
Analysis of risk factors and 
construction of nomogram model 
for nosocomial infection in patients 
with acute myocardial infarction 
after percutaneous coronary 
intervention
Shuo Huang1,3, Yahui Zhou2,3, Dandan Han2 & Ran Zhou1

To analyze the risk factors for hospital-acquired infections following percutaneous coronary 
intervention (PCI) in patients with acute myocardial infarction (AMI) and to develop a nomogram 
prediction model. Clinical data from 324 AMI patients who underwent PCI between July 2021 and 
June 2023 were retrospectively analyzed. Patients were categorized into an infection group (n = 39) 
and a non-infection group (n = 285) based on the occurrence of nosocomial infection postoperatively. 
Optimal cutoff values were determined using receiver operating characteristic (ROC) curve analysis. 
Independent risk factors for nosocomial infection after PCI were identified through multivariate logistic 
regression, and a nomogram model was constructed accordingly. The model underwent internal 
validation via calibration curves, and its predictive performance was assessed using decision curve 
analysis. No significant differences were observed between the two groups in terms of gender, drinking 
history, smoking history, hypertension, infarct location, or number of stents implanted (all P > 0.05). 
However, the infection group had significantly higher age, higher prevalence of diabetes, greater 
proportion of New York Heart Association (NYHA) class III/IV, more frequent invasive procedures, and 
longer hospital stays (all P < 0.05). ROC analysis identified optimal cutoff values of 60 years for age and 
6 days for hospitalization time. Multivariate logistic regression confirmed that age > 60 years, diabetes, 
NYHA class III/IV, invasive procedures, and hospital stay > 6 days were independent risk factors for 
nosocomial infection after PCI. The nomogram model demonstrated excellent discrimination, with 
a C-index of 0.915 (95% CI 0.877–0.953). The calibration curve indicated good agreement between 
predicted and observed outcomes. The nomogram provided higher net clinical benefit beyond 
threshold probabilities of 0.24 compared to individual predictors. A nomogram incorporating age, 
diabetes, cardiac function classification, invasive procedures, and hospitalization time was developed 
to predict the risk of nosocomial infection in AMI patients after PCI. The model exhibits strong 
predictive performance and may assist clinicians in identifying high-risk patients for intensified 
monitoring and preventive strategies. However, as a prognostic tool, it does not directly mitigate 
infection risk and requires external validation before routine clinical implementation.
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In recent years, the increasing prevalence of cardiovascular diseases has been attributed to societal development, 
accelerating population aging, and changes in dietary patterns and lifestyles1. Acute myocardial infarction (AMI), 
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the most prevalent and severe form of cardiovascular disease, is characterized pathologically by myocardial 
necrosis resulting from coronary artery occlusion, leading to acute and sustained ischemia and hypoxia of 
cardiomyocytes. AMI progresses rapidly and may further induce arrhythmias, heart failure, or cardiogenic 
shock, severely threatening patients’ lives2,3. In China, AMI accounts for approximately five-sevenths of annual 
cardiovascular disease-related deaths, making it a leading cause of mortality and disability4. Percutaneous 
coronary intervention (PCI) is widely used in clinical practice to restore coronary blood supply and improve 
myocardial perfusion in AMI patients, thereby preventing recurrent ischemic events5.

The abrupt necrosis of myocardial cells in AMI causes a sharp decline in cardiac output and function, resulting 
in systemic hypoperfusion of tissues and organs. This compromises the body’s immune defenses and increases 
susceptibility to nosocomial infections6,7. Furthermore, AMI patients requiring PCI are hospitalized for treatment, 
and prolonged stays in healthcare settings—coupled with postoperative immunosuppression—heighten the 
risk of hospital-acquired infections. Such infections can not impede recovery, prolong hospitalization, increase 
medical costs and family burden, but also potentially lead to fatal complications8. Therefore, early identification 
of high-risk AMI patients prone to nosocomial infection post-PCI and implementation of preventive strategies 
based on relevant risk factors are essential to reduce infection incidence.

Currently, the risk factors for hospital-acquired infections following PCI in AMI patients have not been fully 
elucidated, hampering the development of targeted preventive measures. Thus, the analysis and prediction of 
nosocomial infections are of great clinical importance. However, there remains a lack of simple and effective 
methods for translating risk factors into practical clinical use. The nomogram prediction model integrates 
multiple variables to generate individualized probabilities for specific outcomes, allowing more accurate and 
intuitive prognostic assessment9,10. This study aims to develop a nomogram model for predicting nosocomial 
infection in AMI patients after PCI by analyzing associated risk factors, thereby providing a basis for clinical 
infection prevention.

Materials and methods
Study population and design
A total of 324 patients diagnosed with AMI who underwent PCI at our hospital between July 2021 and June 
2023 were retrospectively enrolled. Based on the occurrence of nosocomial infection following the procedure, 
patients were classified into two groups: an infection group (n = 39) and a non-infection group (n = 285).

Inclusion criteria
Patients were eligible for enrollment if they met all of the following conditions: (1) Confirmed diagnosis of AMI: 
Diagnosis established according to the universal definition of AMI, based on clinical presentation, elevated 
cardiac biomarkers (e.g., troponin), and electrocardiographic or imaging evidence. (2) Indication for PCI: 
Patients in whom percutaneous coronary intervention was clinically indicated and performed as part of their 
treatment strategy. (3) Age ≥ 18 years: Only adult patients were included to ensure applicability of clinical and 
ethical guidelines. (4) Availability of complete clinical records: Demographic information, laboratory findings, 
procedural details, and follow-up infection outcomes had to be complete and accessible for analysis.

Exclusion criteria
Patients were excluded if they met any of the following conditions: (1) Severe comorbid organ dysfunction: 
Advanced hepatic or renal insufficiency that could independently affect prognosis or confound the analysis of 
infection risk. (2) History of prior cardiac surgery: Such as coronary artery bypass grafting or valve replacement, 
because prior surgery could alter cardiac function and infection risk. (3) Chronic infectious disease: Patients 
with tuberculosis, chronic viral hepatitis, or HIV infection were excluded due to baseline altered immunity. 
(4) Immunologic or hematologic disorders: Autoimmune diseases, immunodeficiency syndromes, or blood 
dyscrasias that could bias infection susceptibility. (5) Malignancy: Any known active cancer, as both the disease 
and its treatment may alter immune response and infection risk. (6) Psychiatric or neurological conditions 
impairing cooperation: Patients unable to consent or comply with treatment and monitoring (e.g., severe 
dementia, psychosis, or advanced neurological disability). This study was approved by the Medical Ethics 
Committee of Jilin City Hospital of Chemical Industry (approval No. IEC-2020-010-01).

Data collection
Patient demographic and clinical data were collected, including: age, gender, smoking history, alcohol use history, 
presence of diabetes, hypertension, cardiac function classification, infarct location, duration of hospitalization, 
number of stents implanted, and whether any invasive procedures in addition to the interventional treatment 
were performed.

Invasive procedures were defined as any diagnostic or therapeutic intervention involving penetration of a 
body cavity or disruption of natural anatomical barriers, excluding the primary PCI procedure. These included: 
endotracheal intubation and mechanical ventilation; central venous catheterization; indwelling urinary 
catheterization (Foley catheter); nasogastric or enteral feeding tube placement; arterial line insertion; and other 
invasive bedside procedures required for intensive monitoring or supportive care.

Definition of nosocomial infection
The diagnostic criteria for infection were as follows:

	(1)	 Body temperature ≥ 38.0 °C, or sustained temperature ≥ 37.7 °C for at least 1 h;
	(2)	 Collection of secretion samples within 12 h of fever onset, with confirmed pathogenic infection by micro-

biological testing.
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Nosocomial infections were identified based on the following criteria:

	(1)	 For infections without a clear incubation period, those manifesting more than 48 h after admission were 
considered hospital-acquired;

	(2)	 For infections with a defined incubation period, those occurring beyond the average incubation period 
after admission were classified as nosocomial.

Nosocomial infection was determined using a combination of clinical and microbiological criteria. Fever was 
defined as body temperature ≥ 38.0 °C, or ≥ 37.7 °C sustained for ≥ 1 h, with microbiological confirmation of 
pathogen infection from relevant secretions. In addition, we referred to the widely accepted definitions from 
the U.S. Centers for Disease Control and Prevention (CDC) and National Healthcare Safety Network (NHSN), 
which define nosocomial infection as an infection not present or incubating at the time of hospital admission, 
and occurring ≥ 48 h after admission11.

In this study, all patients who developed clinical signs suggestive of infection (e.g., fever, leukocytosis, 
localized symptoms) underwent microbiological testing. Samples (such as sputum, urine, blood, or catheter-
related specimens) were collected within 12 h of onset of fever or other suspected infection and processed for 
pathogen culture. Routine microbiological screening was not performed for all patients without symptoms; 
testing was targeted to those with suspected infection. Therefore, the diagnosis of nosocomial infection required 
both compatible clinical features and microbiological confirmation in symptomatic cases.

Statistical analysis
Statistical analyses were performed using SPSS version 22.0. Continuous variables are presented as 
mean ± standard deviation, while categorical or ordinal data are summarized as frequencies and percentages. 
For normally distributed continuous variables, comparisons between groups were made using the Student’s t-
test. Receiver operating characteristic (ROC) curve analysis was employed to determine optimal cutoff values 
for relevant factors. Independent risk factors were identified using multivariate logistic regression analysis. A 
two-sided P-value < 0.05 was considered statistically significant.

Internal validation of the nomogram model was performed using bootstrap resampling (1000 iterations). 
The concordance index (C-index) was calculated to assess discrimination, and calibration was evaluated with 
a calibration plot comparing predicted versus observed probabilities. Decision curve analysis was also used to 
estimate the net clinical benefit.

Results
Comparison of clinical characteristics between the two groups
As shown in Table 1, baseline clinical characteristics were compared between the infection group (n = 39) and 
the non-infection group (n = 285). Patients who developed nosocomial infection were significantly older, had 
a higher prevalence of diabetes, exhibited higher NYHA functional class (III/IV), underwent more invasive 
procedures, and experienced longer hospital stays (all P < 0.05). In contrast, no significant differences were 
observed between the groups in terms of gender, smoking history, alcohol consumption, hypertension, infarct 
location, or number of stents implanted (all P > 0.05).

ROC curve analysis of predictive variables
ROC curve analysis (Table 2; Fig. 1) identified optimal cutoff values of 60 years for age and 6 days for length 
of hospital stay. Age greater than 60 years yielded an area under the curve (AUC) of 0.798, with a sensitivity of 
74.36% and specificity of 77.89%. Hospital stay longer than 6 days resulted in an AUC of 0.759, with sensitivity 
of 76.92% and specificity of 75.79%. Both variables demonstrated moderate discriminative power, with cutoff 
values determined based on the Youden index.

Multivariate logistic regression analysis of nosocomial infection after PCI
Multivariate logistic regression analysis (Table 3) revealed that age > 60 years (OR = 1.084, 95% CI 1.033–1.212), 
diabetes (OR = 1.307, 95% CI 1.129–1.732), NYHA class III/IV (OR = 1.337, 95% CI 1.137–1.831), invasive 
procedures (OR = 1.318, 95% CI 1.126–1.803), and hospital stay > 6 days (OR = 1.081, 95% CI 1.032–1.206) were 
independent risk factors for nosocomial infection in AMI patients following PCI.

Development of a nomogram prediction model for hospital-acquired infection
A nomogram prediction model was constructed incorporating the following predictors: age, diabetes, cardiac 
function classification (NYHA class), invasive procedures, and duration of hospitalization. The nomogram is 
presented in Fig. 2.

Nomogram model calibration curve and clinical net benefit analysis
The nomogram model for predicting hospital infection after PCI in AMI patients showed good discrimination, 
with a C-index of 0.915 (95% CI: 0.877–0.953) after bootstrap validation. The calibration curve was close to 
the ideal 45-degree line, indicating good agreement between predicted and observed probabilities (Fig.  3). 
Decision curve analysis (DCA) demonstrated that the nomogram provided higher net benefit across a range of 
threshold probabilities compared with individual predictors such as age, diabetes, cardiac function classification, 
invasive procedures, and length of stay (Fig. 4). However, no additional reclassification statistics such as Net 
Reclassification Improvement (NRI) or Integrated Discrimination Improvement (IDI) were calculated, and 
therefore the incremental predictive value of the nomogram beyond individual predictors should be interpreted 
with caution.
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Fig. 1.  Rreceiver operating characteristic (ROC) curves for the variables of interest. Note: Fig. 1 displays the 
flowchart of patient selection and grouping process.

 

Variant AUC Optimal cutoff value Youden index SE 95% CI Sensitivity (%) Specificity (%)

Age 0.798 > 60 years old 0.523 0.041 0.750–0.841 74.36 77.89

Length of hospitalization 0.759 > 6 days 0.527 0.044 0.709–0.805 76.92 75.79

Table 2.  Analysis of receiver operating characteristic (ROC) curve for relevant variables.

 

Observation indicators Infection group (n = 39) Non-infectious group(n = 285) t/χ2 P

Age (years) 61.79 ± 5.08 56.56 ± 4.56 6.619 < 0.001

Genders 0.058 0.810

 Male 20 (51.28) 152 (53.33)

 Female 19 (48.72) 133 (46.67)

Smoking history 1.924 0.165

 Yes 21 (53.85) 120 (42.11)

 No 18 (46.15) 165 (57.89)

Drinking history 1.998 0.157

 Yes 24 (61.54) 141 (49.47)

 No 15 (38.46) 144 (50.53)

Diabetes 12.381 < 0.001

 Yes 23 (58.97) 87 (30.53)

 No 16 (41.03) 198 (69.47)

Hypertensive 0.357 0.550

 Yes 28 (71.79) 191 (67.02)

 No 11 (28.21) 94 (32.98)

Infarct site 1.792 0.617

 Anterior wall 12 (30.77) 99 (34.74)

 Anterior interstitial wall 16 (41.03) 87 (30.52)

 Inferior wall 6 (15.38) 56 (19.65)

 Iateral wall 5 (12.82) 43 (15.09)

Cardiac function classification 5.618 0.018

 Grade I/II 20 (51.28) 200 (70.18)

 Grade III/VI_ 19 (48.72) 85 (29.82)

Intrusive operations 6.877 0.009

 Yes 18 (46.15) 74 (25.96)

 No 21 (53.85) 211 (74.04)

Number of stent implants (pcs) 2.10 ± 0.75 2.08 ± 0.81 0.184 0.854

Length of hospitalization (days) 7.36 ± 1.72 5.60 ± 1.57 6.478 < 0.001

Table 1.  Comparison of the clinical data of the two groups of patients.
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Discussion
AMI is a critical medical condition characterized by an unstable clinical course, rapid progression, and a high 
incidence of complications, all contributing to substantial mortality and a serious threat to patient safety. PCI 
plays a vital role in reestablishing coronary blood flow and improving cardiac function in AMI patients12,13. 

Fig. 3.  Calibration curves for the nomogram model. Note: Fig. 3 shows the calibration plot of the nomogram, 
demonstrating good agreement between predicted and observed infection probabilities.

 

Fig. 2.  A nomogram model for predicting hospital-acquired infections after percutaneous coronary 
intervention (PCI) in patients with acute myocardial infarction (AMI). Note: Fig. 2 illustrates the constructed 
nomogram for predicting nosocomial infection risk in AMI patients after PCI, incorporating five independent 
predictors (age, diabetes, New York Heart Association (NYHA) functional class, invasive procedures, and 
length of hospital stay).

 

Variant β SE Wald Odds ratio (OR) (95% confidence interval) P

Age (> 60 years old vs. ≤ 60 years old) 0.081 0.029 7.801 1.084 (1.033–1.212) < 0.001

Diabetes (yes vs. no) 0.268 0.101 7.041 1.307 (1.129–1.732) 0.008

Cardiac function classification (Grade III/VI vs. Grade I/II) 0.290 0.114 6.471 1.337 (1.137–1.831) 0.018

Intrusive operations (yes vs. no) 0.276 0.105 6.909 1.318 (1.126–1.803) 0.015

Length of hospitalization (> 6 days vs. ≤  6 days) 0.078 0.028 7.760 1.081 (1.032–1.206) < 0.001

Table 3.  Logistic multiple regression analysis of hospital-acquired infections in acute myocardial infarction 
patients undergoing percutaneous coronary intervention.
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It has become a cornerstone in the management of acute coronary syndromes and is widely employed during 
acute episodes of coronary heart disease. Although continuous advancements have been made in PCI techniques 
and devices, it remains an invasive procedure and is consequently associated with a inherent risk of infection. 
The occurrence of infection can not only compromise the immediate therapeutic outcome but may also lead to 
severe consequences, including mortality. With the evolution of modern healthcare, medical disputes pertaining 
to nosocomial infections have become increasingly prominent, undermining trust between patients, their 
families, and healthcare providers, and disrupting normal clinical operations14. Hence, the prevention, control, 
and management of hospital-acquired infections have emerged as major priorities in clinical practice. While 
nomogram models are well-established for predicting survival and prognosis in oncology15,16, their application 
in other medical domains remains limited. To our knowledge, no specific nomogram exists for predicting the 
risk of hospital-acquired infections following PCI in AMI patients. This study aimed to identify independent 
risk factors for nosocomial infection in this population and to integrate them into a nomogram model for 
individualized risk prediction. The resulting tool may facilitate early identification of high-risk patients and 
enable targeted interventions to mitigate infection incidence.

The results of this study identified age > 60 years, diabetes, NYHA class III/IV, hospital stay > 6 days, and 
invasive procedures as independent risk factors for hospital-acquired infections in AMI patients undergoing 
PCI. Advanced age may contribute to increased susceptibility to nosocomial infections, likely attributable to 
immunosenescence and a higher prevalence of comorbidities, which collectively lead to progressive organ 
dysfunction and impaired infection control17. In this study, the optimal age cut-off of 60 years was determined 
using the Youden index derived from ROC analysis. This threshold is consistent with commonly applied 
definitions of elderly status in cardiovascular risk stratification, where patients over 60 years are recognized to 
exhibit reduced immune competence, greater comorbidity burden, and elevated risk of infectious complications. 
Similarly, a hospital stay exceeding 6 days represents a clinically significant duration associated with a marked 
increase in cross-infection risk. Although the Youden index offers a statistically optimal balance between 
sensitivity and specificity, the clinical relevance of these cut-offs is further supported by their alignment with 
well-established risk patterns observed in AMI and critical care cohorts18,19. These findings indicate that the 
selected thresholds are not only statistically sound but also clinically meaningful, enhancing their utility in 
routine clinical practice.

Age is a central variable in several bedside risk scores and remains a powerful marker of adverse outcomes in 
the critically ill. The Intermountain Risk Score (IMRS)—which combines routine laboratory values with age and 
sex—has demonstrated prognostic utility in cardiogenic shock: in STEMI patients complicated by shock, IMRS 
independently predicted both short- and long-term mortality and outperformed the Synergy-STEMI Score by 
ROC analysis20. In acute coronary syndrome patients with cardiogenic shock supported by intra-aortic balloon 
pump in the intensive cardiac care unit, advancing age was significantly associated with in-hospital mortality 
on univariable analysis (odds ratio per year increase 1.079, p < 0.001), underscoring the contribution of age to 
risk stratification in this population21. Moreover, in a larger cohort of STEMI with cardiogenic shock treated 
with primary PCI, multiple non-hemodynamic factors independently predicted death, highlighting the value of 
composite scores that incorporate age alongside clinical and laboratory parameters to refine prognostication22.

Therefore, among elderly patients undergoing emergency coronary intervention, enhanced nutritional 
support and meticulous care are essential to mitigate the risk of nosocomial infections. In patients with diabetes, 

Fig. 4.  Decision curve of the nomogram model. Note: Fig. 4 presents the decision curve analysis (DCA) 
comparing net clinical benefit of the nomogram versus individual predictors across a range of threshold 
probabilities. The nomogram consistently provided greater net benefit.
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dysregulated glucose metabolism contributes to a hyperglycemic environment that impairs cellular defense 
mechanisms and immune function, thereby diminishing host resistance23. Diabetes-related microvascular 
damage, autonomic neuropathy, and diabetic cardiomyopathy can alter cardiac structure and function, 
resulting in impaired left ventricular relaxation, reduced compliance, and an increased propensity for heart 
failure and cardiogenic shock following AMI, ultimately elevating both complication rates and mortality24. 
Moreover, diabetic patients with coronary artery disease often exhibit more extensive and severe coronary 
lesions. Evidence consistently indicates a strong association between diabetes and infection25. Diabetes not only 
increases susceptibility to infections but also disrupts adaptive immune responses and neutrophil function. 
Furthermore, hyperglycemia promotes microbial colonization and pathogen proliferation. Thus, in diabetic 
AMI patients post-PCI, vigilant monitoring for hospital-acquired infections, strict glycemic control, and early 
rehabilitation—when clinically appropriate—are recommended to reduce infection risk. Myocardial ischemia 
activates chemokine release, promoting leukocyte adhesion to necrotic tissue and facilitating clearance. This 
process, however, also generates abundant inflammatory mediators—such as free radicals and reactive oxygen 
species—that can exacerbate local injury and predispose patients to secondary infections26,27. The NYHA 
functional classification reflects the severity of underlying cardiac impairment and vascular disease. Higher 
NYHA classes are associated with more advanced cardiac dysfunction and compromised systemic perfusion, 
which may impair organ function and reduce overall resistance to infection. Consequently, these patients are 
at increased risk of nosocomial infections, which can in turn worsen heart failure symptoms, creating a vicious 
cycle28. It is therefore crucial to prioritize cardioprotective strategies and optimize cardiac function in clinical 
management.

Cardiac function status, commonly assessed by the NYHA classification, provides a practical and widely 
adopted measure of symptom burden and functional capacity in heart failure patients. Higher NYHA classes 
(III/IV) indicate advanced ventricular dysfunction, poor exercise tolerance, and hemodynamic compromise. In 
our study, patients with NYHA class III/IV were significantly more susceptible to nosocomial infection. Several 
mechanisms may explain this finding: impaired cardiac output and systemic perfusion weaken immune defense; 
pulmonary congestion and edema predispose to respiratory infections; and patients with severe heart failure 
often require invasive procedures and prolonged hospitalization, further increasing infection risk. Previous 
studies have confirmed that NYHA class independently predicts morbidity and mortality in cardiovascular 
disease cohorts29,30. More recently, infections themselves have been recognized as both a trigger and a 
complication of acute heart failure, reinforcing the bidirectional relationship between advanced NYHA class 
and infection burden28. These findings emphasize that careful monitoring, early mobilization, and proactive 
infection-prevention strategies should be prioritized in AMI patients with NYHA class III/IV.

During active coronary reperfusion therapy, timely measures to enhance cardiac function and promote 
diuresis should be implemented to optimize hemodynamic status and proactively prevent infections. Due to 
disease severity or associated complications, some AMI patients require invasive supportive procedures such 
as mechanical ventilation and indwelling catheterization. Previous studies31–33 have demonstrated that invasive 
interventions—including vascular catheterization, nasogastric tube placement, and tracheal intubation—
elevate infection risk when mucosal barriers are compromised, aseptic techniques are inadequately followed, or 
equipment sterilization is insufficient. Indwelling urinary catheters may cause urethral mucosal injury, disrupt 
local immune barriers, and facilitate pathogenic bacterial colonization and ascending infection34,35. Similarly, 
mechanical ventilation can compromise respiratory tract immunity, increasing susceptibility to respiratory 
pathogens and raising the risk of ventilator-associated pneumonia36. Therefore, minimizing the use of invasive 
procedures is strongly recommended. When such interventions are necessary, strict adherence to indication 
guidelines, use of disposable medical devices, and meticulous aseptic techniques in sterile environments are 
essential to reducing hospital-acquired infections. The hospital environment itself represents a reservoir of 
pathogenic microorganisms, and prolonged hospitalization has been consistently associated with increased risk 
of nosocomial infections37. Previous research has confirmed a correlation between length of stay and infection 
incidence in cardiovascular patients38, a finding supported by the present study. Our results further indicate that 
extended hospitalization following PCI is linked to higher rates of infection, likely due to increased exposure to 
nosocomial pathogens. Thus, early discharge should be considered for AMI patients once their clinical condition 
has stabilized post-PCI.

In this study, continuous variables such as age and length of hospital stay were dichotomized using ROC 
curve–derived cut-off values (> 60 years and > 6 days, respectively). This approach facilitates clinical interpretation 
and enables easier application in bedside decision-making. However, dichotomization of continuous predictors 
can lead to loss of information, reduced statistical power, and potential instability of the cut-off points across 
different populations. Alternative modeling strategies, such as using continuous forms of predictors or restricted 
cubic splines, may better preserve prognostic information. Nevertheless, we selected cut-off values guided by 
ROC analysis to improve clinical applicability of the nomogram in routine practice.

This study identified risk factors for nosocomial infection following PCI in AMI patients and incorporated 
them into a nomogram prediction model. The model demonstrated excellent discriminative ability, with a 
C-index of 0.915 (95% CI 0.877–0.953). The calibration curve indicated close agreement between predicted 
and observed outcomes, aligning well with the ideal curve. Using a risk threshold of > 0.24, the nomogram 
provided greater clinical net benefit than models based solely on individual predictors such as age, diabetes, 
cardiac function class, invasive procedures, or hospitalization time. These results suggest that the nomogram 
can effectively identify high-risk AMI patients for nosocomial infection after PCI, thereby supporting clinical 
decision-making and infection prevention strategies.

However, several limitations should be acknowledged. The model was developed and validated using a single-
center dataset without external validation. Given the multitude of factors influencing post-PCI infection, it is 
possible that not all relevant variables were included in the analysis. Furthermore, the sample was drawn from 
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a specific geographical region, which may limit generalizability. The relatively low number of infection events 
(n = 39) also raises concern for potential model overfitting, despite internal validation using bootstrapping. This 
may have led to overly optimistic performance estimates. Therefore, further validation in larger, multi-center 
cohorts is essential to confirm the robustness and general applicability of the model.

In conclusion, this study developed and internally validated a nomogram incorporating age, diabetes, cardiac 
function classification, invasive procedures, and length of stay to predict the risk of nosocomial infection in 
AMI patients after PCI. The model shows promising predictive accuracy and may serve as a practical tool for 
stratifying infection risk and guiding preventive measures in clinical practice.

Data availability
The simulation experiment data used to support the findings of this study are available from the corresponding 
author upon request.

Received: 25 December 2024; Accepted: 30 September 2025

References
	 1.	 Li, Y. et al. Global trends and regional differences in incidence and mortality of cardiovascular disease, 1990–2019: Findings from 

2019 global burden of disease study. Eur. J. Prev. Cardiol. 30(3), 276–286. https://doi.org/10.1093/eurjpc/zwac285 (2023).
	 2.	 Kapur, N. K., Thayer, K. L. & Zweck, E. Cardiogenic shock in the setting of acute myocardial infarction. Methodist Debakey 

Cardiovasc. J. 16(1):16–21. https://doi.org/10.14797/mdcj-16-1-16 (2020).
	 3.	 Thiele, H. et al. Management of cardiogenic shock complicating myocardial infarction: an update 2019. Eur. Heart J. 40(32), 

2671–2683. https://doi.org/10.1093/eurheartj/ehz363 (2019).
	 4.	 Arora, S. et al. Twenty year trends and sex differences in young adults hospitalized with acute myocardial infarction. Circulation 

139(8), 1047–1056. https://doi.org/10.1161/CIRCULATIONAHA.118.037137 (2019).
	 5.	 Groenland, F. T. W. et al. Intravascular ultrasound-guided versus coronary angiography-guided percutaneous coronary 

intervention in patients with acute myocardial infarction: A systematic review and meta-analysis. Int. J. Cardiol. 353, 35–42. 
https://doi.org/10.1016/j.ijcard.2022.01.021 (2022).

	 6.	 Bhatt, D. L., Lopes, R. D. & Harrington, R. A. Diagnosis and treatment of acute coronary syndromes: A review. JAMA. 327(7), 
662–675. https://doi.org/10.1001/jama.2022.0358 (2022). Erratum in: JAMA. 327(17), 1710 (2022).

	 7.	 Liu, J. et al. Eosinophils improve cardiac function after myocardial infarction. Nat. Commun. 11(1), 6396. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​3​8​/​
s​4​1​4​6​7​-​0​2​0​-​1​9​2​9​7​-​5​​​​ (2020).

	 8.	 Suleyman, G. & Alangaden, G. J. Nosocomial fungal infections: Epidemiology, infection control, and prevention. Infect. Dis. Clin. 
North. Am. 35(4), 1027–1053. https://doi.org/10.1016/j.idc.2021.08.002 (2021).

	 9.	 Zhu, Y. et al. Comparison of survival outcomes and survival prediction in patients with primary colorectal MANEC and primary 
colorectal SRCC: A population-based propensity-score matching study. J. Cancer Res. Clin. Oncol. 149(14), 13279–13300. ​h​t​t​p​s​:​/​/​
d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​0​0​4​3​2​-​0​2​3​-​0​5​0​4​3​-​z​​​​ (2023).

	10.	 Liu, J. et al. Analysis of risk factors and model establishment of recurrence after endometrial polypectomy. Ann. Palliat. Med. 
10(11), 11628–11634. https://doi.org/10.21037/apm-21-2747 (2021).

	11.	 Horan, T. C., Andrus, M. & Dudeck, M. A. CDC/NHSN surveillance definition of health care–associated infection and criteria for 
specific types of infections in the acute care setting. Am. J. Infect. Control. 36(5), 309–332. https://doi.org/10.1016/j.ajic.2008.03.002 
(2008).

	12.	 Lupercio, F. et al. P2Y12 inhibitors with oral anticoagulation for percutaneous coronary intervention with atrial fibrillation: A 
systematic review and meta-analysis. Heart 106(8), 575–583. https://doi.org/10.1136/heartjnl-2019-315963 (2020).

	13.	 Pesonen, E., Liuba, P. & Aburawi, E. H. Review findings included diminished coronary flow reserve after surgery in children with 
congenital heart disease and inflammation. Acta Paediatr. 108(2), 218–223. https://doi.org/10.1111/apa.14613 (2019).

	14.	 Farhangi, M. A. et al. 10-year survival in coronary artery bypass grafting surgery patients in Tehran heart center, coronary outcome 
measurement study: Predictive power of dietary inflammatory index and dietary antioxidant quality. Nutrition 63–64, 22–28. 
https://doi.org/10.1016/j.nut.2019.01.011 (2019).

	15.	 Zhang, J. et al. Development and validation of a nomogram containing the prognostic determinants of chondrosarcoma based on 
the surveillance, epidemiology, and end results database. Int. J. Clin. Oncol. 24(11), 1459–1467. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​1​0​1​4​7​-​0​1​
9​-​0​1​4​8​9​-​9​​​​ (2019).

	16.	 Shang, J. et al. Prognostic factors, treatment decisions, and nomograms for patients with second primary lung cancer following 
colorectal cancer: A population-based study. Updates Surg. 75(7), 1827–1842. https://doi.org/10.1007/s13304-023-01605-5 (2023).

	17.	 Zhang, J. et al. Evaluation of the effectiveness of hospital infection prevention and control based on the SMART principle. Zhong 
Nan Da Xue Xue Bao Yi Xue Ban ;48(7):1059–1065.  ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​r​​g​/​​1​0​.​1​1​8​​​1​​7​/​j​.​​i​​s​s​n​.​​​1​6​7​2​-​​​7​3​4​7​​.​​2​0​2​3​.​2​2​0​3​2​8 (2023). English, 
Chinese.

	18.	 Royston, P., Altman, D. G. & Sauerbrei, W. Dichotomizing continuous predictors in multiple regression: A bad idea. Stat. Med. 
25(1), 127–141. https://doi.org/10.1002/sim.2331 (2006).

	19.	 Harrell, F. E. Jr Regression Modeling Strategies: With Applications To Linear Models, Logistic Regression, and Survival Analysis 
(Springer, Berlin, 2015). https://doi.org/10.1007/978-3-319-19425-7

	20.	 Mert İlker, H., Faysal, S., Ahmet Çağdaş, Y., Murat, S. & Tufan, Ç. Prognostic value of intermountain risk score for short- and long-
term mortality in patients with cardiogenic shock. Coron. Artery Dis. 34(2), 154–159 (2023).

	21.	 Hayıroğlu, M. İ. et al. Clinical characteristics and outcomes of acute coronary syndrome patients with intra-aortic balloon pump 
inserted in intensive cardiac care unit of a tertiary clinic. Turk Kardiyol Dern Ars. 46(1), 10–17. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​5​5​4​3​/​t​k​d​a​.​2​0​1​7​
.​1​1​1​2​6​​​​ (2018).

	22.	 Hayıroğlu, M. İ. et al. Predictors of in-hospital mortality in patients with ST-segment elevation myocardial infarction complicated 
with cardiogenic shock. Heart Lung Circ. 28(2), 237–244 (2019).

	23.	 Akash, M. S. H. et al. Diabetes-associated infections: Development of antimicrobial resistance and possible treatment strategies. 
Arch. Microbiol. 202(5), 953–965. https://doi.org/10.1007/s00203-020-01818-x (2020).

	24.	 Yang, T. et al. Correlation between the triglyceride-to-high-density lipoprotein cholesterol ratio and other unconventional lipid 
parameters with the risk of prediabetes and type 2 diabetes in patients with coronary heart disease: A RCSCD-TCM study in 
China. Cardiovasc. Diabetol. 21(1), 93. https://doi.org/10.1186/s12933-022-01531-7 (2022).

	25.	 Kim, E. J. et al. Diabetes and the risk of infection: A National cohort study. Diabetes Metab. J. 43 (6), 804–814. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​4​
0​9​3​/​d​m​j​.​2​0​1​9​.​0​0​7​1​​​​ (2019).

	26.	 Qian, F., Zhong, Y. & Hannan, E. L. Relation between operator and hospital volumes and long-term outcomes for percutaneous 
coronary intervention in New York. Am. J. Cardiol. 125(5), 694–711. https://doi.org/10.1016/j.amjcard.2019.11.034 (2020).

Scientific Reports |        (2025) 15:38776 8| https://doi.org/10.1038/s41598-025-22714-8

www.nature.com/scientificreports/

https://doi.org/10.1093/eurjpc/zwac285
https://doi.org/10.14797/mdcj-16-1-16
https://doi.org/10.1093/eurheartj/ehz363
https://doi.org/10.1161/CIRCULATIONAHA.118.037137
https://doi.org/10.1016/j.ijcard.2022.01.021
https://doi.org/10.1001/jama.2022.0358
https://doi.org/10.1038/s41467-020-19297-5
https://doi.org/10.1038/s41467-020-19297-5
https://doi.org/10.1016/j.idc.2021.08.002
https://doi.org/10.1007/s00432-023-05043-z
https://doi.org/10.1007/s00432-023-05043-z
https://doi.org/10.21037/apm-21-2747
https://doi.org/10.1016/j.ajic.2008.03.002
https://doi.org/10.1136/heartjnl-2019-315963
https://doi.org/10.1111/apa.14613
https://doi.org/10.1016/j.nut.2019.01.011
https://doi.org/10.1007/s10147-019-01489-9
https://doi.org/10.1007/s10147-019-01489-9
https://doi.org/10.1007/s13304-023-01605-5
https://doi.org/10.11817/j.issn.1672-7347.2023.220328
https://doi.org/10.1002/sim.2331
https://doi.org/10.1007/978-3-319-19425-7
https://doi.org/10.5543/tkda.2017.11126
https://doi.org/10.5543/tkda.2017.11126
https://doi.org/10.1007/s00203-020-01818-x
https://doi.org/10.1186/s12933-022-01531-7
https://doi.org/10.4093/dmj.2019.0071
https://doi.org/10.4093/dmj.2019.0071
https://doi.org/10.1016/j.amjcard.2019.11.034
http://www.nature.com/scientificreports


	27.	 Cai, S. et al. Mitochondrial dysfunction in macrophages promotes inflammation and suppresses repair after myocardial infarction. 
J. Clin. Invest. 133(4), e159498. https://doi.org/10.1172/JCI159498 (2023).

	28.	 Bezati, S. et al. Infection as an under-recognized precipitant of acute heart failure: Prognostic and therapeutic implications. Heart 
Fail. Rev. 28(4), 893–904. https://doi.org/10.1007/s10741-023-10303-8 (2023).

	29.	 Pocock, S. J. et al. Meta-Analysis global group in chronic heart Failure. Predicting survival in heart failure: A risk score based on 
39 372 patients from 30 studies. Eur. Heart J. 34(19), 1404–1413. https://doi.org/10.1093/eurheartj/ehs337 (2013).

	30.	 Nieminen, M. S. et al. Survey Investigators; heart failure association, European society of cardiology. EuroHeart failure survey 
II (EHFS II): A survey on hospitalized acute heart failure patients: Description of population. Eur. Heart J. 27(22), 2725–2736. 
https://doi.org/10.1093/eurheartj/ehl193 (2006).

	31.	 Plata-Menchaca, E. P. & Ferrer, R. Current treatment of nosocomial pneumonia and ventilator-associated pneumonia. Rev. Esp. 
Quimioter. 35(3), 25–29. https://doi.org/10.37201/req/s03.06.2022 (2022).

	32.	 Liu, J. Y. & Dickter, J. K. Nosocomial infections: A history of hospital-acquired infections. Gastrointest. Endosc Clin. N Am. 30(4), 
637–652. https://doi.org/10.1016/j.giec.2020.06.001 (2020).

	33.	 Li:857873. https://doi.org/10.3389/fpubh.2022.857873
	34.	 Menegueti, M. G. et al. Long-term prevention of catheter-associated urinary tract infections among critically ill patients through 

the implementation of an educational program and a daily checklist for maintenance of indwelling urinary catheters: A quasi-
experimental study. Medicine (Baltimore) 98(8), e14417. https://doi.org/10.1097/MD.0000000000014417 (2019).

	35.	 Li, F. et al. Risk factors for catheter-associated urinary tract infection among hospitalized patients: A systematic review and meta-
analysis of observational studies. J. Adv. Nurs. 75(3), 517–527. https://doi.org/10.1111/jan.13863 (2019).

	36.	 Morillo, C. M. R. et al. Periodontopathogenic bacteria in subglottic samples from patients undergoing elective intubation for 
general anesthesia: A pilot study. J. Periodontol. 92(8), e94–e102. https://doi.org/10.1002/JPER.19-0570 (2021).

	37.	 Facciolà, A. et al. The role of the hospital environment in the healthcare-associated infections: A general review of the literature. 
Eur. Rev. Med. Pharmacol. Sci. 23(3), 1266–1278. https://doi.org/10.26355/eurrev_201902_17020 (2019).

	38.	 Wu, J. et al. Association between time of hospitalization with acute myocardial infarction and in-hospital mortality. Eur. Heart J. 
40(15), 1214–1221. https://doi.org/10.1093/eurheartj/ehy835 (2019).

Author contributions
Shuo Huang and Yahui Zhou carried out study concepts and design, and manuscript editing; Shuo Huang, Yahui 
Zhou and Dandan Han helped to clinical studies, data acquisition; Shuo Huang, Yahui Zhou and Ran Zhou 
helped to data and statistical analysis and manuscript preparation; Dandan Han and Ran Zhou were the guaran-
tor of integrity of the entire study, helped to literature research and manuscript review.

Funding
This study was supported by Jilin City Science And Technology Innovation Development Plan Project Medical 
And Health Guidance Project, Project number: 20230406125.

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval and informed consent
All procedures performed in studies involving human participants were in accordance with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.This study was granted an exemption 
from ethics approvalapproved by the Ethics Committee of Jilin City Hospital of Chemical Industry(approval 
No. IEC-2020-010-01), and written informed consent was obtained. Informed consent was obtained from all 
individual participants included in the study.

Additional information
Correspondence and requests for materials should be addressed to D.H. or R.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2025 

Scientific Reports |        (2025) 15:38776 9| https://doi.org/10.1038/s41598-025-22714-8

www.nature.com/scientificreports/

https://doi.org/10.1172/JCI159498
https://doi.org/10.1007/s10741-023-10303-8
https://doi.org/10.1093/eurheartj/ehs337
https://doi.org/10.1093/eurheartj/ehl193
https://doi.org/10.37201/req/s03.06.2022
https://doi.org/10.1016/j.giec.2020.06.001
https://doi.org/10.3389/fpubh.2022.857873
https://doi.org/10.1097/MD.0000000000014417
https://doi.org/10.1111/jan.13863
https://doi.org/10.1002/JPER.19-0570
https://doi.org/10.26355/eurrev_201902_17020
https://doi.org/10.1093/eurheartj/ehy835
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Analysis of risk factors and construction of nomogram model for nosocomial infection in patients with acute myocardial infarction after percutaneous coronary intervention
	﻿Materials and methods
	﻿Study population and design
	﻿Inclusion criteria
	﻿Exclusion criteria


	﻿Data collection
	﻿Definition of nosocomial infection
	﻿Statistical analysis
	﻿Results
	﻿Comparison of clinical characteristics between the two groups
	﻿ROC curve analysis of predictive variables
	﻿Multivariate logistic regression analysis of nosocomial infection after PCI
	﻿Development of a nomogram prediction model for hospital-acquired infection
	﻿Nomogram model calibration curve and clinical net benefit analysis

	﻿Discussion
	﻿References


