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Background: Acute myocardial infarction (AMI) patients with prior malignancy
have been largely understudied, despite potentially facing higher risks of adverse
outcomes. This case-control study aimed to identify independent risk factors for
in-hospital mechanical complications among AMI patients with prior
malignancies.
Methods: This study enrolled AMI patients with prior malignancy who were
hospitalized for treatment. Patients were divided into complication and
control groups based on the occurrence of in-hospital mechanical
complications. The mechanical complications in this study were defined as
papillary muscle rupture (with or without acute mitral regurgitation),
ventricular septal defect, large pericardial effusion, left ventricular
pseudoaneurysm, and free wall rupture. Relaxed least absolute shrinkage and
selection operator (LASSO) logistic regression was used to identify independent
risk factors, and Shapley Additive Explanations (SHAP) analysis was employed to
evaluate factors. A predictive nomogramwas developed based on risk factors and
evaluated through internal validation using Bootstrap method with Brier score.
Results: A total of 127 AMI patients with prior malignancy were included, among
whom 26 (20.5) were divided in the complication group. The in-hospital mortality
was higher in the complication group compared to the control group [2 (7.7%) vs.
0 (0.0%), P = 0.041]. Following baseline analysis, LASSO logistic regression
identified six independent risk factors, ranked by SHAP values as follows: body
mass index, D-dimer, pulmonary hypertension, wall motion abnormalities,
ventricular arrhythmia, and statin use. The nomogram, constructed by these
factors, demonstrated good predictive performance, with a Brier score of 0.116 in
the internal validation.
Conclusion: This study highlights key clinical predictors for mechanical
complications in AMI patients with prior malignancy. The long-term usage of
statins might benefit this specific patient population even after the onset of AMI.
The proposed nomogram offers a practical tool for early risk assessment andmay
support improved clinical decision-making.

KEYWORDS

acute myocardial infarction, malignancy, mechanical complications, prediction
model, nomogram

OPEN ACCESS

EDITED BY

Zhi-Ren Zhang,
Harbin Medical University, China

REVIEWED BY

Hai Lian Bi,
Dalian Medical University, China
Erpeng Liang,
Fuwai Central China Cardiovascular Hospital,
China

*CORRESPONDENCE

Yang Yan,
yangyan3@xjtu.edu.cn

†These authors have contributed equally to this
work and share first authorship

RECEIVED 09 June 2025
ACCEPTED 04 August 2025
PUBLISHED 25 August 2025

CITATION

Zhao C, Yang C and Yan Y (2025) Risk prediction
of mechanical complications in acute
myocardial infarction patients with
prior malignancy.
Front. Pharmacol. 16:1643770.
doi: 10.3389/fphar.2025.1643770

COPYRIGHT

© 2025 Zhao, Yang and Yan. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology frontiersin.org01

TYPE Original Research
PUBLISHED 25 August 2025
DOI 10.3389/fphar.2025.1643770

https://www.frontiersin.org/articles/10.3389/fphar.2025.1643770/full
https://www.frontiersin.org/articles/10.3389/fphar.2025.1643770/full
https://www.frontiersin.org/articles/10.3389/fphar.2025.1643770/full
https://www.frontiersin.org/articles/10.3389/fphar.2025.1643770/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2025.1643770&domain=pdf&date_stamp=2025-08-25
mailto:yangyan3@xjtu.edu.cn
mailto:yangyan3@xjtu.edu.cn
https://doi.org/10.3389/fphar.2025.1643770
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2025.1643770


1 Introduction

As a significant global public health issue, cancer presents an
exceptionally high disease burden, resulting in approximately
600,000 deaths in the United States in 2020 (Schwartz, 2024).
However, studies have found that conventional chemotherapy may
adversely impacts the cardiac and vascular systems when
effectively suppressing tumor cells. Furthermore, thoracic
radiotherapy employed for treating primary or metastatic
cancers of the mediastinum and thorax is also associated with
various forms of heart disease (Madias, 2023). The treatment of
tumors can lead to abnormalities in several cardiovascular markers
such as lipid levels, blood pressure, and cardiac enzymes,
consequently, patients with tumors are at an elevated risk for
developing cardiovascular diseases. Furthermore, advancements in
cancer treatment have contributed to a decline in mortality rates,
thereby increasing the life expectancy of cancer survivors. A
substantial number of individuals with active malignancies or
prior malignancy are more likely to experience cardiovascular
diseases, which has become another emerging cause of death
among cancer patients (Ward et al., 2012).

Among the cardiovascular complications, acute myocardial
infarction (AMI) warrants particular attention. The risk of AMI
is three times higher in cancer patients compared to those without
cancer (Panday et al., 2023). The complex clinical presentations and
therapeutic challenges associated with this condition often render
single-targeted diagnostic and treatment strategies—whether
focused on AMI or malignancy—insufficient to achieve optimal
outcomes. This highlights the critical need to carefully balance
oncologic therapy with cardiovascular protection, which poses a
significant challenge for clinicians who must consider the intricate
interplay between these conditions while formulating individualized
therapeutic regimens.

Mechanical complications—such as papillary muscle rupture,
ventricular septal defects, and free wall rupture—are life-threatening
conditions resulting from structural damage to the myocardium due
to myocardial necrosis (Damluji et al., 2021). Although the
incidence of these complications has significantly declined in the
era of coronary reperfusion therapy, they remain associated with
high mortality rates (Murphy and Goldberg, 2022). Studies have
shown that in the United States, the incidence of mechanical
complications following ST-segment elevation myocardial
infarction was 0.27%, with an in-hospital mortality rate of 42.4%.
For non-ST-segment elevation myocardial infarction, the
corresponding data were 0.06% and 18.0%, respectively (Espinoza
Alva et al., 2022). Furthermore, both surgical and percutaneous
interventions for mechanical complications are highly complex and
require coordinatedmanagement by a multidisciplinary team. Given
the high risk and time-sensitive nature of these conditions, prompt
prediction of is crucial to reducing the risk of mortality in this special
kind of patients.

Current studies have generally paid limited attention to AMI
patients with prior malignancy, who may be at higher risk for
adverse outcomes. This study aimed to investigate AMI patients
with prior malignancy by stratifying them into complication and
control group. The objective was to identify independent risk factors
present at admission that could predict the development of
mechanical complications during hospitalization.

2 Methods

2.1 Patient enrollment

This case-control study enrolled AMI patients who had prior
malignancy and were hospitalized at the First Affiliated Hospital of
Xi’an Jiaotong University between January 2021 and December
2024. The diagnosis of AMI was established in accordance with
the criteria outlined in the guidelines from the European Society of
Cardiology. The exclusion criteria were as follows: (1) incomplete
clinical data that could not confirm the AMI diagnosis; (2)
uncertainty regarding the benign or malignant nature of the
tumor; (3) missing critical data that could not be supplemented
using appropriate statistical imputation methods.

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Xi’an Jiaotong University (No.
XJTU1AF2025LSYY-606) and was conducted in accordance with
the Declaration of Helsinki. The Ethics Committee granted a waiver
for informed consent to this study due to the retrospective design.

2.2 Data collection and grouping

Basic demographic information (including age and gender),
comorbidities (including hypertension, type 2 diabetes mellitus,
etc.), biochemical parameters (including blood counts,
coagulation-related markers, cardiac enzymes, etc.),
electrocardiogram, echocardiographic findings and long-term
medications used prior to admission were retrieved from the
Biobank of the First Affiliated Hospital of Xi’an Jiaotong University.

Patients were categorized into either the complication group or
the control group based on the occurrence of in-hospital mechanical
complications. The mechanical complications in this study were
defined as follows: papillary muscle rupture (with or without acute
mitral regurgitation), ventricular septal defect, large pericardial
effusion, left ventricular pseudoaneurysm, and free wall rupture
(Damluji et al., 2021; Yoon et al., 2021).

2.3 Statistical analysis

Missing data were handled using multiple imputation
techniques. Continuous variables that followed a normal
distribution were summarized as mean ± standard deviation and
compared between groups using Student’s t-test. Variables with
non-normal distributions were presented as median and
interquartile range (25th–75th percentiles) and analyzed using
the Mann–Whitney U test. Categorical variables were reported as
absolute frequencies and percentages, and group comparisons were
performed using the chi-square test or Fisher’s exact test, as
appropriate. Variables with a P value <0.10 in the baseline
analysis were entered into a relaxed least absolute shrinkage and
selection operator (LASSO) logistic regression model to identify
independent risk factors associated with the development of
mechanical complications. Considering the limited sample size,
10-fold cross-validation was performed using the lambda.1se
criterion to select a more parsimonious model. To enhance the
interpretability of the final model and to provide both global and
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local insights into its predictions, Shapley Additive Explanations
(SHAP) analysis was employed. Grounded in cooperative game
theory, this approach assigns each feature an importance value
for a specific prediction. The SHAP values were calculated based
on the final relaxed LASSOmodel selected through cross-validation.
Selected predictors were then used to construct a nomogram for
potential clinical application. The discriminative ability of the model
was evaluated using the receiver operating characteristic curve. To
assess the robustness of the model on the training set, internal
validation was performed using the Bootstrap method with
1,000 resamples. The area under the curve (AUC) and its 95%
confidence interval (CI) were calculated for both the original and
bootstrap-corrected models. Calibration curves were used to
evaluate the agreement between predicted probabilities and actual
outcomes, showing the calibration performance of both the original
and bootstrap-corrected models. Additionally, decision curve
analysis was employed to assess the potential clinical utility of
the model. The results of the internal validation were evaluated
using the Brier score. Statistical analyses were conducted using SPSS
software (version 27.0, IBM Corp., Chicago, IL, United States) and R
software (version 4.1.1, R Foundation for Statistical Computing,
Vienna, Austria). A two-sided P value <0.05 was considered
statistically significant.

3 Results

3.1 Baseline characteristics

A total of 10,210 patients were screened, of whom 127 (1.24%)
AMI patients with prior malignancy were finally included. Among
these patients, 26 patients developed mechanical complications. The
baseline clinical characteristics of the two groups were summarized
in Table 1. Compared to the control group, the complication group
had a significantly higher proportion of patients with pulmonary
hypertension (PH) [6 (23.1%) vs. 2 (2.0%), P < 0.001], as well as a
greater prevalence of diuretic use [14 (53.8%) vs. 32 (31.7%), P =
0.036]. Additionally, the complication group showed lower use of
angiotensin-converting enzyme inhibitors [3 (11.5%) vs. 35 (34.7%),
P = 0.022] and statins [21 (80.8%) vs. 96 (95.0%), P = 0.030]
compared to the control group. In terms of laboratory findings,
patients in the complication group had significantly lower levels of
pro-brain natriuretic peptide (pro-BNP) [2,419.71
(533.58–7,606.75) vs. 7,606.75 (335.70–2,593.50) pg/mL, P =
0.049]. In contrast, D-dimer levels [1.05 (0.65–4.04) vs. 0.71
(0.39–1.26) μg/mL, P = 0.015] were significantly elevated in the
complication group. It is worth noting that no significant differences
in specific types of malignancy were observed between the
complication and control groups, which might be attributed to
the limited sample size.

Notably, in-hospital mortality was significantly higher in the
complication group compared to the control group [2 (7.7%) vs. 0
(0.0%), P = 0.041]. Among the two fatal cases, one patient showed
preoperative echocardiographic evidence of a left ventricular
aneurysm and wall motion abnormalities. During coronary
angiography, the patient suddenly developed ventricular
fibrillation and hypotension. Subsequent echocardiography
revealed a large pericardial effusion, suggesting cardiac rupture.

The other patient was implanted with an intra-aortic balloon pump
after admission and exhibited wall motion abnormalities with an
LVEF of 38% on echocardiography. Approximately 1 h after
percutaneous coronary intervention, the patient suddenly lost
consciousness. Electrocardiography showed electromechanical
dissociation, leading to suspicion of free wall rupture.

3.2 LASSO-logistic regression and
SHAP analysis

A heatmap was used to visualize the correlations among
variables that showed a P value <0.010 in the baseline analysis
(Figure 1). As in-hospital mortality typically occurred following the
development of mechanical complications, it was excluded from the
following selection. Other variables were further evaluated using
LASSO logistic regression. At lambda.1se = 0.0778, six independent
risk factors were identified: body mass index (BMI), wall motion
abnormalities, PH, ventricular arrhythmia, D-dimer level, and usage
of statins (Figure 2; Table 2).

The SHAP analysis revealed feature-specific risk patterns
(Figure 3). The beeswarm plot demonstrated individualized
predictor effects and interaction dynamics (Figure 3A). BMI
(mean |SHAP| = 0.0826) emerged as the most influential
determinant, followed by D-dimer levels (mean |SHAP| =
0.0505), pulmonary hypertension (PH, mean |SHAP| = 0.0423),
wall motion abnormalities (mean |SHAP| = 0.0149), and ventricular
arrhythmia (mean |SHAP| = 0.0107). Statin use demonstrated
minimal protective effects (mean |SHAP| = 0.0048) (Figure 3B).
The feature dependency plots further quantified the nonlinear
relationships between key predictors and model outcomes, with
SHAP contributions uncovering clinically significant
thresholds (Figure 3C).

3.3 Construction of nomogram

A nomogram was developed based on the six identified variables
to predict the likelihood of mechanical complications occurring
during hospitalization, using baseline characteristics at admission
(Figure 4). Each of the six variables was assigned a corresponding
single score according to its clinical and biochemical status. By
summing all the single scores, a total score was obtained, which
corresponded to the predicted probability of mechanical
complications.

The area under the AUC for the nomogram prediction model
was 0.858 (95% CI: 0.761–0.956). After internal validation using
Bootstrap resampling, the AUC was 0.858 (95% CI: 0.762–0.947).
These results indicated that the predictive performance of
nomogram remained stable even under resampling (Figures
5A,B). The calibration curve indicated that the model had good
predictive consistency. After bootstrap internal validation, the
model remained well-calibrated, suggesting that its predicted
probabilities were stable and reliable, with no evidence of
significant overfitting (Figures 5C,D). Bootstrap internal
validation resulted in a Brier score of 0.116, indicating
satisfactory model calibration and close alignment between
predicted probabilities and observed rates. However, the relatively
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TABLE 1 Baseline characteristics and in-hospital outcomes of two groups.

Items Total (n = 127) Complication group (n = 26) Control group (n = 101) P Value

Age (years) 68.46 ± 9.26 66.96 ± 9.82 68.85 ± 9.12 0.356

Gender (male, %) 100 (78.70) 18 (69.20) 82 (81.20) 0.184

BMI (kg/m2) 24.51 ± 3.63 21.93 ± 3.05 25.17 ± 3.48 <0.001

Smoking (%) 45 (35.40) 8 (30.80) 37 (36.60) 0.577

Drinking (%) 22 (17.30) 5 (19.20) 17 (16.80) 0.775

Heart rates (beats/min) 77 (69, 88) 78 (73, 100) 75 (68, 87) 0.107

STEMI (%) 11 (8.70) 4 (15.40) 7 (6.90) 0.234

Killip Ⅲ/Ⅳ (%) 76 (59.80) 15 (57.70) 61 (60.40) 0.802

Types of malignancy (%) 0.721

Lung 32 (25.2) 10 (38.5) 22 (21.8)

Digestive tract 34 (26.8) 6 (23.1) 28 (27.7)

Digestive gland 8 (6.3) 2 (7.7) 6 (5.9)

Urinary system 21 (16.5) 3 (11.5) 18 (17.8)

Neck 12 (9.4) 1 (3.8) 11 (10.9)

Female reproductive system 6 (4.7) 1 (3.8) 5 (5.0)

Breast 13 (10.2) 3 (11.5) 10 (9.9)

Thymus gland 1 (0.8) 0 (0) 1 (1.0)

Comorbidities (%)

Hypertension 76 (59.80) 15 (57.70) 61 (60.40) 0.802

T2DM 35 (27.60) 6 (23.10) 29 (28.70) 0.556

Hyperlipidemia 9 (7.10) 2 (7.70) 7 (6.90) >0.999

CKD 5 (3.90) 0 (0) 5 (5.00) 0.582

Echocardiology (%)

LVEF 49.02 ± 13.58 44.65 ± 13.30 50.14 ± 13.49 0.066

Wall motion abnormalities 77 (60.6) 20 (76.9) 57 (56.4) 0.057

PH 8 (6.30) 6 (23.10) 2 (2.00) <0.001

ECG (%)

Ventricular arrhythmia 5 (3.90) 3 (11.50) 2 (2.00) 0.058

Atrioventricular block 11 (8.70) 3 (11.50) 8 (7.90) 0.695

Biochemical results

Glucose (mmol/L) 6.87 (5.53, 8.77) 6.98 (5.12, 10.45) 6.82 (5.57, 8.77) 0.876

HbA1c (%) 6.00 (5.50, 6.80) 5.95 (5.45, 8.03) 6.10 (5.50, 6.80) 0.629

Hb (g/L) 129.18 (118.00, 142.18) 121.23 (108.50, 140.25) 132.00 (119.50, 143.50) 0.094

WBC (10̂9/L) 7.56 (5.83, 10.12) 6.42 (4.93, 9.78) 7.83 (6.22, 10.19) 0.160

NEU (10̂9/L) 5.56 (3.99, 7.91) 4.36 (3.56, 7.40) 5.72 (4.32, 8.08) 0.130

NEU% (%) 73.76 ± 10.99 72.66 ± 12.05 74.05 ± 10.74 0.567

LYMPH (10̂9/L) 1.22 (0.99, 1.62) 1.19 (0.80, 1.66) 1.26 (1.00, 1.59) 0.558

LYMPH% (%) 16.49 (11.31, 23.85) 16.23 (11.78, 27.55) 16.49 (10.74, 23.85) 0.937

(Continued on following page)
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TABLE 1 (Continued) Baseline characteristics and in-hospital outcomes of two groups.

Items Total (n = 127) Complication group (n = 26) Control group (n = 101) P Value

NLR 4.57 (2.87, 7.14) 4.64 (2.23, 6.98) 4.57 (2.87, 7.78) 0.849

CRP (mg/L) 18.50 (10.00, 33.60) 21.29 (10.00, 43.25) 17.24 (10.00, 30.57) 0.200

hs-CRP (mg/L) 0.50 (0.09, 2.03) 0.44 (0.11, 1.86) 0.54 (0.09, 2.04) 0.805

PCT (ng/mL) 0.11 (0.05, 0.36) 0.18 (0.07, 0.34) 0.10 (0.05, 0.38) 0.505

AST (U/L) 38.00 (24.00, 82.00) 33.00 (21.00, 76.75) 43.00 (24.50, 96.50) 0.344

ALT (U/L) 27.00 (19.92, 42.00) 25.00 (17.50, 36.89) 27.00 (20.50, 42.50) 0.455

Total protein (g/L) 63.26 ± 7.16 62.45 ± 6.66 63.45 ± 7.30 0.557

Albumin (g/L) 37.04 ± 5.73 36.45 ± 5.56 37.18 ± 6.49 0.589

Globulin (g/L) 26.22 ± 4.29 26.00 ± 6.03 26.27 ± 3.79 0.845

A/G 1.42 (1.24, 1.61) 1.47 (1.13, 1.64) 1.41 (1.27, 1.61) 0.988

eGFR (mL/min/1.73m2 89.26 (72.22, 96.36) 80.74 (57.89, 91.34) 90.08 (76.59, 97.50) 0.141

Cr (umol/L) 67.00 (54.00, 86.00) 69.00 (53.25, 96.75) 67.00 (48.00, 83.00) 0.817

BUN (mmol/L) 6.05 (4.57, 7.33) 6.43 (5.01, 7.27) 5.61 (4.56, 7.38) 0.533

LDL (mmol/L) 2.36 ± 0.90 2.56 ± 0.98 2.31 ± 0.88 0.216

HDL (mmol/L) 0.95 ± 0.24 0.96 ± 0.24 0.94 ± 0.22 0.706

TG (mmol/L) 1.18 (0.78, 1.88) 1.07 (0.79, 1.64) 1.21 (0.77, 2.10) 0.590

TC (mmol/L) 4.17 ± 1.17 4.12 ± 1.17 4.36 ± 1.20 0.145

Pro-BNP (pg/mL) 1,644.00 (336.00, 3,556.00) 2,419.71 (533.58, 7,606.75) 7,606.75 (335.70, 2,593.50) 0.049

hs-cTnT (ng/dL) 0.50 (0.09, 2.03) 0.44 (0.11, 1.86) 0.54 (0.09, 2.04) 0.630

CK-MB (U/L) 26.00 (14.00, 91.20) 24.95 (13.78, 57.25) 32.00 (13.80, 91.46) 0.626

CK (U/L) 252.00 (82.00, 778.00) 184.00 (69.75, 638.74) 289.00 (87.50, 798.50) 0.283

LDH (U/L) 271.00 (218.00, 409.00) 270.00 (209.75, 330.50) 278.00 (218.00, 413.00) 0.950

APTT(s) 31.50 (27.20, 36.60) 31.13 (25.80, 34.60) 31.50 (28.00, 36.85) 0.642

PT(s) 13.10 (12.10, 13.80) 12.70 (11.65, 13.83) 13.20 (12.25, 13.80) 0.358

INR 1.02 (0.97, 1.07) 1.00 (0.95, 1.13) 1.02 (0.97, 1.07) 0.682

Fibrinogen (g/L) 3.67 (2.92, 4.42) 3.89 (2.90, 4.28) 3.66 (2.93, 4.43) 0.835

D-dimer (mg/L) 0.76 (0.40, 1.46) 1.05 (0.65, 4.04) 0.71 (0.39, 1.26) 0.015

Treatment

PCI (%) 26 (20.50) 12 (15.80) 14 (27.50) 0.112

Aspirin (%) 112 (88.20) 21 (80.80) 91 (90.10) 0.189

Clopidogrel (%) 84 (66.10) 17 (65.40) 67 (66.30) 0.927

ACEI (%) 38 (29.90) 3 (11.50) 35 (34.70) 0.022

ARB (%) 38 (29.90) 3 (11.50) 35 (34.70) 0.631

Sacubitril valsartan sodium (%) 27 (21.30) 8 (30.80) 19 (18.80) 0.184

β-blocker (%) 99 (78.00) 21 (80.80) 78 (77.20) 0.698

CCB (%) 10 (7.90) 0 (0) 10 (9.90) 0.212

Diuretics (%) 46 (36.20) 14 (53.80) 32 (31.70) 0.036

Statins (%) 117 (92.10) 21 (80.80) 96 (95.00) 0.030

(Continued on following page)
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TABLE 1 (Continued) Baseline characteristics and in-hospital outcomes of two groups.

Items Total (n = 127) Complication group (n = 26) Control group (n = 101) P Value

In-hospital outcomes

IABP (%) 5 (3.90) 2 (7.70) 3 (3.00) 0.271

Length of hospital stay (days) 4 (3, 7) 4 (3, 8) 5 (3, 7) 0.864

In-hospital mortality (%) 2 (1.60) 2 (7.70) 0 (0) 0.041

BMI, bodymass index; STEMI, ST-segment elevation myocardial infarction; T2DM, type 2 diabetes mellitus; CKD, chronic kidney disease; LVEF, left ventricle ejection fraction; PH, pulmonary

hypertension; ECG, electrocardiogram; HbA1c, hemoglobin A1c; Hb, hemoglobin;WBC, white blood cell; NEU, neutrophil count; LYMPH, lymphocyte count; NLR, neutrophil-to-lymphocyte

ratio; CRP, C-reactive protein; hs-CRP, high-sensitivity C-reactive protein; PCT, procalcitonin; AST, aspartate aminotransferase; ALT: alanine aminotransferase; A/G, albumin/globulin ratio;

eGFR, estimated glomerular filtration rate; Cr, creatinine; BUN, blood urea nitrogen; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; TC, total cholesterol; Pro-

BNP, pro-brain natriuretic peptide; hs-cTnT, high-sensitivity cardiac troponin T; CK-MB, creatine kinase isoenzymes MB; CK, creatine kinase; LDH, lactate dehydrogenase; APTT, activated

partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio; FDP, fibrin degradation products; PCI, percutaneous coronary intervention; ACEI, angiotensin-

converting enzyme inhibitors; ARB, angiotensin ii receptor blocker; CCB, calcium channel blockers; IABP, intra-aortic ballon pump.

FIGURE 1
Heatmap of potential factors. BMI, body mass index; Hb, hemoglobin; ACEI, angiotensin-converting enzyme inhibitors; LVEF, left ventricle ejection
fraction; PH, pulmonary hypertension; Pro-BNP, pro-brain natriuretic peptide.
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small sample size might have affected the stability of the decision
curve analysis. The clinical net benefit estimates across different
threshold probabilities showed some variability (Figure 5E).

4 Discussion

This study included AMI patients with prior malignancy and
divided them into two groups based on the occurrence of
mechanical complications. A total of six independent risk factors
were finally identified, and a nomogram was constructed to predict
the risk of mechanical complications. The findings indicated that

statins might reduce the risk of mechanical complications after the
onset of AMI in patients with prior malignancy, providing
additional benefits for patients.

AMI patients with prior malignancy represent a distinct and
often overlooked clinical population. Emerging evidence suggests
that the elevated risk of cardiovascular diseases in cancer patients
may be driven by chronic systemic inflammation. It is well
established that individuals with malignancies frequently exist in
a persistent pro-inflammatory state, which can contribute to the
initiation and progression of cardiovascular complications. This
inflammatory milieu may promote the formation and
destabilization of atherosclerotic plaques, leading to the
subsequent release of elevated levels of pro-inflammatory
cytokines, including interferon-γ, interleukin-1β, interleukin-6,
and tumor necrosis factor-α. These cytokines activate multiple
intracellular signaling pathways, such as adenosine 5′-
monophosphate-activated protein kinase, Janus kinase, and
protein kinase B. The activation of these pathways results in the
transcriptional upregulation of reactive oxygen species and
proteolytic enzymes, which can induce DNA damage and
genomic instability (Prousi et al., 2023). Through modulation of
key signaling nodes, this cascade may further influence the
expression of oncogenes and tumor suppressor genes, thereby
linking chronic inflammation not only to cancer progression but
also to increased cardiovascular vulnerability. In addition, evidence
have suggested that cardiovascular diseases may also influence the
tumor development and progression. An animal experimental study
revealed that heart failure resulting from AMI can promote the
growth of intestinal tumors in mice, which may be associated with
some secreted cardiac proteins—particularly SerpinA3. Subsequent
in vivo studies in mice also demonstrated that cardiac remodeling
following AMImay serve as an acute pathological stressor capable of
inducing the growth of breast and lung cancers. The underlying
mechanism involves the induction of an immune-suppressive state
caused by AMI (Fontvieille et al., 2023). Understanding these shared

FIGURE 2
Results of LASSO-logistic regression. (A) Cross-validation plot of LASSO-logistic regression. (B) Selection process of LASSO-logistic regression
model by cross-validation method. BMI, body mass index; LVEF, left ventricle ejection fraction; PH, pulmonary hypertension; Hb, hemoglobin; Pro-BNP,
pro-brain natriuretic peptide; ACEI, angiotensin-converting enzyme inhibitors.

TABLE 2 Results pf LASSO-logistic regression model.

Items LASSO-logistic regression

Assignment Coefficient

BMI Continuous variable −1.4428

LVEF Continuous variable

Wall motion abnormalities Yes = 1, No = 0 0.7056

PH Yes = 1, No = 0 0.5342

Ventricular arrhythmia Yes = 1, No = 0 0.5081

Hb Continuous variable

Pro-BNP Continuous variable

D-dimer Continuous variable 1.3889

ACEI Use = 1, No = 0

Diuretics Use = 1, No = 0

Statins Use = 1, No = 0 −0.2446

LASSO, least absolute shrinkage and selection operator; other abbreviations as in Table 1.
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pathophysiological mechanisms is crucial for improving risk
stratification and therapeutic strategies in this high-risk
patient cohort.

Lipid metabolism also plays a critical role in the progression of
cardiovascular disease among cancer patients (Liu et al., 2023).
Cancer cells often exhibit profound alterations in lipid metabolic

FIGURE 3
Results of SHAP analysis of independent risk factors. (A) Beeswarm plots showing the distribution of individual feature impacts. (B) Bar plot ranked by
mean absolute SHAP values, illustrating global feature importance. (C) Feature dependency plots depicting the relationship between feature values and
SHAP values. SHAP, shapley additive explanations; PH, pulmonary hypertension; BMI, body mass index.

FIGURE 4
Nomogram for the prediction of mechanical complications in acute myocardial infarction patients with prior malignancy. PH, pulmonary
hypertension; BMI, body mass index.
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FIGURE 5
Evaluation of the nomogram. The receiver operating characteristic curve before (A) and after bootstrap (B), calibration curve before (C) and after
bootstrap (D), and decision curve (E). AUC, area under curve; CI, confidence interval.
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pathways, characterized by the accumulation of elongated and
saturated fatty acid chains, which contribute to resistance against
apoptosis. Moreover, enhanced isoprenoid production, catalyzed by
acetyl-coenzyme A in tumor cells, promotes cholesterol
biosynthesis—an effect that may further predispose to
atherosclerosis and AMI. Notably, AMI and malignancies share
several key pathogenic mechanisms, including dysregulation of
reactive oxygen species, activation of the Wnt signaling pathway,
and upregulation of hypoxia-inducible factor-1α. These overlapping
molecular pathways highlight the complex interplay between
cardiovascular and oncologic diseases (Rocca et al., 2023).
Mitochondrial dysfunction may contribute to the increased
susceptibility of cancer patients to cardiovascular diseases.
Patients with both cancer and cardiovascular diseases often show
impaired mitochondrial function and dynamics, leading to
dysregulation of bioenergetics, metabolism, and intracellular
signaling pathways involving reactive oxygen species and Ca2+.
Moreover, several anticancer therapies can induce mitochondrial
stress or dysfunction, potentially resulting in severe cardiovascular
complications (Rocca et al., 2023). In summary, cancer patients are
more prone to AMI, resulting in poorer prognoses.

The mechanism by which statins reduce the risk of myocardial
infarction is closely associated with their well-documented
pleiotropic effects. Beyond their lipid-lowering properties through
inhibition of 3-hydroxy-3-methylglutaryl coenzyme A reductase
and subsequent reduction in cholesterol synthesis, statins exert a
range of non-lipid-related beneficial effects. These include anti-
inflammatory actions, attenuation of oxidative stress,
improvement of vascular endothelial function, and stabilization
of atherosclerotic plaques (Das and Freedland, 2023). The
antitumor mechanisms of statins may vary across different
cancer types. Currently, these mechanisms are believed to mainly
include the following pathways: inducing apoptosis, regulating
autophagy, targeting the tumor microenvironment, and inducing
ferroptosis (Jiang et al., 2021). One important mechanism involves
the modulation of protein isoprenylation—an essential post-
translational modification required for the activation of key
signaling proteins such as Ras and Rho, which are involved in
tumor progression. By inhibiting the mevalonate pathway, statins
may also impair the YAP/TAZ-dependent transcriptional response,
thereby suppressing cancer cell proliferation, regulating the cell
cycle, inducing apoptosis, and inhibiting tumor angiogenesis
(Jiang et al., 2021). Furthermore, emerging evidence suggests that
the reduction of serum cholesterol may serve as an indirect
mechanism linking statin use with a lower risk of advanced and
fatal prostate cancer (Craig et al., 2022). Clinical studies have
reported similar beneficial effects. For instance, a clinical study
found that statin use was associated with improved overall
survival in patients with pancreatic ductal adenocarcinoma,
particularly among those who underwent surgical resection
(Tamburrino et al., 2020). Although statins are generally well
tolerated, studies have reported that 5%–30% of patients are
intolerant to these medications, which may increase the risk of
adverse cardiovascular outcomes (Cheeley et al., 2022). Additionally,
another research reported that statin use in male patients might be
associated with an increased risk of developing kidney cancer (Zeng
et al., 2024). Generally, the findings of this study further expand the
clinical relevance of statin therapy by providing novel evidence that

statins may play a protective role in preventing mechanical
complications in patients with both a history of acute myocardial
infarction and prior malignancy.

In addition, PH and coagulation dysfunction were found to
significantly increase the risk of mechanical complications in this
study. This finding is highly consistent with existing clinical
observations reported in the literature. From a pathophysiological
perspective, adverse vascular remodeling in the pulmonary arteries
may lead to increased vascular resistance, which in turn elevates
right ventricular afterload and ultimately contributes to the
development of right heart failure (Luna-López et al., 2022).
Abnormalities in coagulation function are particularly relevant in
patients with both malignancy and AMI, and should not be
overlooked. In this study, patients in the complication group
exhibited shorter activated partial thromboplastin time and
prothrombin time, along with elevated fibrin degradation
products, compared to the control group. These findings are
partially supported by previous studies. For instance, activation
of the coagulation system has been documented in plasma
samples from patients with localized and/or advanced breast
cancer, suggesting a hypercoagulable state in certain tumor
populations (Dirix et al., 2022).

However, this study found that a lower body mass index (BMI)
was associated with an increased risk of mechanical complications
following AMI—an observation that contradicts conventional
findings in the general AMI population, where higher BMI is
often linked to worse cardiovascular outcomes. This discrepancy
may be attributed to the unique clinical profile of cancer survivors.
The treatment of malignancy may result in muscle loss due to a
combination of the tumor-induced metabolic alterations, systemic
inflammation, and treatment-related gastrointestinal toxicity, that
affects nutrient intake and other regulatory functions. Low muscle
mass is estimated to affect 25%–60% of patients at the time of cancer
diagnosis, with higher prevalence observed in certain malignancies,
such as lung and head and neck malignancies (Kiss et al., 2023).
Moreover, cancer is widely recognized as a wasting disease that
promotes malnutrition, which in turn impairs collagen synthesis
and compromises tissue repair capacity (Grada and Phillips, 2022).
These above factors may compromise myocardial structural
integrity and increase susceptibility to mechanical complications
after myocardial infarction. Alternatively, BMI may not adequately
reflect fat-free mass or body composition, which are more accurate
indicators of functional status and cardiorespiratory reserve (Alebna
et al., 2024). Furthermore, several studies have reported the complex
influence of obesity status on the clinical outcomes in cancer
patients. One study indicated that obesity was significantly
associated with a more favorable prognosis in breast cancer
patients, and an increased risk of mortality following breast
cancer was only observed in women with severe obesity
(BMI ≥35 kg/m2) (Chlebowski et al., 2024). Therefore, in patients
with prior malignancy, traditional anthropometric measures such as
BMI may fail to reflect the underlying metabolic and physiological
risks. Alternative body composition metrics—such as the fat-to-lean
weight ratio and hand-grip strength—may offer more insights. A
study has suggested that hand-grip strength can serve as a potential
marker for cardiometabolic risk (Gerber et al., 2022). Meanwhile,
fat-to-lean weight ratio can assess the balance between adipose and
lean bodymass, thereby providing a more comprehensive evaluation
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of cardiometabolic health (Aggarwal et al., 2024). In conclusion, the
association between low BMI and higher risk of mechanical
complications further highlights the distinct pathophysiological
characteristics of AMI patients with a prior malignancy. These
findings suggest the need for tailored risk assessment tools and
updated clinical management strategies that account for the unique
vulnerabilities of this patient population.

This study has some limitations. Firstly, among 10,210 screened
AMI patients, only 127 (1.24%) had prior malignancy. Though this
study screened a large number of AMI patients, the sample size is
relatively small, which might have potential impact on the variable
selection, nomogram stability and the risk of overfitting.
Additionally, future studies with larger samples might elucidate
potential associations between specific malignancies and the risk of
mechanical complications. Secondly, due to the retrospective design
of this study, some characteristics were unable to obtain.
Additionally, external validation should be conducted in future
research to further evaluate the performance of the nomogram.
More attention is needed to investigate the effect of tumor in the
onset of mechanical complication in AMI patients. Future
prospective studies are warranted to validate these findings and
further refine risk prediction models for broader clinical application.

5 Conclusion

In summary, this study demonstrates that AMI patients with
prior malignancy are at significant risk for in-hospital mechanical
complications, which are associated with higher mortality and
clinical complexity. Six independent risk factors—BMI, wall
motion abnormalities, PH, ventricular arrhythmia, elevated
D-dimer levels, and non-use of statins—were identified upon
admission. Statins, which are widely used in cardiovascular
disease management for their lipid-lowering and pleiotropic
effects, appeared to confer a protective role in AMI patients with
prior malignancy. These findings underscore the importance of early
recognition and tailored management in this high-risk population.
The predictive nomogram developed in this study indicated
relatively good discrimination and calibration, offering a practical
tool for clinicians to assess individual risk and guide timely
interventions.
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