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Background: Given that age, international normalized ratio (INR), total bilirubin, and creatinine are reported to be independent risk
factors for predicting outcome in patients with coronary artery disease (CAD), it is possible that the age—bilirubin—INR—creatinine
(ABIC) score might be a potential prognostic model for patients with CAD.

Methods: A total of 6046 CAD patients after percutaneous coronary intervention (PCI) from the retrospective cohort study (Identifier:
ChiCTR-ORC-16010153) were evaluated finally. The primary outcome long-term mortality and secondary endpoints mainly major
adverse cardiovascular and cerebrovascular events (MACCEs) were recorded. Multivariate Cox regression models were used to
determine risk factors for mortality and MACCE:s.

Results: The ABIC score was significantly higher in the death group than in the survival group. After adjusting for other CAD risk
factors, the ABIC score was identified to be an independent risk factor for long-term mortality by multivariate Cox analysis. When in
the high ABIC group, the incidence of all-cause mortality would increased 1.7 times (adjusted HR=1.729 (1.347-2.218), P<0.001),
and 1.5 times for cardiac death (adjusted HR=1.482 (1.126-1.951), P=0.005).

Conclusion: The present study indicated that ABIC score>7.985 predicts high long-term mortality and cardiac death risk for PCI
patients. The ABIC score might be a potential prognostic model for patients with PCI.
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Introduction
Cardiovascular disease (CVD) is considered as the leading cause of death (accounting for approximately 31% of
all global deaths) and is expected to remain so until 2030." Percutaneous coronary interventions (PCI) are
increasingly used in patients with coronary artery disease (CAD). Despite the improvement of medical level,
CAD is still one of the leading causes of disability and death worldwide, leading to a large consumption of health
resources.” People with cardiovascular disease or who are at high cardiovascular risk (due to the presence of one
or more risk factors such as hypertension, diabetes, hyperlipidemia, or already established disease), are considered
as a high-risk group and have certain adverse effects on the prognosis of CAD.>> There are also several other
biomarkers which are useful in CAD, such as serological biomarkers of atherosclerosis as well as genetic and
imaging markers.®” However, few simple and effective tools are available for determining the prognosis of CAD
after PCI and validated in an external data set.

The age-bilirubin—INR—creatinine (ABIC) score, based on age and parameters indicating hepatic function, coagula-
tion, and renal function, was originally proposed as a tool to assess survival in alcoholic hepatitis (AH) and used to
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identify patients’ responding to corticosteroid therapy.® It was confirmed by subsequent studies that the ABIC score to be
a useful tool that allows the stratification of risk of death in patients with AH at 90 days and 1 year.* It offers a simple

12,13 and creatinine'*

and practical method for alcoholic hepatitis and liver failure. Given that age, INR,'*!" total bilirubin,
are reported to be independent risk factors for predicting outcome in patients with CAD, it is possible that the ABIC
score might be a potential prognostic model for patients with CAD. We therefore designed this study with the aim of
investigating the value of the ABIC score for predicting the prognosis of CAD patients after PCI based on data collected

from our retrospective study.

Methods

Patients in Study Cohort

A total of 6050 CAD patients who underwent PCI in the First Affiliated Hospital of Xin jiang Medical University from
January 2008 and December 2016, registered as “The Clinical Outcomes and Risk Factors of patients with Coronary
Heart Disease after PCI (CORFCHD-PCI) study”, were included. The details of the design can be found on http:/www.
chictr.org.cn (Identifier: ChiCTR-ORC-16010153). More details have been described somewhere else.'> Four patients
were excluded due to data not available, and 6046 patients with CAD after PCI were finally evaluated. The flow chart of
inclusion and exclusion of participants is shown in Figure 1. The ethics committee of the First Affiliated Hospital of
Xinjiang Medical University approved the study protocol. Due to the retrospective design of the study, the need to obtain
informed consent from eligible patients was waived by the ethics committee.

6050 CAD patients after PCI were evaluated initially from
CORFCHD-PClI(Identifier: ChiCTR-ORC-16010153)

4 patients were
”| excluded for parameter
data not available

6046 CAD patients after PCI were
finally analyzed

ABIC ABIC
score<<7.985 score=>7.985
(n=3238) (n=2808)

5 | Follow up for median
32 months

Primary endpoint: Long-term mortality after PCI.

Secondary endpoint: Bleeding events, readmission, TVR, heart failure,
major adverse cardiovascular events (MACEs) defined as the
combination of cardiac death, recurrent myocardial infarction, and
target vessel reconstruction, and MACCEs defined MACEs plus stroke.

Figure | The flow chart of participant inclusion.
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Definition

We generated the age, serum bilirubin, INR, and serum creatinine to define the ABIC score: (agex0.1)+(serum
bilirubinx0.08)+(serum creatininex0.3)+(INRx0.8). Hypertension was defined as systolic blood pressure of >140 mm/
Hg and/or diastolic blood pressure of >90 mm/Hg, measured at least twice or with any anti-hypertensive medication.
Diabetes is defined as a fasting blood glucose level of 126 mg/dL as measured multiple times or as currently administered
anti-diabetic drugs. Hypercholesterolemia is considered to have serum total cholesterol of >200 mg/dL or to be treated
with lipid-lowering drugs. The primary outcome is long-term mortality after PCI. The secondary endpoint was major
adverse cardiac and cerebrovascular event (MACCE), which was defined as a combination of stroke, cardiac death, stent
thrombosis, recurrent myocardial infarction, and target vessel remodeling. The end date of follow-up for each partici-
pant’s primary study was recorded as the date of occurrence of the identified primary or secondary endpoint event, or the
end date of follow-up at the participating evaluation center, whichever came first. More details have been described
somewhere else.'”

Data Collection

Peripheral venous blood samples were taken upon admission. Echocardiogram and laboratory data were recorded, and all
variables were measured on fresh samples using an automated, clinically validated collimator. Baseline data including
age, sex, history of hypertension and diabetes, smoking, alcohol consumption, and other clinical and demographic
characteristics were recorded by two professionals. During follow-up, beta-blocker, angiotensin converting enzyme
inhibitor (ACEI), angiotensin II receptor blocker (ARB), statins, aspirin, collateral, and calcium channel blocker
(CCB) were recorded. Clinical follow-up data for participating patients were obtained through outpatient examinations
and/or telephone interviews with patients or family members.

Statistics Analysis

All analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA). The Kolmogorov—Smirnov test is used to
evaluate the normality of the distribution. Continuous variables with a normal distribution were specified as the mean
+standard deviation, and categorical variables were specified with number and percentage. To compare parametric
continuous variables, the Student’s f-test was used, and to compare nonparametric continuous variables, the Mann—
Whitney U-test was applied. Chi-square (%) tests were used to compare the categorical variables. The results were
reported as hazard ratios (HRs), together with 95% confidence intervals. Multivariate Cox proportional hazard models
were used to determine independent parameters for long-term mortality and MACCE. The cumulative survival curves
were constructed using the Kaplan—-Meier method for both primary and secondary endpoints and compared using log
rank tests. P<0.05 is considered significant.

Results

According to the receiver operating curve (ROC), the best cut-off value was defined as high ABIC score >7.985
and low ABIC score <7.985, after which patients were divided into groups with high and low ABIC scores.
Numerous variables vary significantly between patients in different ABIC score groups. Participants with higher
ABIC score were also elder with additional morbidity of essential hypertension and diabetes mellitus, higher
level of blood urea nitrogen (BUN), creatinine (Cr), total bilirubin (TBIL), and INR. There are more males, more
likely to drink, smoke, and higher level of uric acid (UA) and triglyceride (TG) in the low ABIC group
(Table 1). The primary comparison was long-term mortality, when ABIC score >7.985, long-term mortality,
and cardiac death incidences occurred more regularly (P<0.001). In total, 309 patients died during follow-up.
There was significantly higher mortality in the elevated group compared to that in the lower group with 192
(6.8%) vs 117 (3.6%), cardiac death 148 (5.3%) vs 103 (3.2%) and MACCE 422 (15.0%) vs 440 (13.6%)
respectively. However, the frequency of secondary endpoints named MACCEs did not differ significantly
between the two groups (Table 2). After adjusting for gender, smoking, drinking, diabetes, hypertension, BUN,
UA, and TG, the multivariate Cox proportional hazards model showed that when ABIC score >7.985, the
incidence of all-cause mortality would be increased 1.7 times (adjusted HR=1.729 (1.347-2.218), P<0.001)
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Table | Baseline Characteristics of Study Patients

Variables ABIC Score <7.985 (n=3238) | ABIC Score >7.985 (n=2808) | P value
Age (years) 51.8+7.4 68.4+6.64 <0.001
Male [n (%)] 2619 (80.9%) 1878 (66.9%) <0.001
Smoking [n (%)] 1550 (47.9%) 871 (31.0%) <0.001
Drinking [n (%)] 1197 (37.0%) 570 (20.3%) <0.001
Hypertension [n (%)] 1222 (37.7%) 1331 (47.4%) <0.001
Diabetes [n (%)] 709 (21.9%) 741 (26.4%) <0.001
BUN (mmol/l) 5.28x1.51 5.79+1.82 <0.001
Cr (mmol/l) 74.14x17.92 77.89+22.75 <0.001
UA (mmol/l) 329491 317489 <0.001
FBG (mmol/l) 6.56+3.15 6.59+3.12 0.697
TG (mmol/l) 1.96+1.33 1.84£1.20 0.001
TC (mmol/l) 3.98x1.11 3.94%1.11 0.142
HDL-C (mmol/l) 1.01+0.48 1.03£0.49 0.067
LDL-C (mmol/l) 2.48+0.92 2.44+0.91 0.085
INR 0.96+0.10 1.02+0.55 <0.001
TBIL (mmol/l) 11.0+4.3 13.6+£5.9 <0.001
Prior medication

Beta-blocker [n (%)] 1337 (41.5%) 1090 (39.0%) 0.045
ACEIl or ARB [n (%)] 745 (23.2%) 600 (22.2%) 0.355
Statin [n (%)] 1778 (55.4%) 1479 (53.1%) 0.073
Aspirin [n (%)] 2208 (68.7%) 1840 (65.9%) 0.020
Clopidogrel [n (%)] 1005 (31.3%) 831 (29.8%) 0.187
CCB [n (%)] 359 (11.2%) 332 (11.9%) 0.395

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor antagonist; CCB, calcium channel
blocker; BUN, blood urea nitrogen; Cr, creatinine; UA, uric acid; FBG, fasting blood glucose; TG, triglyceride; TC, total
cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; INR, international
normalized ratio; TBIL, total bilirubin.

Table 2 Long-Term Cardiac Events

Clinical Outcomes ABIC Score <7.985 (n=3238) | ABIC Score >7.985 (n=2808) | P value
Primary endpoint

All-cause mortality, n (%) 117 (3.6%) 192 (6.8%) <0.001
Cardiac death, n (%) 103 (3.2%) 148 (5.3%) <0.001
Secondary endpoints

MACEs, n (%) 409 (11.0%) 376 (13.4%) 0.399
MACCEs, n (%) 440 (13.6%) 422 (15.0%) 0.113
HF, n (%) 92 (2.8%) 89 (3.2%) 0.496
Bleeding events, n (%) 97 (3%) 78 (2.8%) 0.645
Re-admission, n (%) 454 (14.1%) 365 (13.1%) 0.258
TVR, n (%) 180 (5.6%) 133 (4.7%) 0.162

Abbreviations: MACCEs, main adverse cardiovascular and cerebrovascular events; MACEs, major adverse cardiac events; HF,
heart failure; TVR, target vessel revascularization.

(Table 3), and 1.5 times in cardiac death (adjusted HR=1.482 (1.126-1.951), P=0.005) (Table 4). We also found
that increased BUN was a weak independent risk factor for predicting long-term death. Using the Kaplan—Meier
analysis with the cut off values of 7.985, the ABIC score stratified patients according to their risk of all-cause
mortality and cardiac death (Figure 2).
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Discussion

Table 3 Cox Regression Analysis Results for Long-Term Mortality

Variables B SE Va P value HR (95% CI)

Sex 0.016 | 0.149 | 0.012 0.914 1.016 (0.758-1.362)
Smoking —0.019 | 0.153 | 0.015 0.902 0.981 (0.727-1.325)
Drinking —0.060 | 0.162 | 0.136 0.713 0.942 (0.686—1.294)
Diabetes 0.026 | 0.140 | 0.035 0.851 1.027 (0.781-1.350)
Hypertension 0205 | 0.123 | 2.795 0.095 1.227 (0.965-1.561)
BUN 0.087 | 0.033 | 7.038 0.008 1.091 (1.023-1.164)
UA 0.000 | 0.001 0.081 0.776 1.000 (0.999-1.002)
TG 0.027 | 0.044 | 0.363 0.547 1.027 (0.942-1.120)
ABIC score 27.985 | 0.547 | 0.127 | 18527 | <0.001 1.729 (1.347-2.218)

Table 4 Cox Regression Analysis Results for Cardiac Death

Variables B SE 2 | Pvalue HR (95% CI)

Sex 0.008 | 0.167 | 0002 | 0964 | 1.008 (0.727-1.397)
Smoking ~0.131 | 0.172 | 0574 | 0449 | 0.878 (0.626-1230)
Drinking 0004 | 0.181 | 0000 | 0983 | 1.004 (0.7041.431)
Diabetes 0.121 | 0153 | 0625 | 0429 | 1.129 (0.836-1.525)
Hypertension 0.140 | 0.138 | 1.037 | 0308 | 1.150 (0.878-1.507)
BUN 0.116 | 0.036 | 10447 | 0001 | 1.123 (1.047-1.204)
UA 0.000 | 0.001 | 0095 | 0758 | 1.000 (0.999-1.002)
TG ~0.009 | 0.053 | 0027 | 0870 | 0.991 (0.893-1.100)
ABIC score 27.985 | 0394 | 0.140 | 7.892 | 0005 | 1.482 (1.126-1.951)

The present study indicated that ABIC score >7.985 increases the risk of all-cause mortality and cardiac death risk for

PCI patients. The ABIC score could be a potential prognostic model for PCI patients. Over the past few decades,

cardiovascular disease has become an epidemic. Considering population shift (population growth, aging population) and

risk factors are still rising, the burden on CAD is expected to increase more in the future.'® Therefore, the burden of this

epidemic must continue to be monitored and useful tools should be established to predict the real needs in terms of staff

and infrastructure.'”'® In patients diagnosed with cardiovascular disease, where early detection and management using
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Figure 2 Cumulative Kaplan-Meier estimates of the time to the first adjudicated occurrence of all-cause mortality and cardiac death.
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counseling and medication as appropriate is required, accurate prognostic stratification would undoubtedly be helpful in
the clinical management of these patients as well as in the design of clinical trials.

Since Framingham first proposed the need for a cardiovascular risk score, numerous studies have followed to
construct a primary score to stratify the risk of CAD and its associated cardiovascular adverse events. Daly et al
established a simple score which was constructed using six clinical and investigative variables parameters to discriminate
effectively between really low risk and extremely elevated risk patients and to estimate the probability of death or non-
fatal myocardial infarction over one year.'” A large multicenter trial was designed to derive a risk score combining 16
routinely available clinical variables for the combination of all-cause mortality, myocardial infarction (MI), and disabling
stroke in patients with stable symptomatic angina.”® Based on outcomes in 8557 patients in the LIPID study, a prognostic
strategy for quantifying the long-term risk of CAD events in survivors of acute coronary syndromes (ACS) was

developed.?! Rapsomaniki et al*?

developed a comprehensive model by 102,023 stable coronary artery disease
(SCAD) patients from the CALIBER program to predict the poor prognostic. Subsequently, several studies suggested
that the age, creatinine, and ejection fraction (ACEF) score to be a prediction model. Lee et al*® suggested the ACEF
score to be a novel valid model to stratify the 1-year mortality risk in 30-day survivors who underwent PCI after acute
myocardial infarction. In Di Serafino et al's** and Deng et al’s studies,?” the ACEF score represents a simple tool in the
prognostication of patients successfully treated with PCI of coronary chronic total occlusion. ACEF score >1.20 was also
found to be significantly associated with MACESs in patients with acute coronary syndrome.?® In ST-elevation myocardial
infarction patients undergoing primary PCI, the novel ACEF-STEMI score provided strong prognostic value.?’

Although the previous models above'® ' had acceptable calibration and discrimination in internal (external) valida-
tion for all-cause mortality and non-fatal MI or coronary death, however, there are a variety of parameters that need to be
fully considered. Compared with the more complicated model evaluation in previous study, the score described in the
current study includes parameters easy to obtain at admission and our validation model is simple, which can quickly
identify patients with extreme risk and allow a rapid identification of the prognosis, so as to guide further evaluation or
prevention. Unlike the broader population with additional non-CVD comorbidities included in Rapsomaniki et al’s
study,” the population included in our study has more restrictive conditions, thus compared with 20.6% all-cause
mortality of patients with SCAD, our all-cause mortality of patients with PCI was significantly lower and our study is
more population-specific. In addition, although the ACEF score is simple, however, the previous studies had a limited
number of subjects or duration of follow-up, which lowers the confidence sufficiently. Overcoming the limitations, we
did determine the efficacy of the ABIC score in a long-term follow-up study of 6046 subjects, providing a reliable tool
and new sight for assessing the long-term outcome of PCI patients.

Some mechanisms may explain the association between bilirubin, INR, creatinine, and mortality and cardiac death in
PCI patients. Research conducted in the last few decades has revealed that bilirubin, a heme catabolism product with
antioxidant, anti-inflammatory, and anti-apoptotic properties, may be implicated in the prognosis of CAD.*®? Lj et al*’
performed a meta-analysis, finding that total bilirubin levels were positively correlated with myocardial infarction (MI)
severity, and higher total bilirubin levels were associated with a greater odds of adverse outcomes in MI patients.
Bilirubin acts as an antioxidant, scavenging peroxyl radicals as efficiently as alpha-tocopherol at concentrations in human
plasma. Both free and bound forms of bilirubin can inhibit the oxidation of low-density lipoproteins act as an critical
initial step in atherogenesis that can stimulate platelet aggregation and can alter vasomotor properties.’® As CAD is
regularly accompanied by an elevated risk of thrombosis and bleeding, it has been revealed by previous studies that its of
great significant relationship between prothrombin time—international normalized ratio (PT-INR) level and CAD
processes.’'*? Lower PT-INR levels reflect a higher risk of blood clots, while higher PT-INR levels indicate a higher
risk of bleeding. The lower risk of bleeding may help limit the formation of bleeding within the plaque, which further
stabilizes the atherosclerotic plaque and reduces the risk of cardiovascular events and death. Moreover, the activation of
inflammation and blood clotting pathways play a crucial role in the pathogenesis of cardiovascular disease, and they can
activate each other and affect the outcome of cardiovascular disease. Inflammation may prolong PT and increase the risk
of bleeding, so higher PT-INR may reflect the active state of inflammation. At the same time, activation of the clotting
system may also hasten the onset of inflammation and lead to a poor prognosis.**** Patients with reduced kidney
function are susceptible to cardiovascular disease, due to their own common risk factors, such as old age, diabetes,
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hypertension, and hyperuricemia. Chronic kidney disease commonly causes patients to develop proteinuria, anemia,
metabolic disorders of calcium and phosphorus, diuretic resistance, systemic edema, and cellular edema, which
significantly aggravate heart damage. In addition, rapid activation of the angiotensin and aldosterone systems, distur-
bance of the endothelial system, and oxidation and antioxidant systems are common pathological bases of heart and
kidney injury. Heart and kidney injuries can cause each other and the superposition of injuries is amplified.*>*¢ As serum
creatinine levels are the most commonly used measure of kidney function, it may have an influential impact on
cardiovascular disease.

Study Limitations

There are some limitations to this study. First, the retrospective design of the study. Second, inflammation markers such
as C-reactive protein, brain natriuretic peptide, pro-inflammatory cytokines, angiotensin II, and norepinephrine levels,
etc. were not evaluated to address the additional confounding factors. The biggest restriction of this study is that we only
used a limited number of individual risk factors to do a model validation, failing to incorporate the “broad range of
relevant data” identified as essential in the guidelines, such as sociodemographic characteristics, cardiovascular (CVD)
and non-CVD comorbidities, mental health, symptom severity, and clinically available biomarkers. Thus, this can be
further clarified by more rigorous multicenter, prospective studies.

Conclusion

Assessment of prognosis is a critical step in evaluating the need for treatment and lifestyle modifications to manage the
risk of future coronary events. ABIC score was applicable to the prediction of long-term mortality risk after PCI, when
patients are stratified into high and low mortality risk groups, it should then define different investigation and treatment
pathways.
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