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Background and Objective: This study aims to develop and validate a nomogram for
the occurrence of in-hospital major adverse cardiovascular and cerebrovascular events
(MACCE) in acute coronary syndrome (ACS) patients.

Methods: A total of 1,360 ACS patients admitted between November 2014 and
October 2019 from Zhongda Hospital and Yancheng Third People’s Hospital were
included. Patients admitted in Zhongda Hospital before 2018 were split into the training
cohort (n = 793). Those admitted after 2018 in Zhongda Hospital and patients from
Yancheng Third People’s Hospital were split into the validation cohort (n = 567). Twenty
eight clinical features routinely assessed including baseline characteristics, past medical
history and auxiliary examinations were used to inform the models to predict in-hospital
MACCE (all-cause mortality, reinfarction, stroke, and heart failure) in ACS patients. The
best-performing model was tested in the validation cohort. The accuracy and clinical
applicability were tested by the area under the receiver operating characteristic curve
(AUC), calibration plots, and decision curve analyses (DCA).

Results: The in-hospital MACCE occurred in 93 (6.83%) patients. The final
prediction model consists of four variables: age, Killip grading, fasting blood-glucose
(FBG) and whether percutaneous coronary intervention (PCl) was performed at early
stage. A nomogram was used to present the final result. Individualized nomogram
exhibited comparable discrimination to the Global Registry of Acute Coronary
Events (GRACE) score [AUC: 0.807 (95% Cl 0.736-0.878) vs. 0.761 (95% CI
0.69-0.878)], P = 0.10) and a better discrimination than the Evaluation of the
Methods and Management of Acute Coronary Events (EMMACE) score [AUC: 0.807
(95% Cl 0.736-0.878) vs. 0.723(95% ClI 0.648-0.798), P = 0.01] in predicting
the risk of in-hospital MACCE in ACS patients. A good prediction performance
was maintained in the validation cohort (AUC =0.813, 95% CIl 0.738-0.889). The
prediction model also exhibited decent calibration (P = 0.972) and clinical usefulness.
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Bo et al. A Predictive Nomogram of MACCE
Conclusion: The nomogram may be a simple and effective tool in predicting the
occurrence of in-hospital MACCE in ACS patients. Further longitudinal studies are
warranted to validate its value in guiding clinical decision-making and optimizing the
treatment of high-risk patients.

Keywords: ACS, nomogram, prediction model, high-risk patients, MACCE

INTRODUCTION METHODS

Coronary heart disease (CHD) is the most common cause
for high mortality in the world (1), accounting for more
than 40% deaths in China (2). Acute coronary syndrome
(ACS) is the most severe type of CHD. The major adverse
cardiovascular and cerebrovascular events (MACCE) after ACS
include all-cause mortality, non-fatal myocardial infarction, non-
fatal stroke, heart failure, and unplanned revascularization.
Risk stratification of patients is potentially important in
guiding clinical decision making and optimizing care and
treatment (3-5).

There are many parameters that predict adverse outcomes
after ACS, including serum biomarkers and risk scores. However,
some of the serum biomarkers are not routinely tested in
hospitals due to their high cost and difficulty in obtaining.
In addition, sensitivity and prediction performance of these
parameters are unstable in different studies (6-9). Numerous
risk scores have been developed for risk stratification in patients
with ACS. Commonly used risk scores include GRACE score
(10), TIMI score (11) and PURSUIT score (12), etc. However,
most risk scores were developed when only limited percentage
of patients underwent percutaneous intervention (PCI) (13-
16). With the establishment of larger number of chest pain
centers across the country and current advanced medical
treatments, the application of PCI has been more prevalent
(17), so the risk score should be updated accordingly. Secondly,
ACS has an urgent onset and the variables contained in risk
scores should be available at early medical contact to all
ACS patients admitted to hospital. Thirdly, many risk scores
are not commonly used in clinical practice, probably because
of the heavy clinical workload and the cumbersome process
of using risk scores. The more streamlined the model, the
better, in order to make it more user-friendly. Therefore, a
contracted and updated risk score that is fitting of current
clinical practice is necessitated to supplement the use of previous
scoring system.

This study aimed to develop and validate a nomogram that can
predict the occurrence of in-hospital MACCE in patients with
ACS by using the most recent data from the Improving Care
for Cardiovascular Disease in China-Acute Coronary Syndrome
(CCC-ACS) project. The model incorporated the demographic,
auxiliary examination, serum biomarker, past medical history,
pharmacological treatment and angiographic parameters of
patients. This article is written according to the TRIPOD
reporting checklist (18).

Data Source and Participants

The baseline characteristics were registered in CCC-ACS project,
a collaborative study of the American Heart Association and
the Chinese Society of Cardiology launched in 2014, aimed
to improve the quality of care of patients with ACS in
China. Institutional review board approval was granted for this
research with a waiver for informed consent by the local ethics
committee. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki.

The population included was patients admitted for ACS
and registered in the CCC-ACS project. The data in Zhongda
Hospital from November 2014 to October 2019 and in Yancheng
Third People’s Hospital from May 2015 to December 2016, which
were two tertiary hospitals in China, were finally included in this
study. According to the time of enrollment, patients admitted
in Zhongda Hospital from November 2014 to December 2017
were serve as the training cohort (n = 793). Those admitted
after 2018 in Zhongda Hospital and patients from Yancheng
Third People’s Hospital were split into the validation cohort (n =
567). ACS was defined as: (1) ST-segment elevation myocardial
infarction (STEMI): patients with acute chest pain and persistent
(>20 min) ST-segment elevation; (2) non-ST-segment elevation
ACS (NSTE-ACS): patients with acute chest discomfort but no
persistent ST-segment elevation exhibit ECG changes that may
include transient ST-segment elevation, persistent or transient
ST-segment depression, T-wave inversion, flat T waves, or
pseudo-normalization of T waves; or the ECG may be normal
(19, 20). Patients younger than 18 years old or with missing
important variables were excluded from the analysis.

Observation Indexes and Outcomes

Baseline clinic data, including age, gender, body mass index
(BMI), clinical conditions at admission, medical history,
diagnose, auxiliary examination, pre-hospital, and in-hospital
treatment was derived from CCC-ACS project. From our
initial list, missing data were filled by querying the hospital’s
electronic medical records and variables in the dataset with >30%
missing values were excluded. Under the assumption that the
rest of the missing data were missing-at-random, we use the
multiple interpolation method for missing values. Meanwhile,
we calculated the admission GRACE score. A total of 28
parameters obtained on admission were shown in Table 1. All
indicators were available within 24 h of admission. The primary
outcome of the study was the occurrence of MACCE, which was
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TABLE 1 | Baseline characteristics of ACS patients with or without in-hospital MACCE.

Characteristic

Training cohort

Validation cohort

MACCE =0 MACCE = 1 P MACCE =0 MACCE = 1 P
(n =737) (n = 56) (n = 530) (n=37)
Male, n (%) 551 (74.8) 30 (53.6) <0.01 373 (70.4) 21 (56.8) 0.08
Age, years 65+ 13 75+ 11.2 <0.01 64.2 +£12.9 751 +85 <0.01
BMI, kg/m? 24.8 £+ 3.1 23.7+25 0.02 255+ 3.3 24.6+29 0.13
Clinical conditions at admission
HR, beats/min 80+ 16 88 + 20 <0.01 80+ 16 86 + 22 0.02
SBP, mmHg 132 £ 22 130 + 28 0.63 136 + 25 124 + 26 <0.01
Killip, n (%) <0.01 <0.01
| 537 (72.9) 21 (37.5) 449 (84.7) 15 (40.5)
Il 143 (19.4) 13(23.2) 64 (12.1) 12 (32.4)
Il 34 (4.6) 7(12.5) 9(1.7) 4(10.8)
[\ 23 (3.1) 15 (26.8) 8(1.5) 6(16.2)
Cardiogenic shock, n (%) 24 (3.3 12 (21.4) <0.01 6(1.1) 3(8.1) <0.01
AHF, n (%) 62 (8.4) 25 (44.6) <0.01 20 (3.8) 16 (43.2) <0.01
Medical history, n (%)
Smoke 309 (41.9) 14 (25.0) 0.01 236 (44.5) 14 (37.8) 0.43
Hypertension 478 (64.9) 43 (76.8) 0.07 317 (59.8) 21 (56.8) 0.71
COPD 12 (1.6) 4(7.1) <0.01 6(1.1) 2 (5.4) 0.03
DM 226 (30.7) 24 (42.9) 0.06 122 (23.0) 11 (29.7) 0.35
History of MI 55 (7.5) 5(8.9) 0.69 30 (5.7) 12.7) 0.44
History of PCI 108 (14.7) 8 (14.3) 0.94 38(7.2) 1(2.7) 0.3
Renal failure 18 (2.4) 3(5.4) 0.19 9(1.7) 2 (5.4) 0.1
Diagnosis, n (%) <0.01 <0.01
NSTEMI 277 (37.6) 33 (58.9) 144 (27.2) 9 (24.3)
STEMI 427 (57.9) 18 (32.1) 294 (55.5) 28 (75.7)
UAP 33 (4.5 5(8.9) 92 (17.4) 0(0.0)
Auxiliary examination
ST-segment deviation, n (%) 570 (77.3) 46 (82.1) 0.41 400 (75.5) 36 (97.3) <0.01
LVEF, % 57 £ 12 54 + 10 0.1 57+9 50 + 10 <0.01
Tnl, ng/ml 6.5+ 156.1 6.4 +16.3 0.97 7.0+25.6 156.0+21.8 0.07
Hemoglobin, g/dl 13.6 £ 2.1 123+£25 <0.01 13.8+19 124 2.4 0.27
Scr, umol/L 97 + 84 156 + 145 <0.01 87 £79 115+ 69 0.03
FBG, mmol/L 70+£28 10.7 £ 6.7 <0.01 6.9+28 7.7 £44 0.1
HDL, mmol/L 1.1+03 1.0+0.3 0.12 1.1+03 1.2+04 0.18
LDL, mmol/L 29+09 2.7 +£09 0.32 28+1.0 24 +£09 0.02
In-hospital treatment, n (%)
PCI 574 (77.9) 25 (44.6) <0.01 351 (66.2) 20 (54.1) 0.13
DAPT 710 (96.3) 49 (87.5) <0.01 431 (81.3) 31(83.8) 0.71
Pre-hospital treatment, n (%)
B-blocker 60 (8.1) 3(5.4) 0.46 31(5.8) 4(10.8) 0.23
ACEls or ARBs 103 (14.0) 9 (16.1) 0.66 71 (13.4) 3(8.1) 0.36
GRACE score 153 + 34 192 + 43 <0.01 139 + 33 192 + 38 <0.01

Data are presented as n (%) or mean + SD.

MACCE, major adverse cardiovascular and cerebrovascular events; BMI, body mass index; HR, heart rate; SBF, systolic blood pressure; AHF, acute heart failure; COPD, chronic
obstructive pulmonary disease; DM, diabetes mellitus; MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, non-ST segment elevation myocardial infarction;
STEMI, ST-segment elevation myocardial infarction; UAF, unstable angina pectoris; LVEF, left ventricular ejection fraction; Tnl, troponin I;Scr, serum creatinine; FBG, fasting blood-glucose;
LDL, low-density lipoprotein cholesterol; DAPT, Dual antiplatelet therapy; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor inhibitor.
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November 2014 to October 2019
2325 patients with ACS in Zhongda
Hospital

l

‘ 1193 ACS patients registered in ‘

CCC-ACS

May 2015 to December 2016
615 patients with ACS in Yancheng 3rd
Hospital

i

303 ACS patients registered in
CCC-ACS

Variables missing
n=112

Variables missing
n=26

| 1081 ACS patients included |

Before 2018 After 2018

A

| 279 ACS patients included |

A 4
Training cohort
n=793

FIGURE 1 | Study flow chart. Patients from Zhongda Hospital and Yancheng Third People’s Hospital were included in the study. The enrolled study population was
divided into a training cohort and a validation cohort. ACS, acute coronary syndrome; CCC, Improving Care for Cardiovascular Disease in China.

A 4
n=288 n=279

v v

External validation cohort
n=567

defined as all-cause death, reinfarction, stroke, and heart failure
during hospitalization.

Statistical Analysis

Continuous variables were expressed as mean =+ standard
deviation and categorical variables were described as counts
and percentages. Differences between two groups for continuous
variables were compared by simple ¢-test and categorical
variables were compared by exact Fisher’s exact test.

Firstly, a univariate analysis was performed based on the
variables available in the database to derive risk factors for the
occurrence of MACCE in patients with ACS. Then, combining
previously reviewed literature and clinical experience, possible
risk factors were selected. A total of 28 candidate predictor
variables were included to construct the prediction model.
Through the Least absolute shrinkage and selection operator
(LASSO) analysis, a regression penalty was applied to all variables
so that the coeflicients of relatively insignificant variables been
excluded from the model, the independent variables that had a
greater impact were selected and the corresponding regression
coefficients were calculated, resulting in an optimal logistic
model. The final model built to predict in-hospital MACCE
in ACS patients was presented by nomogram for ease of use.
The risk model was then test on the validation cohort. Model
performance was assessed according to the area under the
receiver operating characteristic curve (AUC), calibration plot
and decision curve analyses (DCA).

All statistical tests were two-sided, and P < 0.05 were
considered significant. Statistical analyses were completed using
Stata 15.0 for Windows (StataCorp Texas, USA) and R software
version3. 6. 1 (R Foundation for Statistical Computing).

RESULT

Participants

A total of 1,496 patients (1,193 from Zhongda Hospital and
303 from Yancheng Third People’s Hospital) were consecutively
registered in CCC-ACS project between November 2014 to
October 2019. Patients with missing data in the variables (n =
138, 112 in Zhongda Hospital, 26 in Yancheng Third People’s
Hospital) were excluded (Figure 1), resulting in a population of
1,360 patients were included in the final analysis.

Clinical Characteristics

Baseline characteristics of ACS Patients with or without in-
hospital MACCE in the training and validation cohort are
summarized in Table1l. As shown, variables significantly
different between the MACCE group and non-MACCE groups
were: gender, age, BMI, heart rate, Killip grading, cardiogenic
shock and acute heart failure at admission, smoke, past
history of chronic obstructive pulmonary disease (COPD),
Hemoglobin, serum creatinine, fasting blood-glucose (FBG),
early-stage percutaneous coronary intervention (PCI), and dual
antiplatelet therapy (DATP) at admission. When comparing the
GRACE scores, it was found that the GRACE scores in the
MACCE group were significantly higher than the non-MACCE
values (p < 0.01, Table 1).

Outcomes

During hospitalization, 137 MACCE occurred, and a total of
93 people had MACCE, giving a MACCE incidence of 6.84%,
with 40 in-hospital deaths and a mortality of 2.94%. The mean
hospitalization period in training cohort was 9 £ 6 days. The
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TABLE 2 | Outcome of ACS Patients in training cohort and validation cohort.

Outcome Training cohort Validation cohort p
(n =793) (n = 567)

Hospital stays, days 9+6 9+ 16 0.39
MACCE, n (%) 56 (7.1) 37 (6.5) 0.7
Mortality, n (%) 28 (3.5) 12 (2.1) 0.13
In-hospital HF, n (%) 21 (2.6) 25 (4.4) 0.08
Stroke, n (%) 10 (1.3) 2(0.4) 0.08
Infarction again, n (%) 1(0.1) 1(0.2) 0.81

Data are presented as n (%) or mean + SD.
MACCE, major adverse cardiovascular and cerebrovascular events; HF, heart failure.

incidence of MACCE did not differ between the training and
validation cohort (P = 0.7, Table 2).

Training Model and Screening Variables

For nomogram development, we first performed univariate
analysis and a systemic literature review of existing ACS risk
models, aiming to identify candidate predictor variables. Then,
the available clinical and laboratory data of patients in the CCC-
ACS database were reviewed. We initially selected 28 candidate
variables available at 24 h of admission (Table 1). These candidate
variables were reduced to four potential predictors on the basis
of 793 patients in the training cohort (Figure2). The four
features were: age, Killip grading, FBG and whether PCI was
performed at early medical contact and coeflicients of these
features in the LASSO logistic regression model were not zero.
A logistic regression analysis identified the age, Killip grading,
FBG and whether PCI was performed at early medical contact as
independent predictors (Table 3). The model that incorporated
the above predictors was presented as a nomogram (Figure 3).

Model Prediction Ability Evaluation

The AUC of the nomogram was 0.807 (95% CI 0.736-0.878,
Table 4 and Figure 4A) in the training cohort, and the AUC of
the GRACE score and EMMACE score were 0.761(95% CI 0.69-
0.878) and 0.723 (95% CI 0.648-0.798). In the validation cohort,
the nomogram yielded an AUC of 0.813 (95% CI 0.738-0.889,
Table 4 and Figure 4B), and the AUC of the GRACE score and
EMMACE score were 0.851(95% CI 0.786-0.916) and 0.675(95%
CI 0.585-0.764), proving the discriminatory capacity of the
nomogram was comparable with the GRACE score (training
P =0.10, validation P = 0.28) and superior to the EMMACE
score (training P = 0.01, validation P < 0.01).

Depending on whether the ST segment elevated or not, ACS
patients can be divided into STEMI and NSTE-ACS cohort.
The subgroup analysis showed consistent results as the overall
population. The nomogram performed better in the NSTE-ACS
patients than in the STEMI cohort with an AUC of 0.913 (95%
CI 0.851-0.975, Table 4), higher than the AUC of 0.852 (95%
CI 0.68-1.000) of the GRACE score, but the difference was
not statistically significant (P = 0.4). In the STEMI cohort,
the nomogram yielded an AUC of 0.801 (95% CI 0.712-0.890,

A 28 28 28 28 28 28 27 26 22 21 18 17 13 7 5 4 2 2
o
3
=
8
s
3
)
T @ | teessnin.,
£ 1 Ml
2 (2391
@ Tee
el
.....
.............
o
<
)
T T T T T T
9 8 7 6 5 4 3
log ()
B 28 28 28 26 18 10 2

Coefficients

log (3)

FIGURE 2 | Texture feature selection using the LASSO binary logistic
regression model. (A) Tuning parameter (1) selection in the LASSO model used
10-fold cross-validation via minimum criteria. The AUC curve was plotted vs.
log (A). Dotted vertical lines were drawn at the optimal values by using the
minimum criteria and the 1 standard error of the minimum criteria (the 1-SE
criteria). A 2 value of 0.038, with log (), 3.273 was chosen (1-SE criteria)
according to 10-fold cross-validation. (B) LASSO coefficient profiles of the 28
texture features. A coefficient profile plot was produced against the log (i)
sequence. Vertical line was drawn at the value selected using 10-fold
cross-validation, where optimal A resulted in 4 non zero coefficients. AUC, area
under the receiver operating characteristic; LASSO, least absolute shrinkage
and selection operator.

Table 4) and the AUC of the GRACE score was 0.836(CI 0.712—
0.890, 0.760-0.912), the difference was not statistically significant
(P =0.33). The nomogram performed better than the EMMACE
score, whether validated in the ACS population or separately in
subgroups, with a statistically significant difference.

Good calibration was observed for the probability of MACCE
both in the training and validation cohort. The calibration
plot yielded a non-significant statistic (training, p = 0.847 >
0.05; validation, p = 0.972 > 0.05, Figures4C,D), revealed
a proper consistency between nomogram predictions and
actual observations.
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TABLE 3 | Logistic regression model for predicting in-hospital MACCE in ACS.

Variable B Odds Ratio (95% ClI) P
Age 0.346 1.413 (1.069-1.867) 0.015
Killip 0.707 2.027 (1.517-2.710) <0.01
PCI —0.648 0.522 (0.275-0.995) 0.048
FBG 0.161 1.174 (1.1-1.252) <0.01
Intercept —7.177

Age, per 10 years;, FBG, mmol/L.

Clinical Application

A DCA for nomogram and GRACE score was performed to
determine their clinical validity by quantifying the net benefit
at different threshold probabilities in the validation cohort
(Figures 4E,F).

The decision curve showed that if the threshold probability
of a patient is between 2 and 80%, the net benefit of applying
this nomogram is significantly higher than the two extreme cases,
where all patients are considered to be at high risk or all at low
risk. The net benefit of the nomogram was comparable to the
GRACE score, but the nomogram has a much wider range of
benefits. This model has good clinical usefulness of and of great
value for evaluating the clinical prognosis of clinical patients
with ACS.

DISCUSSION

In this study, a clinical prediction nomogram was developed
and validated for predicting in-hospital MACCE in patients
with ACS. The nomogram comprises four variables: age, Killip
grading, FBG and whether early-stage PCI was performed during
hospitalization. All indicators were available within 24h of
admission, and laboratory tests were routinely performed on
patients admitted to the hospital. So that this model can predict
the occurrence of in-hospital MACCE in ACS patients and
provide risk stratification of patients at early medical contact
without additional economic burden on patients.

Various indicators have been reported to predict prognosis
of ACS: NLR (21), the hs-cTnT and hs-cTnl (22, 23), plasma
ceramides (24), and progenitor cells (25), etc. Among them, some
of the serological markers are not frequently tested-in hospital
and demand additional time and cost. Moreover, the sensitivity
and fitting degree of predicting MACCE by a single serum marker
are poor and found instable in different studies. Meanwhile,
several risk scores for risk assessment have been proposed,
including the Evaluation of the Methods and Management of
Acute Coronary Events (EMMACCE) (26), TIMI (27), PURSUIT
(28), and the Global Registry of Acute Coronary Events (GRACE)
risk score (29, 30). These risk scores were derived from
randomized controlled trials or multinational registries and each
has its own strengths. The objective of EMMACE is to evaluate
care of patients admitted with acute myocardial infarction. The
EMMACE risk model contains the fewest number of variables
and uses three variables-age, SBP and HR on admission to
predict 30-day mortality for STEMI (26). The PURSUIT risk

model predicts 30-day death and the composite of death or
AMI in ACS patients without persistent ST-segment elevation
(28). The TIMI scores differ slightly for the different populations
of NST-ACS and STEMI. The endpoint events for the NST-
ACS population are composite endpoints, including mortality,
myocardial infarction and emergency revascularization within
2 weeks of ACS (31). The score for STEMI patients predicts
the risk of death within 30 days (11). The GRACE risk score
included patients with ACS and predicts all-cause in-hospital and
6-month death (29, 30, 32). The TIMI score does not compare
favorably with other scores in the prediction of NST-ACS and
the prediction of prognosis in STEMI patients is comparable
to that of the GRACE score (33). However, the GRACE score
is more commonly used in clinical practice based on the fact
that it contains more clinically relevant evaluation indicators
and includes all patients with ACS (34). In these scores, the
most frequently occurring indicators with the highest predictive
effectiveness are age, SBP and heart rate on admission. The
similarities and differences in the variables included were detailed
in Supplementary Table 1.

Although these risk scores have been externally validated and
some have even been recommended by guidelines for clinical
practice, when applied to a “real world” population, there are
still some limitations. Firstly, many risk scores are derived
from randomized controlled trials that may exclude many high-
risk patients or are validated only in specific populations. The
mortality in this CCC-ACS cohort is higher than that in the
derivation of GRACE and PURSUIT scores, which reveals the
difficulties in generating “real world” data from trial populations
owing to exclusions of higher-risk individuals from clinical trials.
This should be considered when applying risk stratification
methods to the general population (35). Secondly, the risk
scores were created long ago and incorporated populations
from about 20 years ago. The greater use of newer therapies
for ACS has altered model discriminative performances with
time. Coronary angiography and PCI were performed more
widely since <30% of patients underwent PCI two decades ago
when the GRACE studies conducted (10). At the same time,
the application of medical treatments has changed, such as
dual antiplatelet therapy, ACEIs/ARBs and S-blockers. All these
changes may induce previous risk scores not being applicable
to today’s ACS population. Additionally, most of the patients
included in the GRACE score were from Europe and The
United States, among which the sample size of China or Asia
was definitely limited. Whether the GRACE score is applicable
in the Chinese population in the new era of widespread PCI
remains to be tested. Thirdly, in clinical practice, ACS is often too
urgent for risk assessment, so coronary angiography is performed
directly. Moreover, many indicators included in the risk score
are difficult to obtain at early medical contact. For example,
testing for serum creatinine in the GRACE score takes extra
time, and waiting for its results may delay the patient’s condition.
The high number of variables included in risk scores and the
cumbersome evaluation process are also among the reasons that
limit their application. Fourthly, there is currently controversy
about whether risk scores can truly improve patient prognosis. A
recent prospective study confirmed that the use of the GRACE
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FIGURE 3 | Developed in-hospital MACCE prediction nomogram in patients with ACS. ACS, acute coronary syndrome; FBG, fasting blood-glucose; MACCE, major
adverse cardiovascular and cerebrovascular events; PCI, percutaneous coronary intervention.

TABLE 4 | The AUC (95% Cl) of different models in training cohort and validation cohort.

Cohort Nomogram GRACE score EMMACE model P4 P>
Training cohort 0.807 (0.736-0.878) 0.761 (0.69-0.878) 0.723 (0.648-0.798) 0.10 0.01
Validation cohort All 0.813 (0.738-0.889) 0.851 (0.786-0.916) 0.675 (0.585-0.764) 0.28 <0.01
NSTE-ACS 0.913 (0.851-0.975) 0.852 (0.683-1.000) 0.733 (0.598-0.869) 0.41 <0.01

STEMI 0.801 (0.712-0.890) 0.836 (0.760-0.912) 0.73(0.608-0.813) 0.33 0.03

P+, Nomogram compared with GRACE score; P>, Nomogram compared with EMMACE model.

risk score to guide treatment decisions in ACS increased the rate
of early dumping, but does not improve the 1-year risk of death
or the risk of recurrent infarction (36). This study suggests that
the implementation of routine GRACE risk assessment based
on guideline adherence at higher levels of cardiac centers does
not benefit though may be associated with a low event rate
and premature study termination. This reveals a well-recognized
difficulties in generating “real world” data from trial populations
and the conflict between theory and reality suggests that more
exploration of risk scores is needed.

In the newly developed prediction model, age and Killip
classification coincide with the evaluation indicators in the
GRACE score and TIMI score (27, 29). It also emphasized on the
patient’s vital signs at admission, because it is closely related to
the severity of the disease and the prognosis of the patients. As it
is evident from the prediction model, higher FBG was risk factors
for MACCE, which can also be seen from the nomogram and was
the most highly co-relatable with outcomes, weighting highest

among four variables included in the model. FBG is of great value
in the prognosis assessment of ACS patients. Previous studies
have shown that patients with hyperglycemia have a higher risk
of in-hospital and long-term MACCE regardless of whether they
have diabetes, which relates high FBG with the stress state and
the release of inflammatory factors (37). In this study, as shown,
early PCI treatment is considered to be an important protective
factor for in-hospital outcomes in ACS patients. In this dataset,
which is current and up-to-date, the prevalence of PCI is about
70%, which is significantly higher than 20 years ago and close to
the incidence of PCI at present, demonstrating that the sample in
this study represents the current population (10, 38, 39). More
research is needed to explore whether early PCI can provide
greater benefit to all ACS patients. The mortality rate in this study
was 2.94 %, which is at a median level compared to previous
studies (39, 40). The incidence of MACCE was 6.84 %, which
was slightly higher than that in previous studies (39, 41), which
may corelates with broader definition of MACCE in this study
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FIGURE 4 | Comparison of ROC curves for nomogram with GRACE score and EMMACE score for predicting in-hospital MACCE in patients with ACS in the training
cohort. (A) Comparison of ROC curves for the in-hospital MACCE nomogram with GRACE score and EMMACE score in the training cohort. (B) Comparison of ROC
curves for the in-hospital MACCE nomogram with GRACE score and EMMACE score in the validation cohort. (C) Calibration plot of the in-hospital MACCE
nomogram in the training cohort. (D) Calibration plot of the in-hospital MACCE nomogram prediction in the validation cohort. The x-axis represents the predicted
in-hospital MACCE risk in ACS. The y-axis represents the actual diagnosed in-hospital MACCE. The diagonal line represents a perfect prediction by an ideal model.
The solid line represents the performance of the nomogram, in which a closer fit to the diagonal line represents a better prediction. (E) Decision curve analysis for the
in-hospital MACCE nomogram and GRACE score in the training cohort. (F) Decision curve analysis for the in-hospital MACCE nomogram and GRACE score in the
validation cohort. The y-axis measures the net benefit. The black dotted line represents the in-hospital MACCE nomogram and the black zone line represents the
GRACE score. The gray solid line represents the assumption that all patients are ACS complicated with MACCE. The black solid line represents the assumption that
none of the patients used MACCE in ACS. The decision curve analysis showed that if the threshold probability of a patient is between 2 and 80%, using this
in-hospital MACCE nomogram prediction in the current study to predict in-hospital MACCE risk adds more benefit than the “intervention-for-all” patient scheme or the
“intervention-for-none”. ACS, acute coronary syndrome; EMMACE, Evaluation of the Methods and Management of Acute Coronary Events; GRACE, Global Registry

of Acute Coronary Events; MACCE, major adverse cardiovascular and cerebrovascular events; ROC, receiver operating characteristic.

and patients included were from tertiary hospitals with chest
pain center, indicating severe underlying conditions in patients
compared to previous studies.

While developing a prediction model, the data set partition
is usually necessary before its construction. Common methods
include external validation from different centers, completely
random grouping i.e., internal validation and external out
time validation. The external validation had the highest level
of evidence among all validation methods, but some of the
external validation did not yield good results due to the possible
genetic, environmental, and lifestyle effects of the data from
different centers and the way data distributed. Dodson et al.
(42) developed a prediction model for readmission within 30
days for elderly AMI patients using a completely randomized
approach. Although the study included 3,006 patients from 94
hospitals in the United States, a very representative sample as a
multicenter study, a completely randomized approach was used
in assigning the sample. Although almost equal C-index could be
obtained in the training and validation cohort statistics, it does
not provide strong evidence of good predictive efficacy of this

prediction model, as the completely randomized grouping may
have made the characteristics of the data more similar between
the two groups, reducing the variation in components. Recently,
a study to predict the risk of patients with diabetic kidney
disease initiating renal replacement in 3 years were grouped
according to the chronological order of the data (43). In our
study, a comprehensive method was used. Data from 2014 to
2017 in Zhongda Hospital was set into the training cohort, mixed
data from Zhongda Hospital after 2018 years and Yancheng
Third People’s Hospital between 2015 and 2016 was set into the
validation cohort. It was also an external validation. We did not
use the data only from the Yancheng Third People’s Hospital
as external validation because it contained too small a sample
size and an even smaller number of endpoint events, so the
validation results were not representative. Also, dividing the data
according to time has certain problems. As time progresses, the
treatment of the disease and people’s awareness of the disease may
also change, which may make the two data sets differ in some
characteristics. However, the comprehensive method prevented
us from artificially selecting models that contribute to the test set
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data, making the prediction results closer to the actual clinical
results. The robust and stable performance in the validation
cohort of the nomogram also proved the reliability of the model.

The nomogram may serve as a complement to previous risk
scores with variables that are routine available at early medical
contact. Firstly, it exhibited good discrimination ability, which is
comparable with the GRACE score. However, the model contains
only four variables, which is easier to use than the GRACE
score. Compared to the EMACCE score, the number of variables
included in the model increased by only one, but the predictive
power was greatly improved. Secondly, we only excluded patients
with missing data, and the population included in this study was
between 2014 and 2019, so the study population was the latest
and closer to the real-world than other registries. This nomogram
may have potential applications. It can be used to stratify patients
at risk much easier and to accurately treat and care for the patient
accordingly. Variables included in this model that are the same as
in other models need to be highlighted in the risk stratification
of patients, and predictors like FBG and early-stage PCI may
provide useful information for updating other models. With the
advancement of diagnosis and treatment technology, more new
models are likely to emerge in the future.

LIMITATION

There are some limitations of this study. Firstly, the data in
this study was from a web-based data collection platform and
there may be a selective bias. Although the study included data
from only two centers, we did external validation in Yancheng
Third People’s Hospital and Zhongda Hospital has 65 group
hospitals and involves patients from many parts of Anhui and
Jiangsu, so the results are somewhat representative. Secondly, in
the process of statistical analysis, variables with more than 30%
of missing values were removed, which may lead to a certain bias
in the results of statistical analysis, and to some extent, affect the
objectivity and correctness of the study conclusions. For missing
data, the multiple fill method was used, which to a certain extent
avoided the possibility that the confidence interval range of the
effect indicators might be underestimated when filling in the
missing values, but the data processing techniques could only be
infinitely close to the real data and could not be fully equivalent.
The implementation process and data management stage of
clinical trials should prevent the generation of missing data as
much as possible, strengthen data collection, and avoid cases
shedding missing visits, so as to ensure the integrity and validity
of the data. Thirdly, the present study included a relatively
modest sample size. However, the validation of the model in an
internal cohort somewhat mitigates the sample size concern. In
the future, more detailed studies with larger sample sizes and
external verifications should be designed to further improve and
confirm the accuracy of this model.

CONCLUSION

Risk stratification of patients is potentially important in guiding
clinical decision making and optimizing care and treatment. Here

we proposed a simple and user-friendly method to objectively
and accurately predict the possibility of in-hospital MACCE in
ACS patients, and analysis in the validation cohort and subgroups
also confirmed its forecast robustness and reliability. Although
there is no evidence that it improves prognosis, more prospective
observational studies are needed to confirm its clinical value.
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