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Objective: To investigate the correlation between serum parathyroid hormone (PTH) levels and in-hospital major adverse cardio
vascular events (MACE) in patients with acute ST-segment elevation myocardial infarction (STEMI) after primary percutaneous 
coronary intervention (PCI), and establish a risk prediction model based on parameters such as PTH for in-hospital MACE.
Methods: This observational retrospective study consecutively enrolled 340 patients who underwent primary PCI for STEMI between 
January 2016 and December 2020, divided into a MACE group (n=92) and a control group (n=248). The least absolute shrinkage and 
selection operator (LASSO) and logistic regression analyses were used to determine the risk factors for MACE after primary PCI. The 
rms package in R-studio statistical software was used to construct a nomogram, to detect the line chart C-index, and to draw a 
calibration curve. The decision curve analysis (DCA) method was used to evaluate the clinical application value and net benefit.
Results: Correlation analysis revealed that PTH level positively correlated with the occurrence of in-hospital MACE. Receiver 
operating characteristic curve analyses revealed that PTH had a good predictive value for in-hospital MACE. Multivariate logistic 
regression analysis indicated that Killip class II–IV, and FBG were independently associated with in-hospital MACE after primary 
PCI. A nomogram model was constructed using the above parameters. The model C-index was 0.894 and the calibration curve 
indicated that the model was well calibrated. The DCA curve suggested that the nomogram model was better than TIMI score model in 
terms of net clinical benefit.
Conclusion: Serum PTH levels in patients with STEMI are associated with in-hospital MACE after primary PCI, and the nomogram 
risk prediction model based on PTH demonstrated good predictive ability with obvious clinical practical value.
Keywords: parathyroid hormone, acute ST-segment elevation myocardial infarction, percutaneous coronary intervention, nomograms

Introduction
Acute myocardial infarction (AMI) is the leading cause of cause-specific mortality in both developed and developing 
countries.1 In China, the incidence of AMI has increased dramatically over recent decades, becoming a significant cause 
of death during hospitalization and post-discharge.2,3 The China PEACE Prospective Study of AMI reported that 2.5% of 
patients had recurrence of AMI within 1 year after discharge, with a 1-year mortality rate approaching 28%. Therefore, 
early prediction and intervention of in-hospital major adverse cardiovascular events (MACE) after primary percutaneous 
coronary intervention (PCI) for acute ST-segment elevation myocardial infarction (STEMI) is particularly important. 
Recent studies reveal that clinical biochemical indicators such as parathyroid hormone (PTH), CysC, C-reactive protein 
(CRP), and fasting blood glucose (FBG) can potentially be used to assess post-PCI risk.4–6
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PTH is a product of the parathyroid glands that influences calcium and phosphorus homeostasis by regulating 1α-25- 
dihydroxyvitamin D. PTH receptors are widely distributed in the cardiovascular system, including vascular smooth 
muscle cells, vascular endothelial cells, and cardiac myocytes, and are important targets for endocrine hormones.7 PTH is 
associated with the development of hypertension, left ventricular hypertrophy, and heart failure (HF). It is also an 
independent predictor of cardiovascular events in patients with coronary artery disease (CAD), predicting endpoints such 
as ischemic events, HF, and death.8–10 Previous studies have focused on several single predictive factors of MACE; 
however, in the real world, multiple risk factors often coexist and mutually influence each other. Considering the 
limitations of single factors in clinical practice, the construction of a stable clinical model based on multiple biomarkers 
is necessary and may contribute to the identification of patients at high risk of developing MACE.

Therefore, this study established a nomogram model for predicting the risk of in-hospital MACE in patients who 
underwent primary PCI using common indicators in clinical practice, and validated the stability of the model.

Patients and Methods
Study Design, Patients, and Clinical Endpoints
This study is a single-center clinical trial. A total of 518 patients with acute STEMI who had undergone primary PCI 
between January 2016 and December 2020 were retrospectively reviewed and included. The diagnosis of STEMI was 
based on the diagnostic criteria of the European Society of Cardiology (ESC).11

The exclusion criteria were as follows: (1) a history of myocardial infarction, PCI, or coronary artery bypass graft 
surgery; (2) a history of cerebral infarction; (3) pulmonary embolism, aortic coarctation, acute and chronic nephritis, and 
other systemic diseases; (4) combined diseases including hematologic, malignant, or autoimmune diseases, as well as 
acute and chronic infectious diseases; (5) combined diseases that can cause elevated levels of serum PTH, such as severe 
HF, abnormal liver and kidney functions (alanine aminotransferase [ALT] or aspartate aminotransferase [AST] > 3 times 
the upper limit of normal value, estimated glomerular filtration rate [eGFR] < 30mL/min*1.73m²); and (6) intraoperative 
complications of coronary artery dissection, perforation, and others.

Overall, 178 patients were excluded from the study; 100 with a history of myocardial infarction, cerebral infarction, 
coronary intervention, and coronary artery bypass graft surgery; 73 with hematologic, malignant, autoimmune diseases, 
or acute and chronic infectious diseases; and five with intraoperative complications of coronary artery dissection. Finally, 
340 patients were included in this study, all of whom were administered standardized dual antiplatelet therapy (aspirin + 
tegretol/clopidogrel) upon admission.

The clinical endpoints were in-hospital MACE during hospitalization after primary PCI, including cardiogenic shock, 
cardiogenic death, myocardial reinfarction, HF, and fatal arrhythmias.

Grouping
Based on the occurrence of in-hospital MACE, the patients were divided into two groups; the MACE group (n=92) and 
the control group (n=248). The MACE group was further divided into two subgroups based on the occurrence of HF; the 
HF (n=78) and non-HF (n=14) subgroups. According to whether the patients had adverse events after discharge, the 
discharged patients were divided into pMACE group (n = 57) and control group 2 (n = 191).

PCI
All patients underwent primary PCI within 120 minutes of admission. Coronary angiography and coronary stenting were 
performed by at least two senior physicians with extensive experience. The interventional strategy was determined and 
recorded by the operator in accordance with the 2014 ESC / European Association for Cardio-Thoracic Surgery 
Guidelines on myocardial revascularization.12 These include the status of coronary lesions (including the number of 
lesions, lesion sites of the target vessel, degree of stenosis, classification of blood flow, degree of calcification, and 
condition of bifurcation lesion), intraoperative intervention (including the number of interventional vessel branches, 
pretreatment of the target lesion, number of dilatations, number of stents implanted, total length of the stent, diameter of 
the stent, management of bifurcation lesion, and post-dilatation data), and postoperative blood flow in the target vessels.
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Ethics Approval The Medical Ethics Committee of the 904th Hospital of the PLA Joint Logistics Support Force 
approved this clinical study under protocol No. 20160102. Each patient signed a written consent form, so that their 
information could be stored in the hospital’s database and used in the analysis.

Laboratory Tests
Clinical data were collected from all patients on admission, including age, sex, weight, and the status of hypertension, 
diabetes mellitus, smoking, and alcohol consumption. Fasting cubital venous blood was collected within 24 h of 
admission for routine blood tests. The indicators of routine blood tests included hemoglobin, platelets, white blood 
cells, neutrophils, and lymphocytes. In addition, indicators of routine biochemical tests, including albumin, serum 
creatinine (Scr), lactate dehydrogenase (LDH), FBG, CRP, and CysC, were measured using a fully automated biochem
ical analyzer (Beckman, USA). For males, the formula for the eGFR was as follows: eGFR (mL/min/1.73 m2) = (140- 
age) × weight/0.818 × Scr (µmol/l). The eGFR of women was 0.85 times that of men. Renal insufficiency was defined as 
an eGFR <90 (mL/min/1.73 m2) on admission.

Assessment of Thrombosis in Myocardial Infarction (TIMI) score
The TIMI score was assessed in patients with STEMI. The following eight dichotomous variables were of specific 
concern: age, systolic blood pressure (SBP), diabetes, hypertension or angina, heart rate, Killip classification, weight, 
anterior MI, and time to treatment. Among these, anterior ST elevation or left bundle branch block, major risk factors 
(history of hypertension, diabetes mellitus, or angina), weight <67 kg, and time to treatment > 4 hours were scored 1 
point each; Killip Class II–IV, heart rate > 100 bpm, and age between 65 and 74 years were scored 2 points each; and 
SBP <100 mmHg and age ≥75 years were scored 3 points each. Thus, the total score varied between 0 and 14.13

Killip Classification
The Killip classification was determined based on the previous literature as follows: class 1, no signs of heart failure; 
class 2, signs indicating mild to moderate heart failure (ie, third heart sound gallop, rales halfway up the lung fields, or 
elevated jugular venous pressure); class 3, pulmonary edema; and class 4, cardiogenic shock or refractory hypotension.14

Statistical Analysis
SPSS version 22.0 was used for statistical analyses. The Kolmogorov–Smirnov test was used to evaluate the normality of the 
continuous data. When the data were distributed normally, they were denoted as mean ± standard deviation; otherwise, they 
were reported as median (25th quartile, 75th quartile). Statistical differences between continuous data were compared using 
Student’s t-test or one-way analysis of variance for normally distributed values and the Mann–Whitney U-test for non- 
normally distributed data. Categorical variables are reported as frequencies with percentages. Proportions were assessed using 
the chi-squared test or Fisher’s exact test if the expected frequency was <5. Spearman correlation analysis was used to evaluate 
the association between PTH levels and MACE after primary PCI. Receiver operating characteristic (ROC) curves generated 
based on PTH levels, and the least absolute shrinkage and selection operator (LASSO) regression analysis performed using the 
glmnet package (4.1–3) of R-studio software (www.r-project.org, version 4.1.2) were used to determine the risk factors for 
MACE after primary PCI. Variables with P values < 0.1 in the comparison of general information between the patients with 
and without in-hospital MACE after primary PCI were included in the univariate logistic regression analysis, and the variables 
with univariate P values < 0.1 were included in the multivariate logistic analysis to determine the independent risk factors for 
in-hospital MACE after primary PCI. The nomogram was constructed, the C-index was measured, and calibration curves were 
plotted using the rms package (6.2–0) of the R-studio software. The applicative value in clinical practice and the net benefit 
were evaluated using the method of decision curve analysis (DCA). All tests were 2-tailed, and statistical significance was 
defined as a p-value <0.05.
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Results
Patient Characteristics
Overall, 340 patients (239 men and 101 women) were included. The mean age was 58.5 ± 13.5 years. Ninety-two 
(27.06%) patients experienced MACE during hospitalization; 10 (2.94%) cardiogenic deaths, 12 (3.53%) experienced 
cardiogenic shock, four (1.17%) had myocardial reinfarction, 78 (22.94%) had HF, and 24 (7.06%) had fatal arrhythmia.

Association Between PTH and Clinical Outcomes
Spearman correlation analysis showed that PTH was positively correlated with the occurrence of fatal arrhythmias, HF, 
cardiogenic shock, cardiogenic death, and overall MACE after primary PCI. The strongest correlation was that between 
PTH and overall in-hospital MACE after primary PCI, indicating that the higher the PTH level, the higher the likelihood 
of in-hospital MACE after primary PCI (P<0.05, Table 1).

Assessment of the Predictive Value of PTH for in-Hospital MACE After Primary PCI 
Using ROC Curve
ROC curve analysis was used to assess the predictive value of PTH level for in-hospital MACE after primary PCI. The 
results showed that PTH (cut-off value of 68.35 pg/mL) had the highest predictive efficacy for in-hospital MACE after 
primary PCI, with sensitivity, specificity, and area under the ROC curve of 65.2%, 81.9%, and AUC=0.754, 95% CI 
(0.694–0.814), P<0.01, respectively (Figure 1), indicating a good predictive ability for in-hospital MACE after 
primary PCI.

Risk Factors for MACE Using LASSO Regression
Sixty-three candidate variables were obtained within 24 h of admission, and these were used for the LASSO regression 
analysis. With the gradual contraction of the penalty parameter λ, the value of λ with the minimum error in 10-fold cross- 
validation was selected as the optimal value for the model, and the number of candidate variables for the model was 
reduced to seven (Figure 2A and B), including Killip Class II–IV, renal insufficiency, PTH, LDH, CysC, CRP, and FBG.

Comparison of Patient Characteristics and Risk Factors Between Groups
Based on the results of Lasso regression analysis, according to the known clinical risk factors and previous literature 
reports, we supplemented the parameters such as age, diabetes, hypertension, admission systolic blood pressure, 
neutrophils, eGFR, BNP and fibrinogen to compare the data between the two groups.15–18 The results revealed that 
compared to those without in-hospital MACE, patients with in-hospital MACE after PCI were much older, had higher 
proportions of combined diseases (including diabetes, renal insufficiency, and Killip Class II–IV), higher levels of 
neutrophil count, BNP, FIB, PTH, LDH, CysC, CRP, and FBG, and lower levels of SBP and eGFR on admission. 
Compared to those without HF, patients with HF during hospitalization after PCI were older, had more comorbid diseases 
(including diabetes, renal insufficiency, and cardiac insufficiency), and had higher levels of neutrophil count, BNP, FIB, 
PTH, LDH, CysC, CRP, and FBG, and lower levels of SBP and eGFR on admission. Patients with other in-hospital 
MACE after PCI had significantly lower SBP on admission and higher neutrophil count and BNP, PTH, and LDH levels 
(P<0.05, Table 2).

Table 1 Correlation Analysis Between PTH and Various Adverse Outcomes of Hospitalization After 
Emergency PCI

Statistic FA HF CS Myocardial Reinfarction Cardiac Death MACE

r 0.187 0.374 0.27 0.053 0.22 0.391

P 0.001 <0.001 <0.001 0.329 <0.001 <0.001

Abbreviations: FA, Fatal arrhythmia; HF, Heart failure; CS, cardiogenic shock; MACE, MajorAdverseCardiovascularEvents.
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Univariate and Multifactorial Logistic Regression Analyses
Univariate logistic regression analysis revealed that age, diabetes, renal insufficiency, Killip Class II–IV, SBP, neutrophil 
count, eGFR, BNP, PTH, LDH, CysC, CRP, FBG, and FIB were factors associated with the occurrence of in-hospital 
MACE after PCI (P < 0.05, Table 3).

Factors with statistically significant differences (P<0.1) in the results of the univariate logistic regression were further 
analyzed for collinearity, and the results showed that the variance inflation factors for age, SBP, renal insufficiency, neutrophil 
count, eGFR, BNP, PTH, LDH, CysC, CRP, FBG, and FIB were <10 and the tolerance was >0.1, suggesting no collinearity 
among these factors. Thus, they were eligible for inclusion in the multivariable logistic regression analysis. Considering the 
excessive difference between the highest and lowest values, a Log10 transformation was performed for LDH and BNP levels. 
Finally, a nomogram was constructed, and the results showed that the PTH level (OR=1.016, 95% CI 1.004–1.028, P=0.011) 
was independently correlated with in-hospital MACE after PCI (P< 0.05, Table 3).

Construction and Validation of the Nomogram
Based on the results of the LASSO regression and multivariable logistic regression analyses, we selected six variables 
(including Killip Class II–IV, PTH, LDH, CysC, CRP, and FBG) that were relatively stable in both models to construct 
the nomogram, aiming to predict the occurrence of in-hospital MACE after PCI (Figure 3). The higher the total score 
derived from the sum of the assigned points for each variable in the nomogram, the higher the risk of in-hospital MACE 
after PCI. For example, if the patient was at Killip Class II, and had PTH of 90 pg/mL, lg (LDH) of 2.4, CysC of 1 mg/L, 
CRP of 60 mg/L, and FBG of 6 mmol/L, the points for each variable would be approximately 55, 27.5, 17.5, 25, 25, and 

Figure 1 ROC curve of PTH in predicting adverse events of hospitalization after emergency PCI.
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A

B

Figure 2 Texture feature selection using the least absolute shrinkage and selection operator (LASSO) binary logistic regression model. (A) LASSO coefficient profiles of the 
63 features. A coefficient profile plot was produced against the log(λ) sequence. Vertical lines were drawn at the value selected using tenfold cross-validation, where optimal 
λ resulted in 7 non-zero coefficients. (B) The tuning parameter (λ) selection in the LASSO model used tenfold cross-validation via minimum criteria. The area under the 
receiver operating characteristic (AUC) curve was plotted versus log(λ). Dotted vertical lines were drawn at the optimal values. The λ value was 0.068.
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17.5, respectively, a total score of 167.5 points, indicating that the predicted probability of in-hospital MACE after PCI 
was approximately 80% (Figure 3).

The C-index of the prediction model was 0.894 (95% CI 0.854–0.933), which was > 0.85, indicating that the model 
has a reliable discriminatory ability. Bootstrapping with 1000 replicates was performed to eliminate bias., the C-index of 
the prediction model was 0.855 and the calibration plot showed slight fluctuations between the prediction curve and the 
ideal curve (the diagonal line), indicating good calibration of the prediction model and good agreement between the 
nomogram-predicted and observed probabilities of in-hospital MACE after PCI (Figure 4).

Table 2 Comparison of Clinical and Biochemical Data of Hospitalized Patients with Different Outcomes After Emergency PCI

Variables Control Group (n=248) MACE Group (n=92) HF Group (n=78) Non-HF Group (n=14)

Age, year 57(48,67) 61.5(51.25,73.75)b 62.5(54.5,74.25)b 58.5(47.25,70.5)
DM, n(%) 42(16.94) 29(31.52)b 25(32.05)b 4(28.57)

HTN, n(%) 137(55.24) 59(64.13) 50(64.10) 9(64.29)

RI, n(%) 89(35.89) 64(69.56)a 57(73.08)a 7(50.0)
Killip 2–4 10(4.03) 47(50.09)a 46(58.97)a 1(7.14)

SBP,(mmHg) 128(120,140) 120(104.25,140)b 120.5(104.75,140.0)b 108.5(103.75,125.5)b

NE,(109/L) 7.095(5.0425,9.09) 8.35(5.915,11.3925)b 8.055(5.82,11.463)b 8.73(7.5275,11.325)b

eGFR,(mL/min/1.73m2) 100.990(82.395,125.916) 78.4368(60.2574,98.815)a 77.1449(51.7998,94.45)a 90.2481(74.0455,115.945)

BNP,(pg/mL) 262.50(99.0,557.25) 925.0(266.25,2409.25)a 1261.5(215.5,2771.25)a 391.5(300.0,1277.5)b

FIB,(g/L) 2.85(2.325,3.3825) 3.355(2.81,4.0675)a 3.49(2.865,4.25)a 2.975(2.1425,3.368)

PTH,(pg/mL) 48(36.375,64.9) 76.7(56.4,104.175)a 76.95(57,107.1)a 72.85(53.7,82.525)b

LDH, (u/L) 443(286.75,721) 722(518.75,1190.25)a 722(474.25,1205.5)a 743.5(553.25,1128.5)b

CysC,(mg/L) 0.83(0.74,0.95) 0.97(0.85,1.235)a 1(0.8575,1.295)a 0.855(0.8025,0.995)

CRP,(mg/L) 6.025(2.725,12.65) 20.85(7.65,51.203)a 25.59(10.525,61.8)a 6.35(4.325,9.65)

FBG,(mmol/L) 5.755(5.09,6.7) 6.71(5.58,9.135)a 6.905(5.61,10.12)a 5.84(5.2725,7.5975)

Notes: aP<0.01, bP<0.05. 
Abbreviations: DM, Diabetes mellitus; HTN, Hypertension; RI, Renal insufficiency; SBP, Systolic blood pressure; NE, Neutrophil; eGFR, Estimated glomerular filtration 
rate; BNP, Brain natriuretic peptide; FIB, Fibrinogen; PTH, Parathyroid hormone; LDH, Lactate dehydrogenase; CysC, Cystatin C; CRP, C-reactive protein; FBG, Fasting 
blood glucose.

Table 3 Univariate and Multivariate Logistic Regression Analysis of in-Hospital Adverse Events After Emergency PCI

Variables Univariate Logistic Regression Multivariate Logistic Regression

B Wald 95% CI P B Wald 95% CI P

Age 0.027 8.039 1.027(1.008–1.047) 0.005
DM 0.814 8.393 2.258(1.301–3.917) 0.004

RI 1.407 28.745 4.083(2.441–6.83) <0.001

Killip class 2–4 3.213 69.901 24.858(11.704–52.795) <0.001 2.551 34.105 12.824(5.447–30.192) <0.001
SBP −0.019 9.597 0.981(0.969–0.993) 0.002

NE 0.139 14.835 1.149(1.071–1.234) <0.001

eGFR −0.025 30.338 0.975(0.967–0.984) <0.001
Lg (BNP) 1.424 38.847 4.153(2.654–6.498) <0.001

PTH 0.002 29.366 1.002(1.001–1.002) <0.001 0.016 6.42 1.016(1.004–1.028) 0.011

Lg (LDH) 2.617 28.306 13.694(5.222–35.509) <0.001 1.965 9.112 7.137(1.992–25.569) 0.003
CysC 0.035 33.861 1.036(1.024–1.048) <0.001 1.898 11.564 6.672(2.235–19.923) 0.001

CRP 0.213 22.449 1.238(1.133–1.352) <0.001 0.019 6.936 1.019(1.005–1.033) 0.008

FBG 0.493 18.222 1.637(1.306–2.054) <0.001 0.202 13.278 1.224(1.098–1.364) <0.001
FIB 0.027 8.039 1.027(1.008–1.047) 0.005

Abbreviations: DM, Diabetes mellitus; RI, Renal insufficiency; SBP, Systolic blood pressure; NE, Neutrophil; eGFR, Estimated glomerular filtration rate; BNP, Brain 
natriuretic peptide; FIB, Fibrinogen; PTH, Parathyroid hormone; LDH, Lactate dehydrogenase; CysC, Cystatin C; CRP, C-reactive protein; FBG, Fasting blood glucose.
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Figure 3 Nomogram for predicting the probability of in-hospital MACE after primary PCI.

Figure 4 Calibration curve for predicting the probability nomogram of in-hospital MACE after primary PCI. The calibration plot shows the agreement between the 
predicted (x-axis) and observed (y-axis) risks of in-hospital MACE after PCI; the x-axis indicates the predicted risk of in-hospital MACE, and the y-axis indicates the observed 
risk of in-hospital MACE. Further, the calibration plot shows the predicted risk of in-hospital MACE for primary PCI after bootstrapping with 1000 replicates. The diagonal 
line indicates that the ideal curve is consistent with the actual curve and the solid line indicates the actual performance of the prediction model. The proximity of the solid 
line to the dashed diagonal line indicates the accuracy of the prediction model.
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Comparison of the Clinical Performance Between the Nomogram and TIMI Score 
Using DCA
DCA was used to compare the clinical performance of the nomogram and TIMI scores in this study. Pt is the threshold 
probability of in-hospital MACE after primary PCI in DCA patients. The DCA revealed that when Pt was > 0, the 
nomogram model started to gain more net benefits relative to the hypothesis that all patients were negative or positive for 
in-hospital MACE after primary PCI. The net benefit gained by the nomogram was greater than that of the TIMI score 
when the Pt ranged between 0 and 0.92. The above results suggest that, compared to the TIMI score, the nomogram has a 
better net benefit in a larger range of Pt, indicating that the nomogram has some advantages in clinical practice (Figure 5).

Taking the occurrence of adverse events after discharge as the dependent variable and the line chart score as the 
covariable, the time-dependent ROC curve analysis (Figure 6) was constructed to obtain the ROC curve for predicting 
the adverse events of emergency PCI patients after discharge. The results suggest that the nomogram score has a certain 
value in predicting the occurrence of adverse events in emergency PCI patients within 3 years after discharge. The area 
under the ROC curve for 180 days was 0.659, the CUT off value was 86.29, the specificity was 85.2%, and the sensitivity 
was 55.2%. Taking the nomogram score 86.29 as the boundary, Kaplan-Meier survival analysis showed that there were 
significant differences in the risk of adverse events after discharge among patients in different groups (LogRank test, P < 
0.05) (Figure 7).

Discussion
Primary PCI has become the main treatment for STEMI and has greatly reduced the overall mortality of AMI; however, 
MACE still occur frequently during hospitalization, with an in-hospital mortality rate of nearly 3%. Therefore, it is 

Figure 5 DCA of the nomogram model and TIMI score. In the DCA of the nomogram and TIMI score, the y-axis indicates the net benefit, the blue line indicates the 
nomogram, and the red line indicates the TIMI score. The gray line indicates the hypothesis that all patients who underwent primary PCI had in-hospital MACE, while the 
black horizontal line indicates the hypothesis that all patients who underwent primary PCI did not have in-hospital MACE. Two competing strategies were tested: (1) 
prediction of the probability of in-hospital MACE after primary PCI using a TIMI score, and (2) prediction of the probability of in-hospital MACE after primary PCI using a 
nomogram. The net benefit was obtained by comparing the first strategy with second strategy. As an example, in a population with approximately 250 MACE per 1000 
person in hospital, for a decision threshold of 60% hospital risk of death, compared with not using any model the Nomogram model would identify 102 additional true MACE 
per 1000 subjects, without increasing the number of false positive predictions. Not using a model would assume that all subjects have the same risk and is illustrated by the 
two alternatives of either assuming all are at low risk or that all are at high risk. The corresponding net benefit of using TIMI score model is 50 additional true deaths.
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important to predict the occurrence of in-hospital MACE after primary PCI. Modeling studies have assessed the 
prognosis of myocardial infarction. Quanmei et al constructed a nomogram to predict the occurrence of cardiac 
MACE after STEMI based on radiological parameters,19,20 and Nan et al developed a risk model to predict in-hospital 
mortality after primary PCI in patients with STEMI.20 However, these studies were either based on images of patients 
and complicated modeling, or set a single event as the endpoint, which limited the predictive value of the models. In this 
study, the nomogram was constructed based on common biochemical and pathophysiological indicators of the patients 
for predicting in-hospital MACE after PCI. This model included more comprehensive parameters, had a more concise 
structure, and better operability and reproducibility.

PTH is an independent predictor of CAD21 and hospitalization due to HF.22 Prospective studies have found that 
increased PTH levels are associated with increased mortality, particularly cardiovascular mortality.23 However, no studies 
have correlated PTH levels with the occurrence of in-hospital MACE in patients undergoing primary PCI. In our study, 
we found a significant correlation between PTH levels and the occurrence of in-hospital MACE using the Spearman 
correlation test, and the ROC curve showed that PTH has some predictive value for the occurrence of in-hospital MACE 
in patients undergoing primary PCI. The results of the LASSO regression suggest that PTH, CysC, CRP, LDH, FBG, and 
Killip Class II–IV were independent risk factors for in-hospital MACE after primary PCI. In addition, in the comparison 
of general information, we found a significantly higher PTH level in patients who developed HF after PCI, which is also 
consistent with the results of previous studies.

CysC, a member of the superfamily of endogenous cysteine protease inhibitors, is small, can be freely filtered by the 
glomerulus without being secreted or reabsorbed by renal tubular epithelial cells, and may be a more sensitive marker of 
renal function than creatinine.24,25 CysC is involved in the development of CAD and has predictive value for CAD 
prognosis.26,27 Studies have shown that elevated levels of CysC are associated with an increased risk of cardiovascular 
mortality in the elderly28 and in patients with stable CAD27 or non-STEMI.4 In our study, LASSO regression analysis 
showed that both CysC and eGFR were independently associated with the occurrence of in-hospital MACE after primary 
PCI. However, in the results of multivariable logistic regression analysis, eGFR was not an independent risk factor for in- 
hospital MACE after primary PCI, which may be attributed to the small sample size of the study, with other variables, 
such as sex, age, and weight influencing eGFR, and the fact that CysC is more sensitive to changes in renal function 

Figure 6 Prediction of adverse events in emergency PCI patients after discharge by time-dependent ROC curve.
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relative to eGFR. Considering that CysC can reflect renal function to some extent, we selected six parameters, including 
PTH, CysC, CRP, LDH, FBG, and Killip Class IV, to construct the prediction model.

In patients with myocardial infarction, CRP can deposit in the infarcted region of the myocardium and exert a pro- 
myocyte necrotic effect.29,30 CRP is also clearly associated with coronary microcirculatory dysfunction (MVD) after 
AMI, and the development of MVD often suggests poor prognosis after AMI.31 In 2019, Jun et al found that elevated 
levels of high-sensitivity CRP were significantly associated with the post-PCI incidence of poor outcomes.6 Moreover, 
LDH can be used as a single protein biomarker for AMI diagnosis.32 High LDH levels in AMI reflect a larger infarct size 
and, therefore, may predict a poor prognosis.33 In addition, FBG level is an independent predictor of AMI prognosis. 
Studies have demonstrated that FBG level on admission is also an independent predictor of all-cause mortality after AMI, 
even after the correction for glycosylated hemoglobin,5 possibly because the levels of FBG after admission in patients 
with AMI reflect the intensity of stress to some extent, which not only increases insulin resistance but is also related to 
the levels of adrenaline and cortisol.34 Killip classification is a useful tool for assessing cardiac function in patients with 
AMI. As reported by Jun et al, Killip classification (Grades II–IV) is an independent risk factor for in-hospital mortality 
in patients with AMI, and those with Killip Class II–IV have a higher likelihood of cardiogenic shock, HF, and 
ventricular fibrillation during hospitalization.35 Based on the above results, it could be inferred that PTH, CysC, LDH, 
CRP, FBG, and Killip class play important roles in assessing in-hospital prognosis in patients with AMI, and our study 
further confirmed the value of these factors in the prognosis of AMI.

Figure 7 Evaluation of event-free survival of emergency PCI patients after discharge by Nomogram score.
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In this study, 63 clinical parameters were analyzed using LASSO regression analysis. Combining the results of 
LASSO analysis with the previously reported risk factors of in-hospital MACE in AMI patients, a multivariate logistic 
regression analysis was performed, and a nomogram was constructed with the variables PTH, CysC, LDH, CRP, FBG, 
and Killip Class II–IV, which perfectly avoided the instability of single models and greatly increased the reliability of the 
nomogram. In the subsequent test for discrimination, the C-index of the nomogram was 0.894, suggesting excellent 
discrimination ability, and the calibration plot after bootstrapping with 1000 replicates showed that the predictive curve 
fluctuated slightly around the ideal curve, indicating that the prediction model had good calibration ability. In addition, 
DCA was used to compare the clinical utility of the nomogram and the TIMI score, and the results showed that the 
application value of our nomogram was significantly better than that of the TIMI score system. The above findings 
suggest that the nomogram is valuable in predicting the occurrence of in-hospital MACE after primary PCI, and can 
facilitate earlier interventions for patients. In addition, we also use the nomogram score to predict the occurrence of 
adverse events after discharge. The results of time-dependent ROC curve suggest that the nomogram model has a certain 
diagnostic efficacy. KM curve analysis showed that there were significant differences in the risk of adverse events after 
discharge among patients with different nomogram score group, indicating that our nomogram model also has a certain 
value in predicting the short-term prognosis of patients.

Study Limitations
Previous research has reported that experienced surgeons can effectively reduce perioperative mortality rates.36 

Therefore, in our study, all surgeons involved possessed extensive surgical experience in order to minimize the 
occurrence of adverse events during the perioperative period and reduce any remaining influencing factors as far as 
possible. Tokarek et al found that performing surgeries during rest time may result in a higher perioperative mortality rate 
compared to surgeries performed during working hours.37 In our study, eight surgeons took turns on duty, ensuring that 
all on-duty surgeons received adequate rest during the day to prevent adverse outcomes caused by surgeon-related 
factors.

This study had some limitations. First, clinical parameters, such as PTH, were sampled only once, without monitoring 
for their dynamic levels. Moreover, the time intervals between the sampling time and the onset of AMI were also 
different for each patient owing to the different time intervals between the admission time and the onset of AMI, which 
may have contributed to some bias in the model. Second, our sample size was relatively small. Multicenter studies with 
larger sample sizes are necessary to further assess the accuracy of PTH-based nomograms for predicting the occurrence 
of in-hospital MACE after primary PCI. Finally, because of the small sample size, the nomogram constructed in our 
study was internally validated without external validation.

Conclusion
For patients with AMI, PTH level on admission is an independent risk factor for in-hospital MACE after primary PCI. 
The PTH-based nomogram in this study had good discriminative and calibrating abilities in predicting the occurrence of 
in-hospital MACE after primary PCI, indicating applicative values in clinical practice.
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