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ABSTRACT

Background: Predictive models can be used to assess the 
risk of readmission for patients after coronary artery bypass 
grafting (CABG). However, the majority of the existing pre-
diction models have been developed based on data of western 
population. Our objective was to develop and validate a risk 
prediction model for Chinese patients after CABG.

Methods: This study was conducted among 1983 patients 
who underwent CABG in Wuhan Asian Heart Hospital from 
January 2017 to October 2019. Pearson's chi-squared and mul-
tivariate logistic regression were performed to investigate the 
risk factors of readmission after CABG. The area under the 
ROC curve and Hosmer-Lemeshow test were used to validate 
the discrimination and calibration of the model, respectively.

Results: Six risk factors were predictive of readmission: 
age≥65 years (odds ratio [OR] = 2.19; 95% confidence inter-
val [CI]: 1.11-4.34; P = 0.024),  female (OR = 2.46; 95%CI: 
1.26-4.80; P = 0.008), private insurance (OR = 4.23; 95%CI: 
1.11-16.11; P = 0.034), diabetes (OR = 2.351; 95%CI: 1.20-
4.59; P = 0.012), hypertension (OR = 2.33; 95%CI: 1.16-4.66; 
P = 0.017), and congenital heart disease (OR = 6.93;95%CI: 
2.04-23.52; P = 0.002). The area under the curve c-statistic 
was 0.876 in the derivation sample and 0.865 in the validation 
sample. Hosmer-Lemeshow test: P=0.561.

Conclusion: The risk prediction model in our study can 
be used to predict the risk of readmission in Chinese patients 
after CABG.

INTRODUCTION

Coronary heart disease is one of the most common heart 
diseases to harm people’s health. Coronary artery bypass 
grafting (CABG) rapidly has improved in recent years and has 
become the effective treatment for coronary heart disease.

However, adverse cardiovascular and restenosis after sur-
gery force patients to be readmitted to the hospital [Patchouli 
2019; Alejandra 2019]. Therefore, a risk prediction model of 
readmission may be useful for physicians and hospitals to take 
comprehensive interventions in the early stages [Kong 2012].

Previous studies mainly have focused on the investiga-
tion of risk factors related to CABG readmission [Shah 2019; 
Deng 2018; Price 2013; Han 2011], but few have established 
the models to predict the quantitative risk of CABG read-
mission [Woozy 2018; Bertillon 2018; Tam 2018]. Although 
predictive models have been developed in western countries 
like the United States and Canada, due to different epidemio-
logical characteristics such as ethnicity, genetics and medi-
cal security system, these models cannot be well applied to 
Chinese or other Asian populations [Amati 2015; Yuan 2012].

In this study, we aimed to identify the risk factors associ-
ated with readmission after CABG in Chinese patients, then 
build the risk prediction model for readmission and validate it.

MATERIALS AND METHODS

Our study was approved by Wuhan University of Science 
and Technology (202042). All records of patients, who under-
went CABG from January 2017 to October 2019 in Wuhan 
Asian Heart Hospital, were collected. Inclusion criteria: age 
≥18 years; patients underwent CABG. Exclusion criteria: 
patients with mental disorders; incomplete data. Among 1983 
patients, 825 cases from January 2017 to December 2017 that 
underwent CABG were used as the derivation cohort, while 
1158 cases from January 2018 to October 2019 were used as 
the validation cohort.

Among all variables, there were 13 preoperative variables 
and eight postoperative variables. Preoperative variables 
included age, gender, insurance type, diabetes, hypertension, 
hyperglycemia, congenital heart disease (atrioventricular 
septal defect, congenital coronary artery fistula, congenital 
cardiac diverticulum), history of angina, heart failure classifi-
cation, coronary artery muscle bridge, valvular heart disease, 
previous cardial infarction, and obsolete brain infarction. 
Postoperative variables included abnormal liver function, 
abnormal renal function, neural effusion, ascending aorta 
dilation, cerebral artery stenosis, renal artery stenosis, verte-
bral artery stenosis, and arrhythmia. Readmission was defined 
as the patient’s admission within 30 days after CABG.
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Data were analyzed using SPSS 27.0 software (IBM, 
Armonk, NY, USA). If data did not conform to normal distri-
bution after inspected, then Mann-Whitney U test and Pear-
son chi-square test were used. Discrimination and calibration 
were performed using the area under the ROC curve (AUC) 
and the Hosmer-Lemeshow test, respectively. Calibration 
degree is one of the best characteristics reflecting the predic-
tion efficiency of the prediction model. Hosmer-Lemeshow 
goodness of fit test is generally used, and P > 0.5 indicates 
good calibration degree [Jia 2019].

RESULTS

Among 1983 patients who underwent CABG, 1339 
(67.5%) were males and 644 (32.5%) were females. The aver-
age age was 61.7 years (range, 24-95y). A total of 96 (4.8%) 

patients were readmitted after surgery. Of these patients, 
five patients were readmitted more than one time, and five 
patients were readmitted within 72 hours after surgery. The 
common reasons for readmission were heart failure (22.9%), 
arrhythmia (14.6%), neural effusion (12.5%), lung infection 
(11.5%), surgical incision infection (11.5%), cerebral infarc-
tion (7.3%), acute coronary syndrome (3.1%), and non-clas-
sifiable cause (16.7%).

There were significant differences in eight variables 
between readmitted and non-readmitted patients, including 
age, gender, insurance type, diabetes, hypertension, congeni-
tal heart disease, history of angina, and abnormal renal func-
tion (P < 0.1). (Table 1) Significant predictors of 30-day read-
mission in the multivariate analysis included age≥65, female 
gender, private insurance, diabetes, hypertension levels 2 and 
3, and congenital heart disease. (Table 2)

The formula for calculating the risk of readmission was 

Table 1. Baseline characteristics in derivation cohort

Variable Non-readmission (N = 785) Readmission (N = 40) P-value

Age

   ≥65 274 21
0.058<0.1

   <65 511 19

Gender

   Male 546 19
0.003<0.05

   Female 239 21

Type of insurance

   Private 730 37
0.041<0.05

   Other 55 3

Diabetes 258 20 0.025<0.05

Hypertension 520 18 0.006<0.05

Hyperlipidemia 124 5 0.576

Congenital heart disease 17 4 0.011<0.05

History of angina 780 38 0.040<0.05

Arrhythmia 79 1 0.115

Heart failure 419 20 0.676

Valvular heart disease 182 7 0.404

Previous myocardial infarction 240 12 0.939

Coronary artery muscle bridge 115 6 0.951

Obsolete brain infarction 264 13 0.883

Cerebral artery stenosis 25 2 0.862

Renal artery stenosis 49 1 0.530

Vertebral artery stenosis 49 1 0.530

Abnormal renal function 94 1 0.067<0.1

Abnormal liver function 76 5 0.755

Ascending aorta dilation 34 1 0.874

Pleural effusion 16 1 0.841



A Risk Prediction Model of Readmission for Chinese Patients After Coronary Artery Bypass Grafting – Liu et al

E481© 2021 Forum Multimedia Publishing, LLC

logit (P)= - 4.582 + 0.9 × gender (female) + 0.786 × age≥65 + 
1.443 × type of insurance (private) +0.855 × diabetes + 0.845 
× hypertension level 2 - 0.604 × hypertension level 3 + 1.935 
× congenital heart disease. We converted the model into a 
scoring system and multiplied regression coefficient by 10 
[Woodward 2017; Austin 2016]. (Table 3)

We assessed the performance of the derived model by 
readmission on 1158 prospective isolated CABG cases. The 
area under the curve c-statistic was 0.876. (Figure 1) Addi-
tionally, the model showed good calibration, according to the 
Hosmer-Lemeshow goodness of fit test (P = 0.561). (Figure 2)

DISCUSSION

Current research has shown there almost are one million 
coronary artery bypass graft (CABG) operations performed 
worldwide every year [Tagger 2018]. In 2015, CABG was 
included into the U.S. Hospital Readmission Reduction Pro-
gram [Centers for Medicare and Medicaid Servicewoman 
Department of Health & Human 2016]. Since then, many 
scholars have explored the risk factors associated with postop-
erative readmission in patients after CABG, such as obstruc-
tive pulmonary disease, anemia, cirrhosis, and postoperative 
infection [Patchouli 2019; Saunders 2019; Amanda-Michel 
2019; Hour 2019]. In 2017, Islander developed the readmis-
sion after CABG (RAC) risk prediction scale, including six 
variables: age, gender, race, insurance, type of admission, and 
complications [Woozy 2018]. This scale showed that patients 
over 80 years have higher risk of readmission. However, in 
China, few readmission patients are older than 80 years, 
and according to our research, the higher risk of readmis-
sion mainly was from patients over 65 years. Furthermore, 
this study suggested that African-Americans are at higher risk 
than white and Hispanic individuals. Therefore, this model 
was not suitable to be used in China. The following derived 
models to predict the readmission risk for CABG patients 
have the same limitations. For example, the Clinical Risk 

Scoring Tool was developed based on Canadian population 
data, and the area under the curve c-statistic of these models 
were less than 0.7 [Bertillon 2018; Tam 2018]. Chinese schol-
ars also have verified that application value of some foreign 
risk prediction models was not high [Yuan 2012].

Table 2. Multivariate analysis of predictors of readmission within 30 days after CABG in derivation cohort

Variable B P-value OR 95% CI

Gender (female) 0.9 0.008 2.459 1.26 4.797

Age ≥65 0.786 0.024 2.194 1.109 4.342

Type of insurance (private) 1.443 0.034 4.232 1.112 16.106

Diabetes 0.855 0.012 2.351 1.203 4.593

Hypertension - 0.02 - - -

Hypertension level 2 0.845 0.017 2.327 1.163 4.655

Hypertension level 3 -0.604 0.434 0.547 0.12 2.485

Congenital heart disease 1.935 0.002 6.927 2.04 23.519

Constant -4.582 0 0.01 - -

Hypertension level 2 refers to systolic blood pressure (SBP)160~179/diastolic blood pressure (DBP) 100~109; hypertension level 3 refers to systolic blood pres-
sure (SBP) ≥ 180/diastolic blood pressure (DBP)≥110.

Table 3. Thirty-day risk prediction score for readmission to 
patients after CABG

Variable B Points

Gender

   Male 0 0

   Female 0.9 9

Age

   <65 0 0

   ≥65 0.786 8

Type of insurance

   Other 0 0

   Private 1.443 14

Diabetes

   No 0 0

   Yes 0.855 9

Hypertension

   No 0 0

   Level 2 0.845 9

   Level 3 -0.604 -6

Congenital heart disease

   No 0 0

   Yes 1.935 19

Maximum score - 68
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The predictive model constructed in this study included 
six risk factor variables: gender (female), age ≥65 years, insur-
ance type (private), diabetes, hypertension (levels 2 and 3), 
and congenital heart disease. These six variables were all pre-
operative risk factors, which suggested that the patient’s phys-
ical condition, lifestyle, and economic status were associated 
with the patient’s outcome after surgery. Multifaceted inter-
ventions can reduce the rate of postoperative readmission and 
improve the quality of life in CABG patients [Bates 2014; Lin 
2017]. The CABG readmission risk predictive model can help 
medical staff identify the high-risk population and provide 
necessary interventions to reduce the readmission.

This predictive model can predict patients’ readmission 
risk, but there are some limitations. For example, our study 
was a single-center retrospective research. Although elec-
tronic medical record systems have been constructed and 
developed rapidly in China, the national database like the 
Nationwide Admission Database is still available [Hour 2019], 
which may lead to incomplete data. Moreover, patients might 
be readmitted to another hospital, which may cause missing 
data. Therefore, the readmission rate in our study might be 
lower than the actual readmission rate. Despite the limita-
tions, with good discrimination and calibration, this predic-
tive model can be used in Chinese patients after CABG.

CONCLUSION

In summary, we constructed and validated the readmis-
sion risk prediction model, which has good discrimination 
and calibration, for CABG patients in China. The model is 
convenient and objective to predict the readmission risk of 
CABG patients, and it is useful for the medical staff to imple-
ment strategies to reduce the rate of readmission. High-risk 
patients may obtain more monitoring and nursing from the 
perioperative period to post-discharge.
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