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Abstract
Background

A risk assessment for identifying long-term risk of post-discharge mortality in Chinese STEMI patients
remains a concern. The aim of this study is to establish a bedside available risk scoring system for
predicting 1-year mortality risk among Chinese STEMI patients.

Methods

STEMI patients(n=12611) were enrolled from the China STEMI Care Project Phase 2(CSCAP-2) collected
between 2015 and 2016. Confounding bias was controlled using propensity score matching.
Epidemiological, clinical, laboratory, and imaging variables, treatment strategy and medicine records were
screened using extreme gradient boosting and nomogram according to the hazard ratio of Cox regression
analysis to construct a predictive score. A validation cohort included 7342 patients collected in 2017 from
CSCAP-2 was analyzed using receiver ROC and expectation (E)/observation (O) ratio to validate the risk
scoring system.

Results

From 39 potential predictors, 8 variables were independent predictive factor and were included in the risk
score: Killip class, early reperfusion strategy, Non-PCI intraoperative anticoagulants, heart rate, gender,
age, anterior-wall myocardial infarction (AWMI) and inferior-wall myocardial infarction (IWMI). The new
model demonstrated an excellent discrimination and calibration. The c-statistic and E/O ratio were
0.87(95%CI, 0.80-0.93) and 1.14(95%CI, 0.93-1.39) in the train set, 0.88 (95%CI, 0.78-0.96) and
1.15(95%CI, 0.85-1.56) in the test set, meanwhile, 0.89(95%CI, 0.82-0.95) and 1.00(95%CI, 0.81-1.23) in
the validation cohort. The score has better sensitivity than the GRACE score and can recognize risk
strati�cation among STEMI patients (P<0.001).

Conclusions

We developed a risk scoring system for predicting 1-year mortality risk of STEMI in a large Chinese
population. The new score is easy-to-use and demonstrating a good discriminatory accuracy in predicting
both short-term and long-term mortality risk in Chinese patients with STEMI. 

Background
Acute coronary syndromes (ACS) represent up to 50% of the global cardiovascular disease burden[1], and
are a leading cause of mortality and morbidity especially in China[2]. According to the recently report[3],
the mortality of ACS has been on the rise since 2012 in China. In 2016, it was 113.46/100-thousand in
city and 118.74/100-thousand in urban. ACS has a poor prognosis. The mortality in in-hospital and by 12
months’ post-discharge remains high, particularly in ST-segment elevation myocardial infarction (STEMI)
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patients, which is the serious type of ACS. Study reported that the cumulative mortality by 2 years post-
discharge of ACS was 5.2%, meanwhile STEMI patients had a mortality of 7.7% in China[4].

Multiple factors, including a situation compounded by multifarious demographic factors, as well as type
and severity of ACS, timely diagnosis and treatment, and evidence based secondary and tertiary
prevention strategies, have in�uences on prognosis of ACS patients[5, 6]. Considering combined in�uences
of multiple risk factors, risk assessment is a useful tool for assessing prognosis and guiding
management of patients with ACS. The Global Registry of Acute Coronary Events (GRACE) risk model[7] is
the most common strati�cation tool with highest validity for risk strati�cation among ACS patients. It
was developed by population mostly from North America, South America and Europe [8]. Recently, the
EPICOR (long-tErm follow uP of antithrombotic management patterns In acute CORonary syndrome
patients) and EPICOR Asia studies used a national wide population including 35.5% Chinese patients to
establish a risk-scoring model for 2-year post discharge survival in ACS patients[9, 10]. Although prior
studies have constructed several risk scoring system for ACS, those risk scoring systems are lack of
validation among Chinese STEMI patients. Besides, due to different economic and medical development
would lead to different major impact factors of prognosis in STEMI patients, a risk scoring system for
Chinese STEMI patients with a comparative performance of long-term outcomes remained to study in
detail.

In this study, we aimed to explore relationships between patient demographics, medical history and
management, thereby, facilitating the development of a reliable and user-friendly risk-scoring system for
individual Chinese STEMI patient one-year survival in a large Chinese population. The subjects analyzed
in our study were collected from China STEMI Care Project Phase 2 (CSCAP-2) which has involved more
than 20,000 patients hospitalized and discharged following a STEMI event [11].

Methods

Study Population
This study was based on a national healthcare improvement project named China STEMI Care Project
Phase 2 (CSCAP-2) [11]. It is a large national prospective cohort study of STEMI patients initiated in 2015.
We collected patients between 2015 and 2016 from 236 hospitals among 23 districts in China. More
detail about the project has been described previously. 13018 patients with STEMI were eligible for the
study if they were aged 18 years or over; where multiple admissions for acute myocardial infarction (AMI)
were recorded per person, only the �rst admission was included; admission within 30 days of onset. 407
patients were excluded for missing outcome value. Finally, 12611 subjects were included in the analysis
as the development cohort (Fig. 1).

Data collection procedures
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All enrolled subjects would answer a structured baseline questionnaire which was administered by a
trained interviewer. The questionnaire collected information of age, gender, adverse life habits,
demographic characteristics, medical history, clinical symptoms and auxiliary examination results,
diagnosis and treatment process, and secondary preventive drugs. History of smoking was identi�ed
positive as smoked within 1 year. Diagnosis of diabetes, hypertension, cerebrovascular disease and
chronic renal failure were based on clinical judgmental. Physical examination, including height, weight,
heart rate (bmp) and blood pressure (Systolic blood pressure, SBP; Diastolic blood pressure, DBP) were
measured according to a standard protocol. Body mass index (BMI) was calculated as weight (Kg)/
[height (m)] 2. Information of treatment strategy, and secondary preventive drugs were collected from the
medical records.

Outcomes
Patients were followed up from the admission to 1 year after discharge from the hospital. The outcomes
during the hospitalization period were collected at the time of discharge from hospital according to the
inpatient medical record. After discharge from the hospital, patients were followed up for mortality status
in 1 month, 3 months, 6 months and 1 year by telephone. Follow-up outcome was the incidence of all-
cause death. All-cause death analyzed in this study was the mortality of in-hospital, 6-month follow-up
and 1-year follow-up.

Data validation
The validation cohort was enrolled from CSCAP-2 collected between 2017 and 2018 from 236 hospitals
among 23 districts. After excluding 33 participants for missing outcome value, a total of 7342 patients
were included in the validation analysis (Fig. 1). We compared the discrimination and calibration between
new model and Fox model (one of the GRACE scores) to identify the validation of our scoring system.
The GRACE score provides an estimate of the probability of death within 1 year of hospital discharge in
patients with ACS. It was calculated according to the information documented in inpatient medical
records.

Statistics analysis
All data represented as mean ± standard deviation (SD) for continuous variables and counts
(percentages) for categorical variables. Missing value was imputed by multiple imputation.

As our study was based on real-world data, propensity score matching(PSM) was used to remove
confounding bias before variable selection. All of 12611 patients were included for PSM. We performed
one-to-ten matching by propensity score calculated using cox regression with a 0.02 caliper width. The
PSM results represented 1-year mortality risk to each individual given a set of these covariates (gender,
age and comorbidities including atrial �brillation, heart failure, COPD, cardiac valvular surgery, peripheral
artery disease, Hypertension, lipid metabolism disorders, Diabetes, chronic kidney disease and
cerebrovascular disease). We considered it reasonable when standardized mean differences in percent
balance improvement less than 0.1.
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After PSM, 5676 participants (non-death: death of 5043:633) were matched successful and ready for
variables selection through Extreme gradient boosting (XGboost) model. The parameters of XGBoost
model was brought into GridSearchCV for traversal tuning. The optimal model was de�ned by the
following metrics: accuracy(ACC) and area under curve (AUC) of the receiver operating characteristic
curve (ROC), value of precision, recall, and F1-Measure. Interpretation of the XGBoost is carried out as a
separate process after the model is trained. The parameter that measures the extent to which features
contribute to the predictive ability of the model is called feature importance. Our study mainly applied two
kinds of feature importance: gain metric of substitution importance (Permutance Importance) and
SHapley Additive explanation (SHAP) value in XGBoost feature importance. The number of variables for
risk scoring system was chosen by traversal procedure, according to ACC. Finally, the top 8 variables from
the ranking were chosen to develop the Cox regression model and the risk scoring system.

Participants were divided into a training set (70%, 8827 patients) and a test set (30%, 3784 patients) by
random sampling. In order to construct the risk scoring system, we developed the Cox regression model
with �rth penalized maximum likelihood estimation, which was particularly suitable for large number of
events and the number of covariates [10]. The performance of the model was de�ned by and C-statistics
and ROC curve. In ROC analysis, Youden index was the value presenting the best sensitivity and
speci�city for prediction of a given threshold. If the predicting ability is considered reasonable when the
AUC is higher than 0.7 and strong when the AUC exceeds 0.8. Expectation (E)/Observation (O) ratios were
used to assess model calibration. Usually, E/O ratio between 0.8–1.2 means a good calibration.
According to the �nal Cox regression model and the critical mortality rate, we accessed the risk scoring
system by constructing a nomogram to show the correspondence table between the total score and the
risk prediction probability.

7342 patients were included in the validation analysis. ROC curve, C-index and E/O ratio was examined in
the validation cohort for the scoring system external validation. We further compared the discrimination
and calibration between new model and Fox model (one of the GRACE scores). We applied the STEMI risk
score for risk strati�cation as 3 level according to mortality risk for < 1%, 1–3% and ≥ 3%. A Kaplan-Meier
survival curve of 1-year all-cause death strati�ed by the risk level was explored to validate the
practicability of the STEMI risk score.

Data analyses were performed using Python (version 3.7) with the scienti�c libraries “eli5”, “XGBoost”
and SAS (version 9.4).

Results

Baseline Characteristics
A total of 12611 STEMI patients collected between 2015 and 2016 based on CSCAP-2 were included in
the analysis. The total mortality was 5.19%.
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Overall, the mean age(± SD) of participants were 61.3(± 12.6), and 79.11% were male. The diagnosis of
hypertension, diabetes and cerebrovascular disease were the highest prevalence comorbidity as
48.5%,20.66% 10.49%, respectively. Chest pain was the most common symptom (95.85%). Most patients
have low Killip class (76.88% of level 1). More details were showed in Table 1. All variables listed in
Table 1 were used for variable selection procedure in XGBoost model analysis.
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Table 1
Baseline characteristics in STEMI patients of the development cohort

Characteristic Global

(n = 12611)

All-cause Death P

No(n = 11964) Yes(N = 647)  

N Per(%) N Per(%) N Per(%)  

Age   12611 61.3(± 
12.6)

11964 60.8(± 
12.5)

647 70.8
(± 
11.8)

< 
0.001

Gender Male 9977 79.11 9577 75.94 400 61.82 < 
0.001

  Female 2634 20.89 2387 18.93 247 38.18  

BMI(kg/m2) 18.5–24 4071 32.28 3854 30.56 217 33.54 0.027

  < 18.5 697 5.53 646 5.12 51 7.88  

  24–28 5314 42.14 5064 40.16 250 38.64  

  ≥ 28 2529 20.05 2400 19.03 129 19.94  

Current Smoking No 6420 50.91 5971 47.35 449 69.40 < 
0.001

  Yes 6191 49.09 5993 47.52 198 30.60  

Comorbodity                

MI No 11863 94.07 11277 89.42 586 90.57 < 
0.001

  Yes 748 5.93 687 5.45 61 9.43  

PCI No 11974 94.95 11358 90.06 616 95.21 0.757

  Yes 637 5.05 606 4.81 31 4.79  

CABG No 12577 99.73 11934 94.63 643 99.38 0.079

  Yes 34 0.27 30 0.24 4 0.62  

Family history of
coronary heart
disease

No 12082 95.81 11457 90.85 625 96.60 0.301

  Yes 529 4.19 507 4.02 22 3.40  

atrial �brillation No 12410 98.41 11789 93.48 621 95.98 < 
0.001

  Yes 201 1.59 175 1.39 26 4.02  
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Characteristic Global

(n = 12611)

All-cause Death P

No(n = 11964) Yes(N = 647)  

N Per(%) N Per(%) N Per(%)  

heart failure No 12499 99.11 11875 94.16 624 96.45 < 
0.001

  Yes 112 0.89 89 0.71 23 3.55  

COPD No 12459 98.79 11831 93.81 628 97.06 < 
0.001

  Yes 152 1.21 133 1.05 19 2.94  

Cardiac valvular
surgery

No 12588 99.82 11944 94.71 644 99.54 0.085

  Yes 23 0.18 20 0.16 3 0.46  

Peripheral artery
disease

No 12498 99.1 11862 94.06 636 98.30 0.026

  Yes 113 0.9 102 0.81 11 1.70  

Hypertension No 6438 51.05 6180 49 258 39.88 < 
0.001

  Yes 6173 48.95 5784 45.86 389 60.12  

Lipid metabolism
disorders

No 11776 93.38 11163 88.52 613 94.74 0.151

  Yes 835 6.62 801 6.35 34 5.26  

Diabetes No 10006 79.34 9556 75.78 450 69.55 < 
0.001

  Yes 2605 20.66 2408 19.09 197 30.45  

Chronic kidney
disease

No 12424 98.52 11805 93.61 619 95.67 < 
0.001

  Yes 187 1.48 159 1.26 28 4.33  

Cerebrovascular
disease

No 11300 89.6 10783 85.5 517 79.91  

  Yes 1311 10.4 1181 9.36 130 20.09  

Symptom                

Chest pain No 527 4.18 500 3.96 27 4.17 < 
0.001
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Characteristic Global

(n = 12611)

All-cause Death P

No(n = 11964) Yes(N = 647)  

N Per(%) N Per(%) N Per(%)  

  Yes 12084 95.82 11464 90.9 620 95.83  

SBP (mmHg) ≤ 140 9135 72.44 8613 68.3 522 80.68 0.994

  > 140 3476 27.56 3351 26.57 125 19.32  

DBP (mmHg) ≤ 90 10124 80.28 9567 75.86 557 86.09 < 
0.001

  > 90 2487 19.72 2397 19.01 90 13.91  

Heart rate(per
minute)

≤ 100 11526 91.4 11031 87.47 495 76.51 < 
0.001

  > 100 1085 8.6 933 7.4 152 23.49  

Killip class 1 9747 77.29 9469 75.09 278 42.97 < 
0.001

  2 1739 13.79 1601 12.7 138 21.33  

  3 481 3.81 430 3.41 51 7.88  

  4 644 5.11 464 3.68 180 27.82  

AWMI No 6914 54.83 6628 52.56 286 44.20 < 
0.001

Yes 5697 45.17 5336 42.31 361 55.80  

IWMI No 6644 52.68 6249 49.55 395 61.05 < 
0.001

Yes 5967 47.32 5715 45.32 252 38.95  

Left bundle
branch block

No 12552 99.53 11916 94.49 636 98.30 < 
0.001

  Yes 59 0.47 48 0.38 11 1.70  

Pathological Q
wave

No 11306 89.65 10740 85.16 566 87.48 < 
0.001

  Yes 1305 10.35 1224 9.71 81 12.52  

Time from onset
to consultation ≤ 
12 hours

No 2626 20.82 2452 19.44 174 26.89 0.063

Yes 9985 79.18 9512 75.43 473 73.11  



Page 10/26

Characteristic Global

(n = 12611)

All-cause Death P

No(n = 11964) Yes(N = 647)  

N Per(%) N Per(%) N Per(%)  

Transfer from
other hospitals

No 8219 65.17 7783 61.72 436 67.39 < 
0.001

Yes 4392 34.83 4181 33.15 211 32.61  

Medication                

Aspirin No 1764 13.99 1618 12.83 146 22.57 0.225

  Yes 10847 86.01 10346 82.04 501 77.43  

Clopidogrel No 5392 42.76 5088 40.35 304 46.99 < 
0.001

  Yes 7219 57.24 6876 54.52 343 53.01  

Ticagrelor No 8671 68.76 8208 65.09 463 71.56 0.026

  Yes 3940 31.24 3756 29.78 184 28.44  

Loading statin No 8026 63.64 7585 60.15 441 68.16 0.114

  Yes 4585 36.36 4379 34.72 206 31.84  

Beta blockers
applied within 24
hours of onset

No 7691 60.99 7219 57.24 472 72.95 0.014

Yes 4920 39.01 4745 37.63 175 27.05  

Non-PCI
intraoperative
anticoagulants

No 2482 19.68 2247 17.82 235 36.32 < 
0.001

Yes 10129 80.32 9717 77.05 412 63.68  

Early reperfusion
strategy

Ppci 8239 65.33 7961 63.13 278 42.97 < 
0.001

  PCI after
Trombolysis

197 1.56 190 1.51 7 1.08  

  Thrombolysis 645 5.11 606 4.81 39 6.03  

  No or others 3530 27.99 3207 25.43 323 49.92  

Secondary prevention medication              

DAPT No 1270 10.07 749 5.94 521 80.53 < 
0.001

  Yes 11341 89.93 11215 88.93 126 19.47  
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Characteristic Global

(n = 12611)

All-cause Death P

No(n = 11964) Yes(N = 647)  

N Per(%) N Per(%) N Per(%)  

ACEI/ARB No 6648 52.72 6045 47.93 603 93.20 < 
0.001

  Yes 5963 47.28 5919 46.94 44 6.80  

β-blockers No 5264 41.74 4675 37.07 589 91.04 < 
0.001

  Yes 7347 58.26 7289 57.8 58 8.96  

Statins No 2575 20.42 2015 15.98 560 86.55 < 
0.001

  Yes 10036 79.58 9949 78.89 87 13.45  

Hospital
characteristics

               

Hospital degree 2nd 757 6 725 5.75 32 4.95 < 
0.001

  3rd 11854 94 11239 89.12 615 95.05  

Hospital category General 12052 95.57 11431 90.64 621 95.98 0.245

  Specialist 559 4.43 533 4.23 26 4.02  

Regional
distribution

Eastern 8878 70.4 8443 66.95 435 67.23 0.599

  Central 2165 17.17 2059 16.33 106 16.38  

  Western 1568 12.43 1462 11.59 106 16.38  

Chest Pain Center
Veri�cation

No 7706 61.11 7311 57.97 395 61.05 0.977

Veri�ed 4905 38.89 4653 36.9 252 38.95  

Onset season Spring 5549 44 5278 41.85 271 41.89 0.193

  Summer 1220 9.67 1167 9.25 53 8.19  

  Autumn 3086 24.47 2909 23.07 177 27.36  

  Winter 2756 21.85 2610 20.7 146 22.57  

 

Variable selection
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PSM was applied among 12611 STEMI patients to control the confounding. The performed max
standardized mean differences in percent balance improvement was 0.054. After matching gender, age
and comorbidities including atrial �brillation, heart failure, COPD, cardiac valvular surgery, peripheral
artery disease, Hypertension, lipid metabolism disorders, Diabetes, chronic kidney disease,
cerebrovascular disease, a total of 5657 patients (non-death: death of 5043:633) were included in the
XGBoost model construction.

39 variables mentioned at Table 1 were analyzed in the XGboost model. The dataset was divided into
70% and 30% randomly for training set and test set. ACC and AUC were 0.91 and 0.88 in the training set,
while 0.89 and 0.70 in the test set. The precision, F1-meansure and recall value of the model is 0.84, 0.85
and 0.89, respectively. Concerning the accuracy and simplicity, the optimal model included 8 variables.
Therefore, according to the importance ranking of XGBoost model and SHAP value (Fig. 2), 8 variables
were selected to develop the COX regression model and risk score, including Killip class, Early reperfusion
strategy, Non-PCI intraoperative anticoagulants, heart rate, gender, age, anterior-wall myocardial
infarction(AMWI) and inferior-wall myocardial infarction(IWMI).

Risk scoring system for 1-year mortality on STEMI patients
The development cohort was divided into training set (70%) and test set (30%). The results of Cox
regression analysis using training set are presented in Table 2. Finally, 8827 participates were analyzed in
Cox regression model as the training set.
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Table 2
Cox regression model for 1-year mortality of STEMI patients

Parameter   β HR 95%CI P

age   0.05 1.05 1.04 1.06 < 
0.001

Gender Male Ref       < 
0.001

  Female 0.32 1.38 1.13 1.69  

Killip class 1 Ref       < 
0.001

  2 0.61 1.85 1.44 2.38  

  3 0.74 2.10 1.45 3.02  

4 1.95 7.06 5.54 9.00  

Heart rate(per minute) ≤ 100 Ref       < 
0.001

  > 100 0.47 1.61 1.27 2.04  

AWMI No Ref       0.009

Yes 0.36 1.44 1.08 1.92  

IWMI No Ref       0.486

  Yes -0.11 0.90 0.67 1.21  

Early reperfusion strategy Ppci Ref       < 
0.001

  PCI after
thrombolysis

0.68 1.97 0.95 4.10  

  Thrombolysis 0.66 1.94 1.30 2.91  

Others 0.53 1.70 1.39 2.07  

Non-PCI intraoperative
anticoagulants

No Ref       < 
0.001

Yes -0.81 0.45 0.37 0.54  

 

On Cox regression analysis, with results reported as hazard ratio (95% CI), elder (HR,1.05 per year;
95%CI,1.04–1.06), female(HR,1.38; 95%CI, 1.13–1.69]), KILLIP class (for level2 vs level1: HR, 1.85, 95%CI;
1.44–2.38; level3 vs level1: HR,2.10; 95%CI,1.45–3.02; level4 vs level1:HR, 7.06; 95%CI, 5.54-9.00), Heart
rate over 100 per minute (HR,1.61; 95%CI,1.27–2.04), symptom of AMWI (HR,1.44, 95%CI,1.08–1.92),
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early reperfusion strategy (for Thrombolysis vs Ppci: HR,1.93, 95%CI,1.30–2.91; Othrs vs pPCI: HR,1.70;
95%CI,1.39–2.07) and non-PCI intraoperative anticoagulants(HR,0.45; 95%CI,0.37–0.54) were
independently associated with 1-year mortality (Table 2).

The 8 risk factors selected by XGBoost selection procedure were used to form mortality risk estimation
nomogram (Fig. 3). The risk scoring system was internally validated using the test set. The nomogram
demonstrated good accuracy in estimating the 1-year mortality, with a C statistic of 0.87(95%CI, 0.80–
0.93) in training set and 0.88 (95%CI, 0.78–0.96) in test set. The E/O ratio was 1.14(95%CI, 0.93–1.39) in
trainning set and 1.15(95%CI, 0.85, 1.56) in test set.

Performance of the STEMI risk scoring system
In the training set of development cohort, for 8827 patients with STEMI, discharge, 6-month, and 1-year
survival rates were 96.5%, 95.2%, and 94.9%, respectively. In the test set of development cohort, for 3784
patients with STEMI, the corresponding rates for overall survival were 96.2%, 95.0% and 94.7%. By the
outcome of 1-year mortality, the AUC(95%CI), sensitivity and speci�city of risk scoring system for patients
in training set were 0.84(95%CI ,0.82–0.88), 80.3% and 72.5%. The results in the test set were similar,
which had an AUC (95%CI) of 0.85(95%CI, 0.82–0.87), sensitivity of 81.6% and speci�city of 72.8%. For
different follow-up duration of outcomes, �tting the model with the outcomes of in-hospital and 6-month
death risk, the performance of the model was similar with 1-year developed model. (Table 3)

Table 3
Performance of the STEMI risk score in STEMI patients

Outcome duration Mortality AUC 95%CI Sensitivity Speci�city

Discharged Developed model 0.035 0.84 0.82 0.87 80.3% 72.5%

  Internal veri�cation 0.038 0.85 0.82 0.88 81.6% 72.8%

  External veri�cation 0.039 0.85 0.82 0.87 81.6% 72.8%

6 month Developed model 0.048 0.84 0.82 0.86 81.6% 71.5%

  Internal veri�cation 0.502 0.85 0.83 0.88 77.4% 76.8%

  External veri�cation 0.049 0.84 0.82 0.86 79.5% 74.5%

1 year Developed model 0.051 0.83 0.81 0.85 80.3% 72.5%

  Internal veri�cation 0.053 0.85 0.82 0.87 81.6% 72.8%

  External veri�cation 0.050 0.84 0.82 0.86 83.0% 71.8%

 

Validation of the STEMI risk scoring system
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A total of 7342 patients with similar distribution with the development cohort were included in the
external validation analysis regarded as the validation cohort (Supplement Table 1). Overall, the mortality
for 1- year after discharged in the validation cohort is 95.03%. The mean age(± SD) of participants were
61.6(± 12.7), and 77.67% were male. The risk scoring system demonstrated good accuracy in estimating
the 1-year mortality, with a c-statistics of 0.89(95%CI, 0.82–0.95) and an E/O ratio of 1.00(95%CI, 0.81–
1.23). The performance of this risk score predicting 1-year mortality was satisfactory with accuracy
based on AUC of 0.84(95%CI, 0.82–0.86), meanwhile, the sensitivity and speci�city were 83.0% and
71.8%.

To further validate the scoring system, we compared the performance of the STEMI risk scoring system
with the GRACE score. We developed the GRACE scoring model in the validation cohort. The performance
of GRACE score predicting 1-year mortality have a similar performance with the STEMI risk score with an
AUC (95%CI) of 0.85(95%CI, 0.85–0.86), meanwhile, the sensitivity and speci�city of the GRACE risk score
were 83.8% and 69.9 % ( Table 4).

Table 4
Performance of the GRACE score for STEMI patients in the validation cohort

Outcome duration Mortality AUC 95%CI   Sensitivity Speci�city

Discharged 0.039 0.85 0.85 0.86 76.0% 80.4%

6-month 0.049 0.85 0.83 0.87 73.0% 80.9%

1-year 0.050 0.85 0.83 0.87 83.8% 69.9%

 

Risk strati�cation by STEMI risk scoring system
We divided patients into 3 groups for low risk, median risk and high risk according to the mortality risk
calculated by the risk scoring system for < 1%(score between 0–43), 1–3%(scored between 44–70) and
≥ 3% (scored over 71), respectively. We explored a Kaplan-Meier survival curve of 1-year all-cause death
according to the strati�cation mentioned above using the validation cohort. The risk strati�cation was
de�ned to have signi�cant differences (< 0.001) (Fig. 4).

Discussion
This study presents a risk scoring system which was constructed by nomogram of COX regression
including 8 variables selected by XGBoost that predicts 1-year mortality risk of STEMI patients from a
nationwide cohort in China, including 244 hospitals. The risk scoring system was comprised of 8
variables: level of Killip class, early reperfusion strategy, use of non-PCI intraoperative anticoagulants,
heart rate, gender, age, diagnosis of AWMI and IWMI. It was derived from patients hospitalized from 2015
to 2016 and was validated in patients hospitalized in 2017. The performance of this risk score was
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satisfactory with discriminatory accuracy based on c statistics in the training set, test set and validation
cohort of 0.87, 0.88, and 0.89, respectively.

Previous studies have established several risk scoring systems for estimating the prognosis of STEMI,
such as the GRACE score and thrombolysis in myocardial infarction (TIMI) risk score. Those risk scores
are derived from studies mainly enrolling patients from Western countries, and both were developed
initially only to assess short-term prognoses. Few risk score was developed by Chinese population with
STEMI. Although several studies validated the present risk scores in Chinese STEMI patients, those
studies were limited by single-center study[11]. Recently, the EPICOR and EPICOR Asia studies used a
national wide population to establish a risk-scoring model for 2-year post discharge survival in ACS
patients[9, 10]. But the risk score presented a limited clinical value with a c statistics of 0.712 (95% CI,
0.650–0.772) among STEMI patients in China [12]. A risk assessment tool for STEMI patients with a
comparative performance of long-term outcomes in Chinese populations still remained to study in detail.
Therefore, in our study, we constructed a scoring system based on a national wide population in China to
predict 1-year mortality risk for STEMI.

We compared our risk scoring system with the GRACE score among follow-up outcomes at discharged
and 6-month, 1-year long follow-up duration (Table 4.). The GRACE score is the most notable risk score
for STEMI with highest vitality [13, 14]. It consists of 8 indicators: age, heart rate, SBP, creatinine, level of
Killip class and symptoms of cardiac arrest on admission, ECG ST-segment changes and elevated
myocardial necrosis markers. Limited study has validated the GRACE score among Chinses patients.
Only few single-center study[11] estimated that the accuracy of the GRACE score in predicting all-cause
mortality which was ranged 0.766 to 0.789 for c-statistics. In our study, the results showed that the
GRACE score have a similar discriminatory accuracy and lower sensitivity than the STEMI risk score.
More high-risk STEMI patients would be recognized by the STEMI risk score. It is helpful for health
management among Chinese STEMI patients by accessing preventive intervention or more frequently
follow-up to decrease death risk at the early stage.

The features selected by XGBoost are mostly coherent with previous reports [15]. Older age, male sex and
worse Killip class have been constantly emphasized as major risk factors for adverse outcomes in
patients with STEMI. A prior study showed that every additional year of age of the patient with AMI will
lead to an increasing risk of 9.3% higher on death[16]. Another study using large population-based cohort
observed that female has an higher in-hospital mortality risk than male among patients with STEMI (odds
ratio, 1.42; 95% CI, 1.24–1.64)[17]. As reported in previous studies, admission HR are predictors of in-
hospital and long-term mortality. Every increase of 5 bpm. in heart rate was associated with a 29%
increased risk of cardiovascular mortality at 1-year follow-up [18]. AWMI and IWMI were pointed to have
different prognosis. With AWMI, signi�cant reduction in left ventricular function is responsible for the
hemodynamic compromise. The myocardial mass supplied by the right coronary artery or left circum�ex
is usually smaller than that of the left atrial dimension, but with proximal right coronary artery associated
IWMI, there may be additional hemodynamic compromise due to right ventricular infarction[19–21]. Since
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the myocardium at risk is greater in patients presenting with AWMI than IWMI, the reported incidence of
cardiogenic shock is higher in patients with AWMI compared with those with IWMI[21].And in-hospital
mortality was modestly lower in patients with cardiac shock complicating IWMI vs. AWMI (30.3% vs.
31.9%; OR, 0.80; 95% CI, 0.75–0.86)[19].

In addition to previous reports, we take an added concern of treatment indicators which have more value
in the risk strati�cation for long-term prognosis prediction, especially in China[22, 23]. Poverty, limited
healthcare infrastructure for PCI, and poor accessibility to acute emergency medical services are most
important system-level limitations for STEMI care in middle-income countries [24, 25]. In 2013, only 36% of
AMI patients could receive reperfusion therapy and visited at hospitals equipped with catheterization labs
within 12 hours after onset in China. The proportion would be lower among primary hospitals for lacking
medical resources [26]. It has been proved that PCI can decrease the 1-year mortality in patients with
STEMI [27]. When PCI could not access within 90 minutes, STEMI patients are suggested to have
anticoagulants [28]. Under this condition, the factors of early reperfusion strategy and non-PCI
intraoperative anticoagulants have import predictive value in China.

Our risk scoring system based on simple patient demographics and subjective symptoms using machine
learning and nomogram can be useful for the health management of STEMI patients after discharged.
First, our risk scoring system is easy-to-use. It uses information that can be easily provided, such as age,
sex, and pre-hospitalize diagnosis. Previous scoring systems [4, 11, 15], including a recently reported deep
learning model [29], require laboratory or radiographic �ndings as the main variables. Although such
models can be helpful in fully equipped medical facilities, they initially consume a certain amount of
medical resources and time. Besides, we used nomogram to present the risk scoring system which can
calculate the risk directly using graphs, so that the results are more readable and have higher practical
value than conventional models. Second, because the variables were selected by a data-driven method, it
can recognize predictive factors of the risk scoring system with su�cient accuracy and discrimination.
XGBoost is a newly integrated machine learning algorithm based on decision tree. It is more effective
than previous methods by using clever penalization of trees and implementation on single, distributed
systems and out-of-core computation. With regularization to prevent over�tting and extra parameter
de�ning loss function, XGBoost is expected to be useful in the �eld of real-world data based study.
Previous study[30] demonstrated that XGBoost algorithm showed an improvement in the prediction ability
compared with other machine classi�ers and conventional risk scores. As our study was drawn from a
real-world observation cohort, XGBoost is optimal for our study to identify the independent risk factors of
1-year mortality. The variables included in the risk scoring system were selected by traversal procedure of
XGBoost model, according to ACC. This selection method was a data-driven method and can select
variables from a large scale of potential factors and can powerfully reduce variance and reduce bias
caused by subjective experiences. Then the nomogram was developed based on the selected variables
for practical value in clinical application. However, small number of outcomes were observed in the
analysis which may cause over matched during the PSM procedure. Extending follow-up time of the
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cohort or expanding the population scale may improve the results by increasing the observed number of
outcomes. We may further validate the risk scoring system in larger scale of population in the future.

Conclusion
We developed a risk scoring system for predicting 1-year mortality risk of STEMI in a large Chinese
population. The new score is easy-to-use and demonstrating a good discriminatory accuracy in predicting
both short-term and long-term mortality risk in Chinese patients with STEMI. And it has a better sensitivity
than the GRACE score.

Abbreviate
Anterior-wall Myocardial Infarction, AWMI

Acute coronary syndromes, ACS

Con�dence interval, CI

China STEMI Care Project Phase 2, CSCAP-2

The Global Registry of Acute Coronary Events, GRACE

Hazard Ratio, HR

long-tErm follow uP of antithrombotic management patterns In acute CORonary syndrome patients,
EPICOR

Inferior-wall Myocardial Infarction, IWMI

Receiver Operating Characteristic curve, ROC curve

Primary Percutaneous Coronary, PCI

ST-segment Elevation Myocardial Infarction, STEMI
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Figure 1

Flow chart for research analysis



Page 24/26

Figure 2

Variable importance ranking according to XGBoost and SHAP value

Figure 3

Nomogram for 1-year mortality of STEMI patients
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Figure 4

The Kaplan-Meier survival curve of 1-year all-cause death in STEMI patients within different risk
strati�cation
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