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Objective: To investigate the association of S100A12 protein and C-reactive protein (CRP) with the onset of malignant ventricular 
arrhythmias (MVA) after acute myocardial infarction (AMI) in the elderly.
Methods: A total of 159 elderly AMI patients admitted to Chongming Hospital affiliated to Shanghai University of Medicine & 
Health Sciences from January 2018 to January 2023 were enrolled in the study. CRP levels were determined using an automatic 
biochemical analyzer, and S100A12 levels were measured using enzyme-linked immunosorbent assay (ELISA). Patients were 
categorized based on the Lown classification into groups without MVA and with MVA. Univariate analysis was initially performed 
to identify independent variables, followed by multivariate logistic regression to determine the risk factors for malignant ventricular 
arrhythmias post-AMI. The predictive value of S100A12 protein and CRP for malignant ventricular arrhythmias after acute 
myocardial infarction in the elderly was analyzed using the receiver operating characteristic (ROC) curve.
Results: Among the 159 patients with AMI, 27 (17%) had MVA. Multivariate logistic regression analysis indicated that both 
S100A12 protein and CRP could be independent risk factors for malignant ventricular arrhythmias following acute myocardial 
infarction in the elderly (p < 0.05). The area under the ROC curve showed the area under the curve (AUC) for S100A12 protein to be 
0.7147, for CRP 0.7356, and for the combined diagnosis 0.8350 (p < 0.05).
Conclusion: S100A12 protein and CRP are independent risk factors for MVA after MI in the elderly. The combined application of 
S100A12 protein and CRP has higher diagnostic sensitivity and specificity.
Keywords: S100A12, C-reactive protein, acute myocardial infarction, malignant ventricular arrhythmias

Introduction
Acute myocardial infarction (AMI) stands as one of the leading causes of death among the elderly population. 
Complications arising from AMI often manifest in the form of ventricular or supraventricular arrhythmias. Of these, 
atrial fibrillation is the most frequently observed, yet malignant ventricular arrhythmias (MVA) remain the most lethal.1,2 

MVAs primarily present as sustained ventricular tachycardia (VT), ventricular flutter, and ventricular fibrillation (VF), 
along with other life-threatening arrhythmias originating from the ventricles. MVAs account for one of the most common 
causes of death in AMI patients,3,4 with 25% to 50% of AMI patients succumbing to MVAs.5 Notably, MVAs frequently 
occur within 48 hours of the onset of AMI symptoms, with reports suggesting that 91% of AMI patients experience 
MVAs during this critical phase.6 Reperfusion therapies, especially percutaneous coronary intervention (PCI), have 
significantly reduced the incidence and mortality rates of myocardial infarction. However, the incidence rate of MVA 
post-AMI remains as high as 10%. Thus, an early assessment of MVA risk in AMI patients can assist clinicians in 
adopting proactive preventative and therapeutic measures, consequently reducing the risk of in-hospital mortality and 
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improving prognosis.7 In this study, our objective is to explore the independent predictive factors for the occurrence of 
MVA in AMI patients during hospitalization.

Inflammation plays a pivotal role in the onset and progression of AMI.8 C-reactive protein (CRP) is a quintessential 
protein of the acute inflammatory phase and serves as a significant molecular exacerbator in AMI patients. A recent study 
has shown that CRP is not only a marker of inflammation, but also promotes inflammation and subsequent myocardial 
fibrosis through the TLR4/NF-κB/TGF-β pathway.9 Previous studies have shown that elevated CRP is significantly 
associated with the occurrence and recurrence of AF in the structural heart disease population10,11 and with an increased 
risk of malignant ventricular arrhythmias.12 The elevated frequency of arrhythmias post-AMI, along with the prolonga-
tion of its onset, positively correlates with elevated peripheral blood CRP expression levels.13,14

S100A12, a member of the S100 calcium-binding protein family secreted by leukocytes, belongs to the largest 
subfamily of EF-hand calcium-binding proteins.15 Many current studies have focused on the role and influence of 
S100A12 in various diseases. S100A12 are crucial for the activation of natural killer (NK) cells, neutrophil chemotaxis 
and inflammation regulation.16 Reports suggest that S100A12 is implicated in chronic inflammatory diseases such as 
rheumatoid arthritis and inflammatory bowel syndrome.15 Literature has also highlighted S100A12 as a novel athero-
sclerotic molecule associated with cardiovascular events in atherosclerotic diseases.17 By activating cells involved in 
inflammation through various mechanisms, it partakes in the chronic inflammatory pathology of atherosclerosis. This 
positions S100A12 as a valuable biomarker and tracer in atherosclerotic diseases and various other inflammatory 
conditions.18 Research conducted by Zhiqiang et al19 also indicates that elevated S100A12 levels pose as risk factors 
that negatively impact the prognosis of coronary heart disease (CHD), underscoring the profound significance of 
S100A12 levels in predicting CHD outcomes. Although S100A12 has been regarded as one of inflammatory biomarkers 
in cardiovascular disease, no literature has yet elucidated the relevance of S100A12 in arrhythmias following AMI.20

Although there is growing evidence for the role of inflammatory dysregulation in AF, these studies often use a single 
biomarker and the results are inconsistent.21,22 This study se eks to explore the association of S100A12 protein and CRP 
in elderly AMI patients developing MVA and assess the potential of these two molecules as novel predictive biomarkers, 
which has important clinical significance for further prevention and diagnosis of arrhythmia.

Materials and Methods
Study Subjects
From January 2018 to January 2023, a convenience sample of 159 elderly AMI patients treated at Chongming Hospital 
affiliated with Shanghai University of Medicine & Health Sciences was selected for this study. All patients were admitted 
to the hospital within 1 to 6 hours after the onset of AMI and underwent primary PCI immediately after admission. There 
were no complications such as heart failure, bleeding, and re-infarction within 7 days after operation, suggesting that the 
operation was effective. The mortality rate was 0(no subjects died during the study period).

Inclusion criteria: (1) Age ≥ 65 years; (2) Meets the diagnostic criteria for ST-segment elevation myocardial 
infarction;23 (2) Has not recently taken anti-arrhythmic drugs; (3) Clinical data is comprehensive and authentic. 
Exclusion criteria: (1) Patients with severe heart, liver, or kidney dysfunction; (2) Patients concurrently diagnosed 
with malignant tumors; (3) Patients with acute cerebrovascular diseases; (4) Patients with a history of arrhythmias or 
those on long-term oral β-blockers or other anti-arrhythmic drugs; (5) Patients diagnosed with diabetes. This study was 
approved by the Medical Ethics Committee of Chongming Hospital affiliated with Shanghai University of Medicine & 
Health Sciences. All participants provided informed consent.

Collection of Relevant Indicators and Grouping
Upon operation, patients underwent 5-lead 24-hour bedside cardiac monitoring. General patient data (gender, age, body 
mass index, blood pressure, heart rate, basic medical history, smoking history, etc.) were collected. Blood samples were 
collected as follows: On the second day after PCI, peripheral blood was collected for the detection of various indicators. 
Using an automated biochemistry analyzer, the following parameters were measured: fasting blood glucose (FBG), serum 
creatinine (Scr), C-reactive protein (CRP), and lipid profile markers [triglycerides (TG), total cholesterol (TC), low- 
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density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C)]. An automatic hematology 
analyzer was employed to measure white blood cells (WBC), hemoglobin (Hb), and blood platelets (PLT). An automated 
coagulation analyzer was used to determine D-dimer (D-D) levels. The enzyme-linked immunosorbent assay (ELISA) 
was employed to measure S100A12 levels. Echocardiography was used to measure the left ventricular ejection fraction 
(LVEF), left ventricular end-diastolic diameter (LVDD), and left ventricular end-systolic diameter (LVSD). Diagnostic 
criteria for MVA: Immediately upon admission, patients underwent 5-lead cardiac monitoring for a duration of 72 hours. 
The occurrence of ventricular arrhythmias was observed, and based on the results of the 24-hour dynamic electrocardio-
gram monitoring, they were graded using the Lown classification (also known as Ventricular Premature Beat Degree 
classification),24 ranging from Grades I to V: Grade 0, no ventricular premature beat; Grade I, occasional ventricular 
premature beats (<30 beats / hour); Grade II, multiple premature ventricular beats (>30 beats / hour); Grade IVa, 
successive ventricular premature beats; Grade IVb, short runs of ventricular tachycardia (short bursts of ventricular 
tachycardia, more than 3 times in a row, no more than 7 times at most); Grade V: early-onset ventricular premature beats 
(R - on - t), with 3 or more R - on - t phenomena in 1 hour during the 24-hour monitoring period. Lown Grades ≥ IVb 
were defined as MVA, encompassing primary and non-primary ventricular fibrillation and sustained ventricular tachy-
cardia. Observational indicators were divided based on Lown grading into non-MVA and MVA groups. The incidence of 
MVA was statistically measured, and differences in general data between the two groups were compared to analyze 
potential influencing factors for MVA.

Statistical Analysis
Data were analyzed using SPSS 26.0 statistical software. Continuous variables with a normal distribution were expressed 
as x�s and were compared using paired T-tests between groups. Non-normally distributed continuous data were 
represented by the median and interquartile range and were compared using non-parametric tests. Comparisons among 
multiple groups were conducted using the Kruskal–Wallis H-test, with pairwise comparisons corrected using the 
Bonferroni method. Categorical data were represented as frequencies and percentages and were compared using the χ²- 
test or Fisher’s exact test. Multivariate logistic regression was utilized to analyze risk factors for MVA, with P<0.05 
indicating statistical significance.

Results
General Clinical Data
Of the 159 patients, 27 experienced MVA, with an incidence rate of 17%. As observed from baseline data, patients who 
developed MVA after AMI had elevated levels of both C-reactive protein (CRP) and S100A12, which were statistically 
significant (p < 0.05). Additionally, a decline in lymphocyte count was also statistically significant (p < 0.05). Other 
indicators did not show any statistical significance (p > 0.05). Further details are presented in Table 1.

Multivariate Logistic Regression Analysis Results
Utilizing multivariate logistic regression analysis and considering LDL, APoB, TC, CRP, S100A12, and lymphocyte 
count as independent variables, and the occurrence of MVA as the dependent variable, the results indicated that CRP and 
S100A12 are independent risk factors for MVA with statistical significance (OR=0.95, 0.006; 95% CI 0.93–0.98, 0.01– 
0.24; p < 0.05). More details are available in Table 2.

2.3 Predictive Value of S100A12 Protein and C-reactive Protein for Malignant Arrhythmias in Elderly Acute 
Myocardial Infarction.

Based on the above analyses, ROC curve analyses were performed separately for CRP and S100A12. The area under 
the ROC curve demonstrated an AUC of 0.7356 for CRP (p < 0.05) and 0.7147 for S100A12 (p < 0.05). The combined 
diagnostic AUC was 0.8350 (p < 0.05). This suggests that the combined diagnosis of CRP and S100A12 offers greater 
sensitivity and specificity in predicting malignant arrhythmias following acute myocardial infarction in the elderly, 
providing meaningful insights for clinical practice. Refer to Figure 1.
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Table 1 Baseline Characteristics of the Patients

Characteristic MVA (n=27)a No-MVA (n=132)a p-valueb

Male n(%) 18 (67) 78 (59) 0.5
Age (year) 68 (63,70) 67 (61,74) >0.9

Drinking n(%) 6 (22) 24 (18) 0.6

Smoking n(%) 3 (11) 25 (19) 0.4
Cerebral infarction n(%) 3 (11) 23 (17) 0.6

Hypertension n(%) 17 (63) 102 (77) 0.12

Antiplatelet therapy n(%) 4 (15) 24 (18) 0.8
PLT (10^9/L) 201 (153,225) 182 (147,245) 0.6

Monocytes (10^9/L) 0.48 (0.41,0.56) 0.51 (0.40,0.67) 0.4
Lymphocytes (10^9/L) 1.15 (0.91,1.45) 1.46 (1.10,1.91) 0.017

Neutrophils (%) 71 (62,77) 68 (61,75) 0.2

HGB (g/L) 135 (127,147) 138 (128,149) 0.8
WBC (10^9/L) 6.80 (5.65,7.65) 6.85 (5.60,9.00) 0.7

Eosinophils (%) 1.80 (0.40,2.70) 1.65 (0.68,2.73) >0.9

TC (mmol/L) 4.51 (3.93,5.26) 4.91 (4.23,5.62) 0.11
TG (mmol/L) 1.19 (0.84,1.86) 1.30 (0.95,1.88) 0.4

ApoA1 (g/L) 1.16 (1.04,1.43) 1.21 (1.00,1.40) 0.9

ApoB (g/L) 0.89 (0.71,1.07) 0.98 (0.82,1.15) 0.084
HDL (mmol/L) 1.78 (1.28,2.13) 1.59 (1.33,1.90) 0.5

LDL (mmol/L) 2.60 (2.08,3.02) 2.89 (2.37,3.41) 0.052

Lpa (g/L) 172 (76,525) 185 (110,374) >0.9
HbA1c (%) 6.60 (5.40,7.75) 6.10 (5.50,7.23) 0.6

VitB12 (pg/mL) 397 (312,588) 465 (315,660) 0.6

Folic acid (ng/mL) 8.9 (4.6,12.8) 6.8 (4.4,10.3) 0.3
T4 (nmol/L) 83 (74,91) 83 (72,101) 0.9

T3 (nmol/L) 1.11 (0.93,1.53) 1.26 (1.02,1.54) 0.2

TSH (uIu/mL) 1.84 (1.16,3.15) 1.79 (0.98,2.90) 0.6
HA (ng/mL) 57 (45,76) 56 (40,72) 0.5

PCT (ng/mL) 0.48 (0.11,3.13) 1.28 (0.13,2.80) 0.6

SOD (U/mL) 142 (102,163) 141 (113,173) 0.5
Hcy (nmol/L) 11 (8,16) 12 (9,17) 0.3

BNP (pg/L) 117 (47,327) 86 (32,253) 0.2

SdLDL-C (mmol/L) 0.99 (0.56,1.65) 1.10 (0.63,1.59) 0.9
S100A12 (ng/mL) 2.13 (1.91,2.33) 1.77 (1.54,2.19) 0.002

CRP (mg/L) 70 (62,86) 50 (31,73) <0.001

Notes: The normal range of CRP in blood was 0.068–8.2 mg/L; an(%) or Median (IQR); bPearson’s Chi-squared test or 
Wilcoxon rank sum test or Fisher’s exact test. 
Abbreviations: PLT, platelet; HGB, hemoglobin; WBC, white blood cell; TC, total cholesterol; TG, Triglyceride; ApoA1, 
apolipoprotein A1; ApoB, apolipoprotein B; HDL, high density lipoprotein; LDL, low density lipoprotein; Lpa, Lipoprotein 
a; T4, thyroxine; T3, triiodothyronine; TSH, thyroid stimulating hormone; HA, haemagglutination; PCT, procalcitonin; SOD, 
Super Oxide Dismutase; Hcy, homocysteine; BNP, Brain natriuretic peptide; SdLDL-C, small dense low- density lipopro- 
tein-C; CRP, C-reactive protein; MVA, malignant ventricular arrhythmias.

Table 2 Results of the Multivariate Logistic Regression Analysis

95% CI OR p-value

S100A12 (ng/mL) 0.01–0.24 0.06 0.001

LDL (mmol/L) 0.37–16.49 2.34 0.38

ApoB (g/L) 0.28–798.39 13.37 0.20
TC (mmol/L) 0.18–2.78 0.71 0.62

CRP (mg/L) 0.93–0.98 0.95 0.001

Lymphocytes (10^9/L) 0.99–6.25 2.37 0.06

Abbreviations: LDL, low density lipoprotein; ApoB, apolipoprotein B; TC, total cholesterol; CRP, 
C-reactive protein; CI, confidence interval; OR, odds ratio.
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Discussion
Studies have shown that the proportion of AMI patients developing MVA is approximately 20.0%, and the mortality risk 
for patients with MVA is 4–7 times higher than those without MVA.25 Our research found that, out of 235 elderly AMI 
patients, 89 developed MVA, leading to an incidence rate of 37.87%. Among these, 14 patients succumbed, resulting in 
a mortality rate of 15.73%.26,27 This underlines that the occurrence rate of MVA in elderly AMI patients is notably high, 
and so is the mortality rate, warranting significant clinical attention.

In this study, it was observed that the expression levels of CRP were notably elevated in elderly AMI patients who 
developed MVA compared to those without MVA. Regression analysis identified CRP as an independent risk factor for 
the onset of MVA in AMI patients, suggesting its potential as a predictive marker. The influence of CRP on myocardial 
tissue is primarily related to inflammatory responses. Inflammation plays a pivotal role in the progression of AMI, being 
intimately associated with atheromatous plaque formation and recognized as an independent risk factor that exacerbates 
the vulnerability of coronary atherosclerotic plaques, thereby increasing the likelihood of MVA in AMI patients.28 CRP is 
an acutely sensitive albeit less specific inflammatory product. Proteomic-based risk models have found that CRP is 
a major risk predictor for coronary atherosclerosis.29 It significantly contributes to the pathogenesis of coronary artery 
disease and AMI, mainly by promoting atherosclerosis and instigating inflammatory processes. CRP also exerts 
detrimental effects on myocardial metabolism, leading to cardiac functional impairment due to its cardiotoxic 
properties.30 In AMI patients, the larger the area of myocardial necrosis, the higher the internal CRP content. 
Circulating CRP can be recognized as a potential biomarker for diagnosis and severity assessment of disease in 
AMI.31 Some scholars have found that reducing peripheral blood CRP levels can mitigate myocardial damage from 
AMI.32–34 Furthermore, numerous studies have indicated that increased circulating CRP concentrations post-AMI can 
destabilize myocardial electrical activity, alter inherent cardiac membrane potentials, and precipitate lethal arrhythmias 
such as malignant ventricular arrhythmias.35

In this study, we observed that the expression levels of S100A12 were significantly elevated in elderly AMI 
patients who developed MVA compared to those without MVA. Regression analysis pinpointed S100A12 as an 
independent risk factor for the onset of MVA in AMI patients, suggesting its viability as a prognostic indicator. The 

Figure 1 Predictive value of S100A12, CRP, and their combined application for MVA. 
Abbreviations: CRP, C-reactive protein; MVA, malignant ventricular arrhythmias.
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impact mechanism of S100A12 on myocardial tissue is intrinsically tied to inflammatory responses. Expressed in 
granulocytes and activated monocytes/macrophages, S100A12, when bound to the Receptor for Advanced Glycation 
End products (RAGE), induces the upregulation of nuclear factor κB (NFκB), intensifying the inflammatory response. 
This binding of S100A12 to RAGE mediates the secretion of cytokines.36,37 Previous research has indicated that 
S100A12 may serve as a distinct biomarker for cardiovascular pathological processes and has a close association with 
MVA,38,39 mirroring our findings and further supporting the potential of S100A12 as a predictor for MVA in AMI 
patients.

S100A12 acts as a mediator that amplifies inflammation and tumorigenesis. Studies have demonstrated a correlation 
between plasma S100A12 levels and hs-CRP levels, suggesting a relationship between S100A12 and the inflammation 
levels in CAD patients.40 Through ROC curve analysis in our study, we discerned that the combined diagnostic AUC of 
CRP and S100A12 was 0.8350, surpassing the value of each marker used in isolation. This indicates a heightened 
sensitivity and specificity of the combined diagnosis of CRP and S100A12 in predicting malignant arrhythmias following 
acute myocardial infarction in the elderly. Additionally, it suggests that the combined application of both markers 
augments predictive and diagnostic accuracy. Research by Xiaotong et al40 revealed that, in AMI patients, serum 
S100A12 levels increase with the escalation in the number of lesions and severity of the condition. Hence, it can be 
inferred that serum S100A12 levels, in conjunction with hsCRP, CK-MB, and the Gensini score, can gauge the severity 
of AMI patients. Moreover, it can serve as a novel biomarker to guide clinical severity classification and treatment. Our 
findings are consistent with this research, further corroborating that in AMI patients, the combined application of 
S100A12 and CRP can more effectively predict the onset of MVA. The potential of this novel prognostic biomarkers 
of inflammation and thrombosis will be a valuable clinical tool for evaluating risk stratification and progression of AF 
after AMI.

This study possesses certain limitations. Firstly, the sample size is relatively limited. Secondly, given that the 
observed outcomes were manually assessed and cannot guarantee consistent evaluation by the same individual, there 
might be subjective variances leading to biases. Lastly, considering that all patients hail from the same region and belong 
to the middle-aged and elderly demographic, the study boasts robust internal validity, yet its external validity is 
compromised. Further multicenter prospective studies with a larger sample size are planned to evaluate the clinical 
relevance of the combination of CPR and S100A12.

Conclusion
The expression levels of CRP and S100A12 may serve as independent risk factors in forecasting MVA following AMI. 
Their combined assessment holds paramount significance in evaluating patient condition fluctuations and prognosis.
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