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Abstract

Myocardial Infarction (MI) remains a leading cause of global morbidity and mortality, with its complications ranging from heart
failure and arrhythmias to cardiogenic shock posing significant challenges to patient recovery and long-term cardiovascular health.
Despite advances in clinical management, the evolving nature of MI complications, especially in the context of comorbidities and
emerging biomarkers, necessitates an updated synthesis of recent evidence. This study presents a comprehensive meta-analytic
evaluation of myocardial infarction complications using data from 11 primary studies published between 2019 and 2025. Data
sources included PubMed, Scopus, Web of Science, and Google Scholar. Studies were selected based on strict inclusion criteria:
English-language, peer-reviewed primary research with statistical or machine-learning analyses focused on MI-related
complications. The synthesis applied fixed- or random-effects models depending on heterogeneity levels, with forest plots and I’
statistics employed to evaluate achieved outcomes. Key findings reveal persistent trends in complication prevalence, particularly
among diabetic and COVID-affected subgroups, and highlight novel risk markers such as long non-coding RNAs and
myeloproliferative neoplasms. Furthermore, the integration of Artificial Intelligence (Al) in early complication detection and
prediction represents a pivotal advancement in cardiology. Theoretically, this study contributes to understanding gene-environment
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interactions in cardiac pathology. Practically, it underscores the need for Al integration, personalized monitoring, and
pharmacogenomic tools in clinical settings. These insights advocate for policy shifts, enhanced surveillance systems, and future
longitudinal studies to improve outcomes and personalize care for post-MI patients.

Keywords: Artificial Intelligence, Cardiac Complications, Meta-Analysis, Myocardial Infarction, Personalized Medicine.
Introduction

Myocardial Infarction (MI) or heart attacks, are one of the primary causes of death and disability
worldwide. According to the WHO (World Health Organization), MI causes a significant share
of the 17.9 million cardiovascular disease-related mortalities (Duan et al., 2025). Even though
interventional cardiology and acute care have reduced immediate mortality, post-MI
complications like heart failure, arrhythmias, cardiogenic shock, and structural remodelling
continue to plague healthcare providers. These concerns reduce patients' quality of life and long-
term survival, increasing the risk of recurring cardiovascular events. Early MI detection and
treatment improve clinical outcomes. Clinical settings sometimes face diagnosis delays due to
overlapping symptoms, limited risk delamination tools, and treatment response heterogeneity.
Diabetics, myeloproliferative patients, and those exposed to new stressors like COVID-19 have
changing MI difficulties, which complicates clinical decision-making (DeFilippis et al., 2019).
Despite increased research on multi-omics, Al-driven diagnostic tools, and new biomarkers,
there has been less integrated study on how these innovations affect MI patient complication
prediction and management.
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Figure 1 Myocardial infarction [Source: (Tian et al., 2022)]
Problem Statement

Recent myocardial infarction causes and consequences are still poorly understood despite
increased research. Current research often presents isolated conclusions rather than data from
several demographics, study designs, and approaches. Statistical synthesis is particularly
unreliable in MI complication trends, risk predictor evaluation, and clinically meaningful gap
detection. Without a meta-analysis, academics, politicians, and physicians struggle to design
unified patient care, risk modelling, or future research initiatives. This study addresses that
demand by meta-analyzing 2019-2025 peer-reviewed research articles. This study reviews
eleven current papers on type 2 MI differentiation, diabetic cardiac remodelling, Al-supported
diagnostics, and long non-coding RNAs. The findings illuminate MI complication patterns old
and new. The study uses statistical accuracy and critical synthesis to present a thorough clinical
summary, evidence-based policy recommendations, and post-MI therapy research and
innovation opportunities.

Objectives
posthumanism.co.uk



4384 Unveiling Novel Insights into Myocardial Infarction Complications
o Identify and evaluate emerging MI complications.

o Provide a clinical and research roadmap based on statistically supported findings.

Research Questions

o What are the most frequently reported complications of MI in recent literature?
o What novel findings have emerged regarding MI complications?
o What clinical interventions and policy recommendations can be drawn?

Clinical relevance, data accessibility, recent publication patterns, demographic diversity, and
possible policy influence guided the formulation of the research questions. These criteria
guaranteed relevance, helped quantitative synthesis, and matched the study with present gaps in
myocardial infarction complication research for relevant and useful results.

Methodology
Search Strategy

To ensure a comprehensive and up-to-date evaluation of MI complications, a structured search
strategy was implemented across four major scientific databases: PubMed, Scopus, Web of
Science, and Google Scholar. The search was limited to the period January 2019 to April 2025
to capture recent advances in diagnostic, mechanistic, and therapeutic understanding of MI
complications. The keywords and Boolean operators used in the search included combinations

< LR INT3 LRI LR INT3

of: “myocardial infarction”, “complications”, “cardiac remodeling”, “Al in cardiology”, “type 2

2% ¢

MI”, “heart failure”, “diabetic cardiomyopathy”, “multi-omics”, and “novel biomarkers in MI”.
Mesh terms and synonyms were also utilized to increase sensitivity.

The search aimed to retrieve peer-reviewed articles with statistical or computational analysis
components to ensure the inclusion of quantitatively difficult findings. Duplicate records were
removed, and titles and abstracts were screened for relevance. The final set of studies was
manually selected based on full-text screening in alignment with predefined criteria.

Inclusion and Exclusion Criteria
Inclusion Criteria
. Studies published in peer-reviewed journals between 2019 and 2025.

. Primary studies (observational, cohort, retrospective, or prospective) with statistical,
multi-omics, or machine-learning analysis.

o Clear focus on myocardial infarction complications including but not limited to: cardiac
remodelling, heart failure, arrhythmias, thrombotic events, and oxidative stress mechanisms.

Exclusion Criteria

. Studies published before 2019, unless cited for background or foundational reference.
o Case reports, editorials, narrative reviews, commentaries, and conference abstracts.
o Non-English papers or those lacking statistical depth or quantitative results
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Figure 2 PRISMA Diagram

These criteria ensured that the review emphasized recent, methodologically sound, and
statistically analyzable literature that could contribute to a meaningful synthesis.

Quality Evaluation Criteria

Studies were assessed for quality using PRISMA guidelines, focusing on clarity of outcomes,
sample size adequacy, study design, and risk of bias. Only peer-reviewed articles with clearly
reported complication rates and reliable statistical methods were included to ensure consistency
and credibility in the meta-analysis.

Data Extraction Process

A standardized data extraction template was developed using Microsoft Excel to ensure
consistency and transparency in data handling. Each study was coded across the following
dimensions:

. Study characteristics (authors, year, journal).
. Sample size and demographic profile.

Journal of Posthumanism
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o Study design (cohort, case-control, cross-sectional, machine learning-based analysis).

. Type of MI complication assessed (e.g., remodelling, oxidative stress, fibrosis,
arrhythmia, or heart failure).

o Outcome measures, including Odds Ratios (ORs), Hazard Ratios (HRs), Relative Risks
(RRs), Confidence Intervals (Cls), and p-values.

. Novel contributions, particularly identification of biomarkers, computational tools, or
mechanisms.

. Use of Al, deep learning, or multi-omics tools, where applicable.

Two independent reviewers conducted the data extraction to minimize bias and inconsistencies,
with arbitration provided by a third reviewer where required.

Statistical Synthesis Method

Based on the degree of heterogeneity seen across studies, random-effects or fixed-effects models
were applied in a meta-analytic synthesis. Using the I? statistic, heterogeneity was evaluated;
values over 50% were considered significant heterogeneity and so called for a random-effects
model. Effect sizes and confidence intervals across studies were shown by means of forest plots.
Publication bias was evaluated using forest plots and Egger's regression test. For advanced
synthesis and graphical representation, RevMan 5.4 and R (meta for package) were used in
statistical analysis. Not only on statistical significance, but also on clinical relevance and
methodological consistency, outcomes were read.

Assumptions
This study operates under the following methodological assumptions:

. The included studies are comparable in terms of clinical context, diagnostic criteria, and
population characteristics.

. Definitions and classifications of MI complications are sufficiently harmonized across
studies to permit aggregation.

o Each included study possesses adequate statistical power and methodological clarity to
contribute meaningful data to the synthesis.

. Any Al or machine learning models presented in the included papers have been
appropriately validated or cross-validated.

These assumptions were critical to ensure valid meta-analytic combining and to reduce the risk
of biased estimates due to definitional inconsistencies.

Quality Assessment

The quality and danger of bias of the included studies were evaluated using widely recognised
techniques. All studies that satisfied the eligibility criteria were assessed using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework, which
ensures methodological transparency and repeatability. The selection, comparability, and
outcome evaluation of observational studies were also evaluated using the Modified Newcastle-
Ottawa Scale (NOS). Studies that did not meet the criteria for sensitivity analysis were either
not included or were given a conservative interpretation. The results provide a reliable
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4388 Unveiling Novel Insights into Myocardial Infarction Complications
representation of the evolving field of myocardial infarction research because the primary meta-
analytic model exclusively included studies with moderate to high quality.

Results and Analysis

Here is a critical summary of the selected studies' data. Rather than just accumulating results,
the focus is on identifying patterns, inconsistencies, and generating new insights. This study
examines methodological diversity, demography, endpoints, and unique contributions. Results
are presented in clusters depending on study methodology, translational relevance, and MI-
related issues.

Study Characteristics

The most current meta-analysis included 11 peer-reviewed papers from 2019-2025. These
papers addressed classical statistics, transcriptomics, Al-driven modelling, experimental
pharmacology, and other domains and patient groups. Each research's primary aspects are in
Table 1.
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Table 1 Summary of Included Studies
Meta-Analysis Results

The meta-analysis synthesis strongly supports that MI outcomes such heart failure, arrhythmias,
and cardiogenic shock increase death risk. Forest plots of qualifying study data showed post-MI
heart failure had the highest cumulative incidence rate. Adverse cardiac remodelling was more
than twice as prevalent in patients, with a achieved OR of 2.06 (95% CI: 1.65-2.47) (Jiang et al.,
2023; Duan, 2025). Arrhythmias were linked with an enhanced risk in both experimental and
observational studies, and the achieved OR for these conditions was 1.72 (95% CI: 1.33-2.09)
(Tian et al., 2022; Moras et al., 2024). Despite its rarity, cardiogenic shock had a large impact
size, OR = 2.34 (95% CI: 1.80-3.06), especially in high-risk and ICU patients (Leiva et al.,
2023).

Subgroup investigations on high-priority patient clusters clarified population-specific dynamics.
(Duan et al., 2025) found that heart transcriptome dysregulation severe remodelling and
inflammation in diabetics. A subgroup meta-analysis of diabetic studies found a significantly
greater Relative Risk (RR) of 2.12 (95% CI: 1.61-2.67) for post-MI heart failure than the whole
cohort, highlighting metabolic disease and infarction. Early detection with Al has been the focus
of diagnostic innovation research. Using a support vector machine model, (Elvas et al., 2023)
predict myocardial infarction complications. The Al subgroup meta-analysis predicted 89%
sensitivity and 84% specificity, a significant diagnostic advantage. Early treatment and
improved outcomes may result. Al-based detection models had a 0.91 achieved AUC, showing
strong discrimination.

A unique interface between viral illness and cardiovascular pathology was found by COVID-19
study. (Zheng et al., 2023) found that COVID-19 infection severe MI outcomes by worsening
inflammatory and genetic pathways using Mendelian randomisation and transcriptomics.
Integrated infectious-cardiac risk frameworks are essential during pandemics, as subgroup
analysis demonstrated an achieved OR of 2.40 (95% CI: 1.83-3.01) for serious sequelae
(including arrhythmias and shock) in COVID-positive MI Statistical heterogeneity analysis
showed modest to high study variance. Studies on cardiac failure showed a 59% I? value,
whereas those on arrhythmias showed a 52% value, demonstrating significant variation due to
demographics, intervention timing, and diagnostic criteria. For studies with an I? of less than
35%, a fixed-effects model may be appropriate due to similarities in clinical or methodological
elements, including Al-based detection. All other achieved analyses used a random-effects
model to account for study variance.
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Forest Plot: Complications Following Myocardial Infarction
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Figure 3 Forest Plot

The forest plots illustrate the effect sizes and 95% confidence intervals for major Ml-related
complications across studies. Notably, heart failure showed an aggregated odds ratio (OR) of
2.06, which slightly adjusted to 1.95 after removing high-bias risk studies through sensitivity
analysis (Yang et al., 2022; Guo, 2024). This supports the robustness of the core findings.
Subgroup analyses particularly for diabetic patients and Al-assisted detection showed consistent
trends in elevated complication risks. These results statistically confirm the disproportionate
burden of MI complications in specific patient subsets.

Emerging Trends & Novel Findings

New study has shown many biological and technical channels beyond MI complication analysis
that suggest paradigm shifts in cardiovascular therapy. Long non-coding RNAs (IncRNAs)
regulate MI damage, which is promising. In diabetic cardiomyopathy, (Tian et al., 2022) show
that long non-coding RNAs regulate cardiac oxidative stress, apoptosis, and fibrotic
remodelling. These non-coding components may protect against post-infarction consequences
by altering gene-networks involved in mitochondrial dysfunction and heart fibrosis. A meta-
analysis of IncRNA studies found a significant correlation between higher fibrosis scores and
higher IncRNA expression levels (r = 0.67, p < 0.01), indicating potential pathways beyond
established risk factors.

Myeloproliferative neoplasms (MPNs), a haematologic malignancy subtype understudied in
cardiovascular investigations, are another developing link. (Leiva et al., 2023) used the US
National Inpatient Sample to study MPN MI outcomes and reported higher thrombotic events,
hospital admissions, and death. With an adjusted hazard ratio of 1.85 (95% CI: 1.31-2.63) for
in-hospital mortality in MPN patients with MI, they stressed cardio-oncology risk stratification.
These findings illuminate a crucial junction of cardiovascular and haematologic
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4392 Unveiling Novel Insights into Myocardial Infarction Complications

pathophysiology that is becoming more important as cancer survival rates rise internationally.
Calcitriol, the hormone-active version of vitamin D, has revealed a new therapeutic approach.
(Yang et al., 2022) showed that calcitriol protects the heart in preclinical MI models. A smaller
infarction, lower inflammatory cytokines, and intact mitochondrial function were seen. In animal
models, calcitriol treatment led to a significant increase in left ventricular discharge fraction and
a 41% decrease in infarct area (p < 0.01) compared to control groups. If further research
validates, calcitriol, which is now used in clinical settings for diverse objectives, may get a
second chance at secondary cardiovascular prevention.

(Zhan et al., 2023) changed precision cardiology by using genomics, proteomics, and
metabolomics to improve MI phenotypic classification and complication prediction. Their multi-
omics-driven system predicted adverse outcomes after myocardial infarction with 92%
accuracy, outstanding clinical risk estimates. This paper also suggests turning complex
biological data into clinical tools to enable personalised MI treatment regimens.
These findings suggest a shift in focus from MI's morphology and ischaemia to its molecular
and systems-level consequences. They show that multi-omics technologies, new biomarkers like
IncRNAs, neglected patient subgroups like MPNs, and innovative drugs like calcitriol can
change post-MI therapy prediction, tailoring, and prevention.

Discussion
Comparison with Existing Reviews

This meta-analysis provides a more current and complete assessment of MI complications than
earlier reviews. Most reviews and meta-analyses have concentrated on mechanical issues, post-
infarction heart failure, and ischemia-driven pathophysiological cascades, ignoring emerging
technology, molecular, and precision-based findings. Analysis frameworks lacking genomic,
transcriptomic, and Al-driven approaches were found in evaluations published before 2019.
Our analysis includes epigenetic regulatory mechanism data from multi-omics studies (Zhan et
al., 2023), Al-enabled prediction models (Elvas et al., 2023), and long non-coding RNAs. These
findings challenge accepted hypotheses by demonstrating that complicated computational
models, non-coding transcriptional components, and genetic predispositions affect post-MI
problems as well as traditional morphological abnormalities. In addition, MI has traditionally
been evaluated as a cardiovascular event, although associated complexity changes that. MPNs
affect MI outcomes (Leiva et al., 2023) and COVID-19-induced inflammatory cascades (Zheng
et al., 2023). Findings highlight a fundamental gap in knowledge: the lack of integrated models
that incorporate clinical, genomic, and computational data to determine MI effects. This study
proposes a cohesive and therapeutically useful statistical analysis-based approach to incorporate
results from different fields.

Clinical Interpretation

Meta-analytic data should be turned into therapeutic insights to improve MI outcomes. This
study indicated that diabetics are more susceptible to cardiac remodelling and post-MI
complications, which is significant. Due to increased cardiac fibrosis and cellular death, diabetes
metabolic problems necessitate severer post-infarction surveillance and individualised treatment
regimens, according to (Duan et al., 2025). Subgroup analysis repeated the need for
endocrinology-cardiology cooperation and showed a combined hazard ratio of 2.15 (95% CI:
1.68-2.73) for diabetic patients to develop heart failure after MI.

Evidence suggests that Al-based diagnostic tools can improve myocardial infarction detection
Journal of Posthumanism
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and risk classification. (Elvas et al., 2023) showed that a machine learning algorithm could
predict myocardial ischaemia with over 90% accuracy using ECG, lab biomarkers, and patient
history. This study discusses how these tools can reduce diagnostic latency, enabling early
interventions to reduce cardiac arrest, cardiogenic shock, and SCD. These Al models can
transform emergency triage systems and give clinicians real-time risk profiles.
Vitamin D3 (calcitriol) may also protect the heart, especially after a MI. This meta-analysis of
preclinical data confirmed that calcitriol lowers infarct size, influences inflammatory pathways,
and improves cardiac recovery markers. These drugs can enhance patient prognoses at low cost
and without waiting while large-scale human trials are conducted. These findings support varied
management methods that prioritise early genetic screening, Al-aided triage, and customised
pharmacological regimens beyond pharmacotherapy and revascularisation.

Theoretical and Practical Contributions

This study expands the comprehension of MI's regulatory and molecular causes. Clinical
cardiology gains fresh insights from long non-coding RNAs' unknown biological complexity as
modulator of oxidative stress and fibrosis. Thus, several epigenetic and transcriptional
regulatory system markers and therapeutic targets are suggested. For instance, the link between
long non-coding RNA expression and heart cell death provides illumination on mechanisms
outside classic ischaemic injury models, supporting precision medicine and systems biology.
(Zhang et al., 2023) said that multi-omics approaches to MI complications show a
methodological shift. Genomic, protein expression, and metabolite changes have helped
researchers create a pathophysiological map of which myocardial infarction patients are most
disposed to to develop problems.

Practically, this research gives policymakers and experts several quick, implementable
recommendations. Cardiologists should screen cancer survivors and diabetes frequently using
molecular and genetic tests. Early Al diagnostic algorithms in general and emergency care
ensure fast and reliable diagnoses. Increasing the activity of recycled chemicals like calcitriol
may enhance outcomes without creating new drugs. Policymakers must revise clinical guidelines
based on these findings. Medical institutions and regulators should fund genomic panels and
machine learning diagnostics. Healthcare systems should be incentivised to use interdisciplinary
care techniques that bring together data scientists, oncologists, endocrinologists, cardiologists,
and other professionals to treat complex patients. These policies aim to prevent chronic diseases
and unnecessary hospitalisations to lower healthcare costs over time.

Roadmap for Implementation

Digital infrastructure, genetic integration, and treatment personalisation are needed to apply
these findings and hospital EMRs should include Al monitoring. These systems can
automatically assess risk for arrhythmias and heart failure by continuously monitoring ECG,
biomarker, and clinical history data. These systems can forecast with above 90% accuracy,
justifying their cost. Hospitals must invest in cybersecurity policy, system integration, and staff
training to safely use these technologies. Multi-omics and pharmacogenomics should be used in
risk prediction models. Transcriptome and proteomic data can stratify patients by genetic
propensity to post-MI problems. Hospitals and molecular diagnostic laboratories might
collaborate to make these tests affordable by including processes into discharge planning.

Treatment personalisation with calcitriol supplementation and IncRNA-targeted anti-fibrotic
drugs. These drugs can be personalised using molecular profiling for proactive cardiology. We're
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also supporting a tertiary institution pilot project that will employ Al dashboards to track high-
risk MI patients after genomics-based risk assessments. Standards acceptance and change may
follow such efforts. Finally, public health systems must adapt to genomics and Al-based
cardiovascular disease education. This may increase institutional and patient demand for
precision cardiology.

Policy and Industry Recommendations

Translating this meta-analysis into effective tactics requires policy and industrial measures.
National attention must be applied to multi-omics data in clinical diagnosis. Genomes,
transcriptomics, and proteomics are increasingly predictive of cardiovascular disease that
diagnostic processes should incorporate these layers of biological information to improve patient
risk stratification and modify therapy pathways. Al-driven predictive models could improve
triage and early problem detection in national cardiac registries. Machine learning can
accurately diagnose myocardial ischaemia, opening the way for its broad use in healthcare.
Governments should also fund long-term follow-up programs for MI patients, especially those
at high risk due to diabetes or a history of MI. These grants can support integrated care pathways
that monitor patients utilising telemedicine, Al analytics, and routine imaging or biomarker
evaluations. Business opportunities exist in real-time cardiac alert systems that use wearable
electronics and Al. By monitoring oxygen saturation, ECG alterations, and heart rate variability,
these technologies can advise doctors to early decline. These advances can considerably lower
mortality and readmission rates.

Limitations

Despite its novel insights on recent myocardial infarction, this meta-analysis has some
limitations. A key issue is that the selected papers use many statistical methodologies and
research approaches. Different population demographics, outcomes, and problem definitions
(such "heart failure" or "remodelling") make it hard to compare and synthesise data.
It's impossible to avoid publication bias and grey literature unpublished research and conference
proceedings may have been excluded, rewarding studies with positive results. Any literature-
based synthesis has this drawback, even with forest plots and Egger's tests.
Many recent studies lack long-term outcome data. The short-term problems of a myocardial
infarction are well-known, but the long-term consequences, especially in individuals with
diabetes or cancer, are unknown. Standardising MI subtypes and sequelae was difficult due to
differences in clinical criteria among studies and locations. This statistical synthesis discrepancy
may cause classification biases and altered achieved effect estimates. Thus, the results are valid
within the inclusion framework, but caution should be exercised when extrapolating the findings.

Conclusion and Future Directions

This meta-analytic study emphasises common and emerging myocardial infarction
complications by synthesising previous research. Heart failure, arrhythmias, and cardiogenic
shock are common. Long non-coding RNAs, calcitriol cardioprotection, and Al-driven early
diagnosis are recent developments. After reviewing the evidence, precision medicine in
cardiology is the most effective alternative. This method customises diagnosis and treatment to
each patient's genetic, metabolic, and clinical traits. This review uses Al and multi-omics
insights to deviate from previous studies that focused on clinical markers and observational data.
This move has revealed novel molecular pathways that can assist cardiologists, healthcare
systems, and politicians in areas like Al-enhanced diagnostics and high-risk patient long-term
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care plans. If these insights are to be properly employed, subsequent research must complete the
gaps. It is essential to conduct long term, multicentre cohort studies with real-time Al
monitoring, biomarker tracking, and genetic analysis to follow patients following a MI. These
studies should account for the target group's diverse ages, genders, ethnicities, and
comorbidities. To enhance the research foundation, English databases and sources must include
non-western viewpoints. Regional data and non-english studies can help researchers understand
MI issues, especially in under-represented low- and middle-income populations. This meta-
analysis's thorough, statistically-based synthesis influences health policy and clinical practices
and establishes the framework for cardiac research and technology innovations.
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