; Hong, Y.-].; Kim, J.-H.; Shin, H.-Y,; Ahn, Y.; Kim, J.-K,; et al. Design and
Methodology for the Korean Observational and Escitalopram Treatment Studies of Depression in Acute Coronary Syndrome:
K-DEPACS and EsDEPACS. Psychiatry Investig. 2014, 11, 89-94. [CrossRef]

Shapiro, P.A.; Lespérance, F.; Frasure-Smith, N.; O’Connor, C.M.; Baker, B.; Jiang, ] W.; Dorian, P.; Harrison, W.; Glassman, A.H.
An Open-Label Preliminary Trial of Sertraline for Treatment of Major Depression after Acute Myocardial Infarction (the SADHAT
Trial). Sertraline Anti-Depressant Heart Attack Trial. Am. Heart ]. 1999, 137, 1100-1106. [CrossRef]

Kim, J.-M.; Stewart, R.; Lee, Y.-S.; Lee, H.-J.; Kim, M.C.; Kim, J.-W.; Kang, H.-].; Bae, K.-Y.; Kim, S.-W.; Shin, I.-S.; et al. Effect of
Escitalopram vs Placebo Treatment for Depression on Long-Term Cardiac Outcomes in Patients with Acute Coronary Syndrome:
A Randomized Clinical Trial. JAMA 2018, 320, 350-358. [CrossRef]

Blumenthal, J.A.; Sherwood, A.; Babyak, M.A.; Watkins, L.L.; Smith, PJ.; Hoffman, B.M.; O'Hayer, C.V.F,; Mabe, S.; Johnson, J.;
Doraiswamy, PM.; et al. Exercise and Pharmacological Treatment of Depressive Symptoms in Patients with Coronary Heart
Disease: Results from the UPBEAT (Understanding the Prognostic Benefits of Exercise and Antidepressant Therapy) Study. J. Am.
Coll. Cardiol. 2012, 60, 1053-1063. [CrossRef]

Kim, ]J.-M.; Bae, K.-Y,; Stewart, R.; Jung, B.-O.; Kang, H.-].; Kim, S.-W.,; Shin, 1.-S.; Hong, Y.J.; Kim, J.H.; Shin, H.-Y,; et al.
Escitalopram Treatment for Depressive Disorder Following Acute Coronary Syndrome: A 24-Week Double-Blind, Placebo-
Controlled Trial. J. Clin. Psychiatry 2015, 76, 62-68. [CrossRef]

Polcwiartek, C.; Kragholm, K.; Schjerning, O.; Graff, C.; Nielsen, J. Cardiovascular Safety of Antipsychotics: A Clinical Overview.
Expert Opin. Drug Saf. 2016, 15, 679-688. [CrossRef]

Gundugurti, PR.; Bhattacharyya, R.; Koneru, A. Management of Psychiatric Disorders in Patients with Cardiovascular Diseases.
Indian J. Psychiatry 2022, 64, S355-5365. [CrossRef]

Xu, L.; Zhai, X; Shi, D.; Zhang, Y. Depression and Coronary Heart Disease: Mechanisms, Interventions, and Treatments. Front.
Psychiatry 2024, 15, 1328048. [CrossRef]

Akosile, W,; Tiyatiye, B.; Colquhoun, D.; Young, R. Management of Depression in Patients with Coronary Artery Disease: A
Systematic Review. Asian J. Psychiatr. 2023, 83, 103534. [CrossRef]

Berkman, L.E,; Blumenthal, J.; Burg, M.; Carney, R.M.; Catellier, D.; Cowan, M.].; Czajkowski, S.M.; DeBusk, R.; Hosking, J.; Jaffe,
A.; et al. Effects of Treating Depression and Low Perceived Social Support on Clinical Events after Myocardial Infarction: The
Enhancing Recovery in Coronary Heart Disease Patients (ENRICHD) Randomized Trial. JAMA 2003, 289, 3106-3116.
Blumenthal, J.A.; Babyak, M. A ; Carney, R.M.; Huber, M.; Saab, P.G.; Burg, M.M.; Sheps, D.; Powell, L.; Taylor, C.B.; Kaufmann,
P.G. Exercise, Depression, and Mortality after Myocardial Infarction in the ENRICHD Trial. Med. Sci. Sports Exerc. 2004, 36,
746-755. [CrossRef]

Ski, C.E,; Taylor, R.S.; McGuigan, K.; Long, L.; Lambert, ].D.; Richards, S.H.; Thompson, D.R. Psychological Interventions for
Depression and Anxiety in Patients with Coronary Heart Disease, Heart Failure or Atrial Fibrillation: Cochrane Systematic
Review and Meta-Analysis. Eur. ]. Cardiovasc. Nurs. 2025, 24, 194-204. [CrossRef]

Davidson, K.W.; Rieckmann, N.; Clemow, L.; Schwartz, ].E.; Shimbo, D.; Medina, V.; Albanese, G.; Kronish, I.; Hegel, M.; Burg,
M.M. Enhanced Depression Care for Patients with Acute Coronary Syndrome and Persistent Depressive Symptoms: Coronary
Psychosocial Evaluation Studies Randomized Controlled Trial. Arch. Intern. Med. 2010, 170, 600-608. [CrossRef]

Davidson, K.W,; Bigger, ].T.; Burg, M.M.; Carney, R.M.; Chaplin, W.F.; Czajkowski, S.; Dornelas, E.; Duer-Hefele, J.; Frasure-Smith,
N.; Freedland, K.E.; et al. Centralized, Stepped, Patient Preference-Based Treatment for Patients with Post-Acute Coronary
Syndrome Depression: CODIACS Vanguard Randomized Controlled Trial. JAMA Intern. Med. 2013, 173, 997-1004. [CrossRef]
Kronish, LM.; Moise, N.; Cheung, Y.K.; Clarke, G.N.; Dolor, R.J.; Duer-Hefele, J.; Margolis, K.L.; St Onge, T.; Parsons, F.; Retuerto,
J.; et al. Effect of Depression Screening After Acute Coronary Syndromes on Quality of Life: The CODIACS-QoL Randomized
Clinical Trial. JAMA Intern. Med. 2020, 180, 45-53. [CrossRef]

PHQ-9 for Clinicians: Screening, Interpreting, & Monitoring. Available online: https://phg-9.org/blog/phg-9-for-clinicians-
screening-interpreting-monitoring (accessed on 3 March 2026).

Ford, J.; Thomas, F,; Byng, R.; McCabe, R. Use of the Patient Health Questionnaire (PHQ-9) in Practice: Interactions between
Patients and Physicians. Qual. Health Res. 2020, 30, 2146-2159. [CrossRef]

Negeri, Z.F,; Levis, B.; Sun, Y.; He, C.; Krishnan, A.; Wu, Y.; Bhandari, PM.; Neupane, D.; Brehaut, E.; Benedetti, A ; et al. Accuracy
of the Patient Health Questionnaire-9 for Screening to Detect Major Depression: Updated Systematic Review and Individual
Participant Data Meta-Analysis. BMJ 2021, 375, n2183. [CrossRef]

Li, H.; Wang, Y.; Yu, Y. Impact of Continuous Home Care on Quality of Life and Depression Status in Patients with Acute
Coronary Syndrome. Front. Cardiovasc. Med. 2026, 13, 1700557. [CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.1017/S003329171400275X
https://doi.org/10.4306/pi.2014.11.1.89
https://doi.org/10.1016/S0002-8703(99)70369-8
https://doi.org/10.1001/jama.2018.9422
https://doi.org/10.1016/j.jacc.2012.04.040
https://doi.org/10.4088/JCP.14m09281
https://doi.org/10.1517/14740338.2016.1161021
https://doi.org/10.4103/indianjpsychiatry.indianjpsychiatry_42_22
https://doi.org/10.3389/fpsyt.2024.1328048
https://doi.org/10.1016/j.ajp.2023.103534
https://doi.org/10.1249/01.MSS.0000125997.63493.13
https://doi.org/10.1093/eurjcn/zvae113
https://doi.org/10.1001/archinternmed.2010.29
https://doi.org/10.1001/jamainternmed.2013.915
https://doi.org/10.1001/jamainternmed.2019.4518
https://phq-9.org/blog/phq-9-for-clinicians-screening-interpreting-monitoring
https://phq-9.org/blog/phq-9-for-clinicians-screening-interpreting-monitoring
https://doi.org/10.1177/1049732320924625
https://doi.org/10.1136/bmj.n2183
https://doi.org/10.3389/fcvm.2026.1700557
https://doi.org/10.3390/medsci14010138

Med.

Sci. 2026, 14, 138 55 of 56

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

Plummer, F; Manea, L.; Trepel, D.; McMillan, D. Screening for Anxiety Disorders with the GAD-7 and GAD-2: A Systematic
Review and Diagnostic Metaanalysis. Gen. Hosp. Psychiatry 2016, 39, 24-31. [CrossRef]

Bolgeo, T.; Di Matteo, R.; Simonelli, N.; Dal Molin, A.; Lusignani, M.; Bassola, B.; Vellone, E.; Maconi, A.; Iovino, P. Psychometric
Properties and Measurement Invariance of the 7-Item General Anxiety Disorder Scale (GAD-7) in an Italian Coronary Heart
Disease Population. J. Affect. Disord. 2023, 334, 213-219. [CrossRef]

Lok, K.Y.W. The Whooley Questionnaire for Depression: Measures and Applications. In Handbook of the Behavior and Psychology of
Disease; Martin, C.R., Preedy, V.R,, Patel, V.B., Rajendram, R., Eds.; Springer Nature: Cham, Switzerland, 2025; pp. 1-12.
Bosanquet, K.; Bailey, D.; Gilbody, S.; Harden, M.; Manea, L.; Nutbrown, S.; McMillan, D. Diagnostic Accuracy of the Whooley
Questions for the Identification of Depression: A Diagnostic Meta-Analysis. BM] Open 2015, 5, €008913. [CrossRef]

Nieuwsma, J.A.; Williams, ].W.J.; Namdari, N.; Washam, J.B.; Raitz, G.; Blumenthal, J.A.; Jiang, W.; Yapa, R.; McBroom, A.J.;
Lallinger, K.; et al. Diagnostic Accuracy of Screening Tests and Treatment for Post-Acute Coronary Syndrome Depression: A
Systematic Review. Ann. Intern. Med. 2017, 167, 725-735. [CrossRef]

Frost, J.L.; Rich, R.L.J.; Robbins, C.W.; Stevermer, ].J.; Chow, R.T.; Leon, K.K,; Bird, M.D. Depression Following Acute Coronary
Syndrome Events: Screening and Treatment Guidelines from the AAFP. Am. Fam. Physician 2019, 99, 786A-786].

Caldirola, D.; Schruers, K.R.; Nardi, A.E.; De Berardis, D.; Fornaro, M.; Perna, G. Is There Cardiac Risk in Panic Disorder? An
Updated Systematic Review. J. Affect. Disord. 2016, 194, 38-49. [CrossRef]

Soh, K.C.; Lee, C. Panic Attack and Its Correlation with Acute Coronary Syndrome—More than Just a Diagnosis of Exclusion.
Ann. Acad. Med. 2010, 39, 197-202. [CrossRef]

Tunnell, N.C.; Corner, S.E.; Roque, A.D.; Kroll, J.L.; Ritz, T.; Meuret, A.E. Biobehavioral Approach to Distinguishing Panic
Symptoms from Medical Illness. Front. Psychiatry 2024, 15, 1296569. [CrossRef]

Hallyburton, A. Diagnostic Overshadowing: An Evolutionary Concept Analysis on the Misattribution of Physical Symptoms to
Pre-Existing Psychological Illnesses. Int. . Ment. Health Nurs. 2022, 31, 1360-1372. [CrossRef]

Sharp, A.L.; Pallegadda, R.; Baecker, A.; Park, S.; Nassery, N.; Hassoon, A.; Peterson, S.; Pitts, S.I.; Wang, Z.; Zhu, Y.; et al. Are
Mental Health and Substance Use Disorders Risk Factors for Missed Acute Myocardial Infarction Diagnoses Among Chest Pain
or Dyspnea Encounters in the Emergency Department? Ann. Emerg. Med. 2022, 79, 93-101. [CrossRef]

Jones, S.; Howard, L.; Thornicroft, G. “Diagnostic Overshadowing”: Worse Physical Health Care for People with Mental Illness.
Acta Psychiatr. Scand. 2008, 118, 169-171. [CrossRef]

Thombs, B.D.; Ziegelstein, R.C.; Pilote, L.; Dozois, D.J.A.; Beck, A.T.; Dobson, K.S.; Fuss, S.; de Jonge, P; Grace, S.L.; Stewart, D.E.;
et al. Somatic Symptom Overlap in Beck Depression Inventory-II Scores Following Myocardial Infarction. Br. J. Psychiatry 2010,
197, 61-66. [CrossRef]

Roest, A.M.; Thombs, B.D.; Grace, S.L.; Stewart, D.E.; Abbey, S.E.; de Jonge, P. Somatic/Affective Symptoms, but Not Cogni-
tive/ Affective Symptoms, of Depression after Acute Coronary Syndrome Are Associated with 12-Month All-Cause Mortality. J.
Affect. Disord. 2011, 131, 158-163. [CrossRef]

Roest, A.M.; Carney, R.M.; Freedland, K.E.; Martens, E.J.; Denollet, J.; de Jonge, P. Changes in Cognitive versus Somatic Symptoms
of Depression and Event-Free Survival Following Acute Myocardial Infarction in the Enhancing Recovery In Coronary Heart
Disease (ENRICHD) Study. J. Affect. Disord. 2013, 149, 335-341. [CrossRef]

Lu, X,; Liu, C.; Lu, H,; Qian, X.; Wang, C.; Jia, C.; Jia, F. Eight-Year Total, Cognitive-Affective, and Somatic Depressive Symptoms
Trajectories and Risks of Cardiac Events. Transl. Psychiatry 2024, 14, 356. [CrossRef]

Kunutsor, S.K.; Kaur, K.; Shah, A.H. Sex Differences in Acute Coronary Syndrome Outcomes and Prognosis: A Decade of Progress
and Persistent Disparities (2014-2025). Curr. Opin. Physiol. 2025, 46, 100868. [CrossRef]

Lichtman, J.H.; Leifheit, E.C.; Safdar, B.; Bao, H.; Krumholz, HM.; Lorenze, N.P.; Daneshvar, M.; Spertus, J.A.; D’Onofrio, G. Sex
Differences in the Presentation and Perception of Symptoms Among Young Patients with Myocardial Infarction: Evidence from
the VIRGO Study (Variation in Recovery: Role of Gender on Outcomes of Young AMI Patients). Circulation 2018, 137, 781-790.
[CrossRef]

Kumar, S.; Banerjee, A. Bridging Cardiac and Mental Health: Screening for Depression in Cardiology Settings. Cureus 2026,
18, €102107. [CrossRef]

Quindry, J.C.; McNamara, M.; Oser, C.; Fogle, C. Assessment of Clinical Depression Metrics in Cardiac Patients Using the Patient
Health Questionnaire-9 before and after Phase-II Cardiac Rehabilitation. Sport. Med. Health Sci. 2024, 6, 240-245. [CrossRef]
Smolderen, K.G.; Buchanan, D.M.; Amin, A.A.; Gosch, K.; Nugent, K.; Riggs, L.; Seavey, G.; Spertus, ].A. Real-World Lessons from
the Implementation of a Depression Screening Protocol in Acute Myocardial Infarction Patients: Implications for the American
Heart Association Depression Screening Advisory. Circ. Cardiovasc. Qual. Outcomes 2011, 4, 283-292. [CrossRef]

Celano, C.M.; Suarez, L.; Mastromauro, C.; Januzzi, ].L.; Huffman, J.C. Feasibility and Utility of Screening for Depression and
Anxiety Disorders in Patients with Cardiovascular Disease. Circ. Cardiovasc. Qual. Outcomes 2013, 6, 498-504. [CrossRef]

Jha, M.K,; Qamar, A.; Vaduganathan, M.; Charney, D.S.; Murrough, ].W. Screening and Management of Depression in Patients
with Cardiovascular Disease: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2019, 73, 1827-1845. [CrossRef]

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.1016/j.genhosppsych.2015.11.005
https://doi.org/10.1016/j.jad.2023.04.140
https://doi.org/10.1136/bmjopen-2015-008913
https://doi.org/10.7326/M17-1811
https://doi.org/10.1016/j.jad.2016.01.003
https://doi.org/10.47102/annals-acadmedsg.V39N3p197
https://doi.org/10.3389/fpsyt.2024.1296569
https://doi.org/10.1111/inm.13034
https://doi.org/10.1016/j.annemergmed.2021.08.016
https://doi.org/10.1111/j.1600-0447.2008.01211.x
https://doi.org/10.1192/bjp.bp.109.076596
https://doi.org/10.1016/j.jad.2010.11.018
https://doi.org/10.1016/j.jad.2013.02.008
https://doi.org/10.1038/s41398-024-03063-y
https://doi.org/10.1016/j.cophys.2025.100868
https://doi.org/10.1161/CIRCULATIONAHA.117.031650
https://doi.org/10.7759/cureus.102107
https://doi.org/10.1016/j.smhs.2023.09.004
https://doi.org/10.1161/CIRCOUTCOMES.110.960013
https://doi.org/10.1161/CIRCOUTCOMES.111.000049
https://doi.org/10.1016/j.jacc.2019.01.041
https://doi.org/10.3390/medsci14010138

Med.

Sci. 2026, 14, 138 56 of 56

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

Liblik, K.; Théberge, E.; Gomes, Z.; Burbidge, E.; Menon, N.; Gobran, J.; Johri, A.M. Improving Wellbeing After Acute Coronary
Syndrome. Curr. Probl. Cardiol. 2023, 48, 101201. [CrossRef]

Bueno, H.; Deaton, C.; Farrero, M.; Forsyth, F; Braunschweig, F.; Buccheri, S.; Dragan, S.; Gevaert, S.; Held, C.; Kurpas, D.; et al.
2025 ESC Clinical Consensus Statement on Mental Health and Cardiovascular Disease: Developed under the Auspices of the
ESC Clinical Practice Guidelines Committee: Developed by the Task Force on Mental Health and Cardiovascular Disease of
the European Society of Cardiology (ESC). Endorsed by the European Federation of Psychologists” Associations AISBL (EFPA),
the European Psychiatric Association (EPA), and the International Society of Behavioral Medicine (ISBM). Eur. Heart ]. 2025, 46,
4156-4225. [CrossRef]

Ishihara, K.; Izawa, K.P,; Kitamura, M.; Kanejima, Y.; Ogawa, M.; Yoshihara, R.; Morisawa, T.; Shimizu, I. Effects of Cardiac
Rehabilitation on Cognitive Function in Patients with Acute Coronary Syndrome: A Systematic Review. Heliyon 2024, 10, e32890.
[CrossRef]

Yudi, M.B; Clark, D.J.; Tsang, D.; Jelinek, M.; Kalten, K.; Joshi, S.; Phan, K.; Nasis, A.; Amerena, J.; Arunothayaraj, S.; et al.
SMARTphone-Based, Early Cardiac REHABIlitation in Patients with Acute Coronary Syndromes [SMART-REHAB Trial]: A
Randomized Controlled Trial Protocol. BMC Cardiovasc. Disord. 2016, 16, 170. [CrossRef]

Crepaldi, M.; Zambetti, E.; Lanfranchi, F; Zenoni, E.; Bariletti, I.; Quarenghi, F.; Viscardi, L.; Rizzola, G.; Regazzoni, V.; Bigoni, A,;
et al. How to Improve the Well-Being of Patients in Cardiac Rehabilitation? A Contribution of Psychological Treatments. Front.
Psychol. 2025, 16, 1592591. [CrossRef]

ClinicalTrials.Gov. Clinical Studies Targeting Bidirectional MHD-ACS. Available online: https://clinicaltrials.gov/search?cond=Acute
CoronarySyndromeé&term=MentalHealth&aggFilters=results:with (accessed on 4 February 2026).

Wenzl, FA,; Kraler, S.; Ambler, G.; Weston, C.; Herzog, S.A.; Raber, L.; Muller, O.; Camici, G.G.; Roffi, M.; Rickli, H.; et al.
Sex-Specific Evaluation and Redevelopment of the GRACE Score in Non-ST-Segment Elevation Acute Coronary Syndromes in
Populations from the UK and Switzerland: A Multinational Analysis with External Cohort Validation. Lancet 2022, 400, 744-756.
[CrossRef]

Ababneh, M.]J.; Smadi, M.M.; Al-Kasasbeh, A.; Jawarneh, Q.A.; Nofal, M.; El-Bashir, M.; Jarrah, M.L; Raffee, L.A. Validity of TIMI
Risk Score and HEART Score for Risk Assessment of Patients with Unstable Angina/Non-ST Elevation Myocardial Infarction
Presented to an Emergency Department in Jordan. Open Access Emerg. Med. 2023, 15, 465-471. [CrossRef]

Hippisley-Cox, J.; Coupland, C.; Brindle, P. Development and Validation of QRISK3 Risk Prediction Algorithms to Estimate
Future Risk of Cardiovascular Disease: Prospective Cohort Study. BMJ 2017, 357, j2099. [CrossRef]

Hippisley-Cox, J.; Coupland, C.A.C.; Bafadhel, M.; Russell, R.E.K.; Sheikh, A.; Brindle, P.; Channon, K.M. Development and
Validation of a New Algorithm for Improved Cardiovascular Risk Prediction. Nat. Med. 2024, 30, 1440-1447. [CrossRef]

Solmi, M.; Fiedorowicz, J.; Poddighe, L.; Delogu, M.; Miola, A.; Heye, A.; Heiberg, L H.; Stubbs, B.; Smith, L.; Larsson, H.;
et al. Disparities in Screening and Treatment of Cardiovascular Diseases in Patients with Mental Disorders Across the World:
Systematic Review and Meta-Analysis of 47 Observational Studies. Am. J. Psychiatry 2021, 178, 793-803. [CrossRef]

Liberati, E.; Kelly, S.; Price, A.; Richards, N.; Gibson, J.; Olsson, A.; Watkins, S.; Smith, E.; Cole, S.; Kuhn, L; et al. Diagnostic
Inequalities Relating to Physical Healthcare among People with Mental Health Conditions: A Systematic Review. eClinicalMedicine
2025, 80, 103026. [CrossRef]

Druss, B.G.; Bradford, W.D.; Rosenheck, R.A.; Radford, M.].; Krumholz, H.M. Quality of Medical Care and Excess Mortality in
Older Patients with Mental Disorders. Arch. Gen. Psychiatry 2001, 58, 565-572. [CrossRef]

Berimavandi, M.; Abbasi, P.; Khaledi-Paveh, B.; Salari, N. Relationship Between Depression and Medication Adherence in Older
Patients with Cardiovascular Disease: A Systematic Review and Meta-Analysis. Health Sci. Rep. 2025, 8, €70703. [CrossRef]
Alvear Veldsquez, M.].; Sandoval Carrién, I.P. Adherence to Psychopharmacological Treatment in Patients with Severe and
Persistent Mental Disorders: A Systematic Review. Rev. Colomb. Psiquiatr. (Engl. Ed.) 2024, 53, 192-205. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390 /medsci14010138


https://doi.org/10.1016/j.cpcardiol.2022.101201
https://doi.org/10.1093/eurheartj/ehaf191
https://doi.org/10.1016/j.heliyon.2024.e32890
https://doi.org/10.1186/s12872-016-0356-6
https://doi.org/10.3389/fpsyg.2025.1592591
https://clinicaltrials.gov/search?cond=AcuteCoronarySyndrome&term=MentalHealth&aggFilters=results:with
https://clinicaltrials.gov/search?cond=AcuteCoronarySyndrome&term=MentalHealth&aggFilters=results:with
https://doi.org/10.1016/S0140-6736(22)01483-0
https://doi.org/10.2147/OAEM.S439423
https://doi.org/10.1136/bmj.j2099
https://doi.org/10.1038/s41591-024-02905-y
https://doi.org/10.1176/appi.ajp.2021.21010031
https://doi.org/10.1016/j.eclinm.2024.103026
https://doi.org/10.1001/archpsyc.58.6.565
https://doi.org/10.1002/hsr2.70703
https://doi.org/10.1016/j.rcpeng.2022.01.004
https://doi.org/10.3390/medsci14010138

	Introduction 
	Methodology of Research 
	Epidemiology and Clinical Phenotypes in MHD–ACS 
	Prevalence Across the ACS Continuum 
	MHDs as Predictors of Incident ACS 
	MHDs as Determinants of Post-ACS Prognosis 
	ACS as a Precipitant of Subsequent Psychiatric Morbidity 

	Depression–ACS 
	Anxiety–ACS 
	PTSD–ACS 
	Schizophrenia–ACS 
	BD-ACS 
	Suicidal Ideation–ACS 
	Methodological Considerations and Sources of Heterogeneity 
	COVID-19-Linked ACS Dynamics 

	Mechanistic Pathways Linking MHD-ACS 
	Chronic Low-Grade Inflammation and Immune Activation 
	Autonomic Nervous System Dysregulation 
	HPA Axis Hyperactivation 
	Platelet Hyperreactivity 
	Endothelial Dysfunction 
	Pharmacological Modulation of Shared Inflammatory Pathways 
	Modulation of Shared Pathways by Psychiatric Pharmacotherapy 
	Anti-Inflammatory Modulation of Shared Pathways 


	Interventions in MHD-ACS Relationship 
	Pharmacological Treatment 
	Psychotherapy and Stress-Reduction Interventions 
	Multidisciplinary and Stepped-Care Models 
	Structured Screening and Diagnostic Pathways 
	Diagnostic Challenges at the ACS–Mental Health Interface 
	Integration into Cardiology Workflow 
	Proposed Post-ACS Screening Algorithm 

	Cardiac Rehabilitation 
	Clinical Evidence on MHD-ACS Axis 
	Clinical Translation Through Risk Prediction Models 
	Systems-Level Disparities in ACS Care Among Patients with MHD 

	Conclusions and Prospects 
	References

